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MULTIPLE HYPOTHESIS PREDICTION FOR VIDEO CODING

{0081} This application claims prionty to U.S. Patent Apphication No. 17/644,519, filed
December 15,2021, and U.S. Provisional Application No. 63/138,232, filed December
23, 2020, the entire contents of which are hereby incorporated by reference. U.S. Patent
Application No. 17/644,519, filed December 135, 2021, clatms the benefit of US.
Provisional Application No. 63/130,232, filed December 23, 2020

TECHNICAL FIELD
{0002} This disclosure relates to video coding, including video encoding and video

decoding.

BACKGROUND

{0003} Digital video capabilities can be jncorporated into a wide range of devices,
wcluding digital televisions, digital direct broadeast systemas, wireless broadcast
systems, personal digital assistants (PDAs), laptop or desktop computers, tablet
computers, c~book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaning
devices, and the ke, Digital video devices implement video coding techniques, such as
those described in the standards defined by MPEG-2, MPEG-4, TTU-T H.263, ITU-T
H.264MPEG-4, Part 10, Advanced Video Coding (AVC), TTU-T H.265/FHagh Efficiency
Video Coding (HEVC), and extensions of such standards. The video devices may
transmit, recetve, encade, decade, and/or store digital video information more
efficicntly by implementing such video coding techniques.

{8084} Video coding technigues inchude spatial (ntra~picture} prediction and/or
temporal (inter-picture} prediction to reduce or remove redundancy mherent in video
sequences. For block-based video coding, a video slice {¢.g., a video picture ora
portion of a video picture) may be partitioned into video blocks, which may also be
referred to as coding tree units (CTUs), coding vnits (CUs} and/or coding nodes. Video
blocks in an intra-coded (I} slice of a picture are encoded using spatial prediction with
respect to reference samples in neighboring blocks in the same picture. Video blocks in

an inter-coded (P or B) slice of a picture may use spatial prediction with respect to
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reference samples in neighboring blocks in the same picture or teraporal prediction with
respect to reference samples in other reference pictures. Pictures may be referred to as

frames, and reference pictures may be referred to as reference frames.

SUMMARY

{0805} In general, this disclosure describes techniques for mter-prediction in video
coding {encoding and decoding). In particular, these techniques relate to multiple
hypothesis prediction. In video coding, video is represented by a series of pictures.
Each picture may be partitioned into blocks, and each block may be individually coded.
In zeneral, a block 1s coded using a prediction block and a residual block. A video coder
may generally form the prediction block according to inter-prediction (relative fo
previously coded pictures} or intra~-prediction (relative to previously coded blocks of the
same picture). In inter-prediction, blocks may be predicted using uni-directional {one
motion vector} or bi-directional (two motion vectors) prediction. Furthermore, in tnder-
prediction, blocks may be predicted using multi-hypothesis prediction, that is, using
more than two motion vectors.

{00606} In one exanple, a method of decoding video data includes determuning that a
first weight and a second weight are specified for a current block of video data that is
inter-prediction coded vsing bi-prodiction mode, wherein the first weight is different
than the second weight; in response to determining that the first weight and the second
weight are specified, determining whether the current block s to be predicted using
multi-hvpothesis prediction (MHP) mode with the bi~prediction mode as a base mode;
in response to determining that the current block is to be predicted using the MHP mode
with the bi-prediction mode as the base mode, determining an additional inter-prediction
rode of the MHP mode; generating a first prediction block according to the bi-
prediction mode; generating a second prediction block according to the additional inter-
prediction mode; generating a final prediction block for the current block according to
the MHP mode using the first prediction block and the secound prediction block; and
decoding the current block using the final prediction block.

{8007} In another example, a device for decoding video data mclades: a memory
configured to store video data; and one or more processors implemented in circuttry and
configured to: determing that a first weight and a second weight are specified fora

current block of video data that 13 mter-prediction coded using bi-prediction mode,
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wherein the first weight is different than the second weight; in response to deternining
that the first weight and the second weight are specified, determine whether the current
block is to be predicied using multi-hypothesis prediction (MHP) mode with the bi-
prediction mode as a base mode; in response to determining that the current block is to
be predicted using the MHP mode with the bi-prediction mode as the base mode,
determine an additional inter-prediction mode of the MHP mode; generate a fiest
prediction block according to the bi-prediction mode; generate a second prediction
block according to the additional mtcr-prediction mode; generate a final prediction
block for the corrent block according to the MHP mode using the first prediction block
and the second prediction block; and decode the current block using the final prediction
block.

[8008] fo another example, a computer-readable storage medium has stored thereon
mstructions that, when executed, cause a processor to: determine that a first weight and
a sccond weight are specified for a current block of video data that is inter-prediction
coded using bi-prediction mode, wherein the first weight s different than the second
weight; in response to determining that the first weight and the second weight are
specified, determine whether the current block is to be predicted using multi-hypothesis
prediction {MHP} mode with the bi-prediction mode as a base mode; in response to
determining that the current block is to be predicted using the MHP mode with the bi-
prediction mode as the base mode, deternune an additional inter-prediction mode of the
MHP mode; generate a first prediction block according to the bi-prediction mode;
generate a second prediction block according to the additional inter-prediction mode;
generate a final prediction block for the current block according to the MHP mode using
the first prediction block and the second prediction block; and decode the current block
using the final prediction block. Fig.

{0009} Tn another example, a device for decoding video data includes means for
determining that a first weight and a second weight are specified for a current block of
video data that 1s inter-prediction coded using bi-prediction mode, wherem the first
weight s different than the second weight; means for determining whether the current
block 15 to be predicted using multi-hypothesis prediction (MHP} mode with the bi-
prediction mode as a base mode n response 1o determining that the first weight and the
second weight are specified; means for determining an additional inter-prediction mode
of the MHF mode 1o response to deternuning that the current block s to be predicted

using the MHP mode with the bi-prediction mode as the base mode; means for
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generating a first prediction block according to the bi-prediction mode; means for
generating a second prediction block according to the additional inter-prediction mode;
means for generating a final prediction block for the current block according to the
MHP mode using the first prediction block and the second prediction block; and means
for decoding the current block using the final prediction block.

§8010] The detarls of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent

from the description, drawings, and clavos.

BRIEF DESCRIPTION OF DRAWINGS

{6611} FIG. | 1s a block diagram illustrating an example video encoding and decoding
system that may perform the technigues of this disclosure.

{8612 FIGS. ZA and 2B are conceptual diagrans illustrating an example guadtree
binary tree (QTBT) structure, and a corresponding coding tree unit {CTU}.

{0013} FIG. 3 13 a block diagram iHustrating an example video encoder that may
perform the technigues of this disclosure.

{6014} FIG. 4 1s a block diagram illustrating an example video decoder that may
perform the techmigues of this disclosure.

{80815} FIG. 5 1s a flowchart illustrating an example method for encoding a current
block in accordance with the techniques of this disclosure.

{0016} FIG. 6 15 a flowchart illustrating an example method for decoding a current
block m accordance with the technigues of this disclosure.

{8017} FIG. 7 18 a conceptual diagram llustrating an example of applving bi-prediction
with CU-level weighting (BCW) and multi-hypothesis prediction (MHP) as an
extension of BCW.

{6018} FIG. 8§ 15 a flowchart illustrating an example method of decoding {e.g.,

reproducing} a current block of video data according to the techniques of this disclosure.

DETAILED DESCRIPTION

{8019} 1o video coding, video s represented by a series of pictures. Each picture may
be partitioned into blocks, and each block may be individually coded. In general, a
block is coded using a prediction block and a residual block. A video coder may

generally form the prediction block according to inter-prediction (relative to previously
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coded pictures} or intra~-prediction {relative to previously coded blocks of the same
picture}. In inter-prediction, blocks may be predicted using uni~directional {one motion
vector) or bi-directional {two motion vectors} prediction.

{6828} The video coder may further code the motion vectors, e.g., using merge maode or
advanced motion vector prediction (AMVP) mode. In merge mode, the video coder
codes a merge candidate, representing a neighboring block to the current block from
which to infor motion information for the motion vector {e.g., a reference picture index,
a reference picture hist, and the motion vector iself, ¢.g., an x-component and a v-
component of the motion vector). The x-component represents horizontal displacement
for the motion vector, while the v-component represents vertical displacement for the
motion vector. In AMVP mode, the video coder codes a motion vector prediction
candidate, representing a neighboring block to the current block from which to predict
the motion vector, along with motion vector difference (MVD) information representing
offsets to apply to the x- and y-components of the motion vector prediction candidate.
In AMVP, the video coder also explicitly codes the reference pisture identifying
mformation, ¢.g., the reference picture index and reference picture list.

{8621} In ITU-T H.265/High Efficiency Video Coding (HEVC), the video coder codes
MVD values (that is, the differences between a motion vector predictor and the motion
veetor for a current CU) i units of quarter-luma samples {(when sub-pixe] precision is
enabled, e.g., when “use_integer_mav_flag” has a value of § in a slice header). ITU-T
H.266/Versatile Video Coding (VV} introduced a TU-level adaptive motion vector
resolution (AMVR) scheme that allows the MVD of a CU to be coded in different
precisions. Depending on the mode (normal AMVP mode or affine AMVP mode)} for
the carrent CU, the video coder may adaptively select the MVD resolution according to
VVC as follows: in normal AMVE mode, the video coder may select from quarter-luma
samples, half-wwa samples, integer-turna samples, or four-luma samples; in affine
AMVP mode, the video coder may select from 1/16-luma samples, guarter-hama
samples, or integer-luma samples.

10022} In VV, for a CU that has at least one non-zero MVD component, a video coder
may code a first flag to indicate whether quarter-luma-sample MV precision is used
for the CU. Ifthe first flag is 0, no further signaling 18 needed and quarter-lurpa-sample
MV precision is used for the current CU. Otherwise, the video coder may code a
second flag to indicate whether halt-luma-sample or another MVD precision (integer or

four-tuma sample} s used for the normal AMVP CU. In the case of half-luma-sample,
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the video coder may apply a 6-tap interpolation filter instead of a default 8-tap
interpolation filter for the half-luma sample position. Otherwise, the video coder may
code a third flag to indicate whether integer-luma-sample or four-lama-sample MVD
precision is used for a normal AMYP CU.

{0023} Tn the case of an affine AMVP CU in VVC, the video coder may usc a second
flag to indicate whether integer-luma-sample or 1716 lema-~sample MVD precision is
used. In order to ensure that the reconstructed MV has the intended precision {quarter-
luma-sample, half-luma-sample, micger-luma-sample or four-luma-sample), the video
coder may round motion vector predictor for the CU to the same precision as that of the
MVD before adding the motion vector predictor together with the MVD. The video
coder may round the motion vector predictors toward zero (that is, a negative motion
vector predictor 15 rounded toward positive mfinity and a posttive motion vector
predictor 1s rounded toward negative infinity}.

18024} In HEVC, a video coder gencrates a bi-prediction signal by averaging two
prediction signals obtained from two different reference pictures and/or using two
different motion vectors, In VYV, the bi-prediction mode is extended beyond simple
averaging to allow weighted averaging of the two prediction signals, e.g., as follows:

Pbi»-p.red = ((8 — W} Py +wr P+ 4) >3

{80825} In VYV, five weights w are alfowed in the weighted averaging bi-prediciion,
w € {—2,3,4,5,10} Forcach bi-predicted coding unit {CU, that is, block), the weight
w is determined i one of two ways: 1} for a non-merge CU, the video coder codes data
representing a weight index following the motion vector difference data in the
bitstream; 2} for a merge CU, the video coder infors the weight mdex from neighbouring
blocks based on the merge candidate index. In VV, bi-prediction with CU-lfevel
weighting (BCW) is only applied to CUs with 256 or more luma samples {i¢c., CU
width times CU height s greater than or equal to 256). For low-delay pictures, all 5
weights are used. For non-low-delay pictures, only 3 weights (w&{3,4,5}} are used.
{0626} Furthermore, in wter-prediction, blocks may be predicted using multi-hypothesis
prediction, that is, using more than two motion vectors. Multiple hyvpothesis prediction
{MHP) has been described m:
e Winken et al, “Multi-hypothesis Inter-prediction,” Joint Video Experts Team
(VET) of ITU-T SG 16 WP 3 and ISO/IEC JTC /ST 29/WG 11, 10th Meeting:
San Diego, US, 10-20 Apr. 2018, Document JVET-J0041-v2;
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s« Winken et al,, “CE10; Multi-Hypothesis Tnter Prediction (Tests 1.5 - 1.8),” Jont
Video Experts Team (JVET) of ITU-T 8G 16 WP 3 and ISO/JEC JTC 1/SC
29/WG 11, 11th Meeting: Ljubljana, 1, 1018 July 2018, Document JVET-
K269,

e Winken et al., "CE10; Multi-Hypothesis Inter Prediction (Tests 1.2.a- 1.2.¢),7
Joint Video Experts Team (JVET) of ITU-T SG 16 WP 3 and ISOAEC JTC
1/8C 29/ WG 1, 12th Meecting: Macao, CN, 3-12 Oct. 2018, Document JVET-
LO148-v3; and

e Winken et al., “CE10; Multi-hypothesis inter prediction {Test 10.1.2),” Joint
Video Experts Team (JVET) of ITU-T SG 16 WP 3 and ISG/AEC JTC 1/8C
29/WG 1, 13th Meeting: Marrakech, MA, 9-18 Jan. 2019, Document JVET-
MO4252,

{8627} fn MHP, an inter prediction technique allows weighted superposition of more
than two motion~-compensated prediction signals {e.g., using more than two motion
vectors). A video coder may obtain the resalting overall prediction signal by sampile-
wise weighted superposition. With the uni/bi prediction signal Py /p;. the first
addutional iter prediction signal/hypothesis Ay, and a weighting factor @, the video
coder may obtain the resulting prediction signal p» as follows:

Py = (L= @) Pupigp; + ahiy
{0628} According to MHP, the video coder may code data for weighting factorein a
syntax element add _hyp weight idx, e.g., according to the following mapping of Table
L

TABLE 1

add_hyp_weight idx |«
0 1/4
i -1/8

{66291 Analogous to the technigues discussed above, the video coder may use more

than one additional prediction signal. The video coder may ieratively accumulate the

resufting overall prediction signal with cach additional prediction signal, as follows:
Prvs = (1- a‘rz+1)pn + prafny

16838} The video coder may obtain the resulting overall prediction signal as the last p,

{i.c., the p, having the largest index n}.
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18031} For inter prediction blocks using merge mode (but not SKIP mode) according to
these conventional MHP technigues, the video coder may also specify additional inter
prediction signals. For the additional prediction signals, the video coder may vse one of
two AMVP candidate lists:

e If the picture order count {(POC) of the reference pictwre of the additional
prediction signal equals the POC of the used list reference picture, the video
coder may use the list] AMVP candidate kist.

e (therwise, the video coder may use the hist0 AMVP candidate hist.

[0832} This disclosure recognizes that the conventional MHP signaling described above
can be mproved. The techmiques of this disclosure may achicve improvements in video
coding relating to the use of MHP, in that these techmigues may reduce signaling
overhead, reduce processing requirements, and/or improve data fidelity by mcreasing
prediction accuracy for motion vector predictors and/or prediction blocks.

18033} FIG. | 1s a block diagram fllustrating an example video encoding and decoding
system {00 that may perform the technigues of this disclosure. The techniques of this
disclosure are generally directed to coding (encoding and/or decoding} video data. In
general, video data includes any data for processing a video. Thus, video data may
include raw, uncoded video, encoded video, decoded {(e.g., reconstructed) video, and
video metadata, such as signaling data.

{30334} As shown in FIG. 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displaved by a destination device 116, in this
example. In particular, source device 102 provides the video data to destination device
116 via a computer-readable medium 110, Source device 102 and destination device
116 may comprise any of a wide range of devices, including desktop computers,
notebook (1.¢., laptop) compuiers, mobile devices, tablet computers, set-top boxes,
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media players, video gaming consoles, video streaming device, or the hke. In some
cases, source device 102 and destination device 116 may be equipped for wireless
communication, and thus may be referred to as wireless communication devices.

{8635} In the example of FIG. 1, source device 102 includes video source 104, memory
106, video encoder 200, and output imterface 108, Destination device 116 includes
input interface 122, video decoder 300, memory 120, and display device 118, In
accordance with this disclosure, video encoder 200 of source device 102 and video

decoder 300 of destination device 116 may be configured to apply the technigues for
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coding data for multi-hypothesis prediction. Thus, source device 102 represents an
example of a video encoding deviee, while destination device 116 represents an
example of a video decoding device. In other examples, a source device and a
destination device may mchide other components or arrangements. For example, source
device 102 may receive video data from an external video source, such as an external
camera. Likewise, destination device 116 may interface with an external display device,
rather than including an integrated display device.

{8036} System 100 as shown in FIG. 1 s merely one example. In gencral, any digital
video encoding and/or decoding device may perform techniques for coding data for
multi-hypothesis prediction. Source device 102 and destination device 116 are merely
examples of such coding devices in which source device 102 generates coded video data
for transmission to destination device 116, This disclosure refers to a “coding” device
as a device that performs coding {encoding and/or decoding) of data. Thus, video
encoder 200 and video decoder 300 represcnt examples of coding devices, in particular,
a video encoder and a video decoder, respectively. In some exaraples, source device
102 and destination device 116 may operate in a substantially svmmetrical roanner such
that cach of source device 102 and destination device 116 inclades video encoding and
decoding components. Hence, system 100 may support ong-way of two-way video
transmission between source device 102 and destination device 116, ¢.g., for video
streaming, video playback, video broadeasting, or video telephony.
{8037} In general, video source 104 represents a source of video data {i.¢, raw, uncoded
video data) and provides a sequential serics of pictures {also referred to as “frames™) of
the video data to video encoder 200, which encodes data for the pictures. Video source
104 of source device 102 may mchude a video captare device, such as a video camera, a
video archive containing previcusly captured raw video, and/or a video feed mnterface to
receive video from a video content provider. As a further alternative, video source 104
may generate computer graphics-based data as the source video, or a combination of
tive video, archived video, and computer-generated video. In each case, video encoder
200 encodes the captured, pre-captured, or computer-generated video data. Video
encoder 200 may rearrange the picturcs from the received order {(somctimes referred to
as “display order”) mto a coding order for coding. Video encoder 200 may generate a
bitstream including encoded video data. Source device 102 may then output the
encoded video data via output interface 108 onto computer-readable mediwm 110 for

reception and/or retrieval by, e.g., input interface 122 of destination device 116
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18038] Memory 106 of source device 102 and mermory 120 of destination device 116
represent general purpose memories. In some examples, memories 106, 120 may store
raw video data, e.g., raw video from video source 104 and raw, decoded video data from
video decoder 300, Addstionally or alternatively, memorigs 106, 120 may store software
instructions executable by, ¢.g., video encoder 200 and video decoder 300, respectively.
Although memory 106 and memory 120 are shown separately from video encoder 200
and video decoder 300 in this example, © should be understood that video encoder 200
and video decoder 300 may alse include micmal memories for functionally sinular or
equivalent purposes. Furthermore, memories 106, 120 may store encoded video data,
¢.g., output from video encoder 200 and mput o video decoder 300, In some examples,
portions of memories 106, 120 may be allocated as one or more video buffers, e.g. to
store raw, decoded, and/or encoded video data.

{3039} Computer-readable mednun 110 may represent any type of medium or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medium 110 represents a
conununication medium to enable source device 102 to transmit encoded video data
directly to destination device 116 in real-ime, ¢.g., via a radio frequency network or
computer-based network. Output interface 108 may modulate a transmission signal
including the encoded video data, and mput interface 122 may demodulate the recetved
transmission signal, according to a communication standard, such as a wircless
communtication protocol. The commumnication medium may comprise any wireless or
wired communication mediurm, such as a radio frequency (RF) spectran: or ong or more
physical transmission hines. The communication medivm may form part of a packet-
based network, such as a local area network, a wide-area network, or a global network
such as the Infernct. The communication medium may include routers, switches, base
stations, or any other equipment that may be useful to facilitate communication from
source device 102 to destination device 116,

{8048} In some examples, source device 102 may output encoded data from output
interface 108 to storage device 112, Similardy, destination device 116 may access
encoded data from storage device 112 via input interface 122, Storage device 12 may
mclude any of a variety of distributed or locally accessed data storage media such as a
hard drive, Blu-ray discs, DYV Ds, CD-ROMs, flash memory, volatile or non-volatile

memory, or any other suitable digital storage media for storing encoded video data.
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[0041} In some examples, source device 102 may output encoded video data to file
server 114 or another intermediate storage device that may store the encoded video data
generated by source device 102, Destination device 116 mayv access stored video data
from file server 114 via streaming or download.

[8042] File server 114 may be any type of server device capable of storing encoded
video data and transmitting that encoded video data to the destination device 116, File
server 114 may represent a web server {¢.g., for a website), a server configured to
provide a file transfer protacol service (such as File Transfor Protoco! (FTF) or File
Delivery over Unidirectional Transport (FLUTE) protocol), a content delivery network
{CDN} device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadcast
Mutlticast Service (MBMS) or Enhanced MBMS (eMBMS) server, and/or a network
attached storage (NAS) device. File server 114 may, addtionally or altematively,
implement one or more HT TP streaming protocols, such as Dvnamic Adaptive
Streaming over HTTP (DASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocal (RTSP), HTTP Dynanuc Streaming, or the like.

{8043} Destination device 116 may access encoded video data from file server 114
through any standard data connection, nclading an Internet connection. This may
include a wireless channel {o.g., a Wi-Fi connection}, a wired conncction {c.g., digital
subscriber line (DSL), cable modem, etc ), or a combination of both that is suitable for
aceessing encoded video data stored on file server 114, Input interface 122 may be
configured to operate according to any one or more of the various protocols discussed
above for retrieving or recetving media data from file server 114, or other such
protocols for retrieving media data.

{8044} Output nterface 108 and input interface 122 may represent wireless
transoutters/receivers, modems, wired networking components {¢.g., Ethemet cards),
wircless communication components that operate according to any of a varicty of IHEE
§02.11 standards, or other physical components. In examples where output interface
108 and input interface 122 comprise wireless components, output interface 1068 and
input interface 122 may be configured to transfer data, such as encaded video data,
according to a cellular communication standard, such as 4G, 4G-LTE (Long-Temm
Evolution), LTE Advanced, 3G, or the like. Tn some examples where output interface
108 comprises a wireless transmitter, output interface 108 and input interface 122 may
be configured to transfer data, such as encoded video data, according to other wircless

standards, such as an IEEE 802.11 specification, an IEEE 802,15 specification {e.g.,
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ZigBee™), a Bluctooth™ standard, or the like. Tn some examples, source device 102
and/or destination device 116 may include respective system-on-a-chip (So{"} devices.
For example, source device 102 may include an SoC device to perform the functionality
attributed to video encoder 200 and/or output interface 108, and destination device 116
may melude an SoC device to perform the functionality attributed to video decoder 300
and/or input interface 122

180345} The techniques of this disclosure may be applied to video coding in support of
any of a variety of multimedia applications, such as over-the-air television broadcasts,
cable television transmussions, satellife television transmigsions, Internet streaming
video transmissions, such as dynamic adaptive streaming over HTTP (BASH), digital
video that is encoded onto a data storage medium, decoding of digital video stored on a
data storage medium, or other applications.

{8046} Input mterface 122 of destination device 116 recetves an encoded video
bitstream from computer-readable medium 110 {c.g., a communication medium, storage
device 112, file server 114, or the like}. The encoded video bitstreanm may include
signaling information defined by video encoder 200, which is also used by video
decoder 300, such as syntax elements having values that describe charactenistics and/or
processing of video blocks or other coded units {¢.g.. slices, pictures, groups of pictures,
sequences, or the like). Display device 118 displays decoded pictures of the decoded
video data to a user. Display device 118 may represent any of a variety of display
devices such as a liguid crystal display (LCD), a plasma display, an organic Hght
emitting diode {OLED) display, or another type of display device.

{66471 Although not shown in FIG. [, in some examples, video encoder 200 and video
decoder 300 may cach be mtegrated with an audio encoder and/or audio decoder, and
may include appropriate MUX-DEMUX units, or other hardware and/or software, to
handle multiplexed streams including both audio and video 1 a common data stream. I
applicable, MUX-DEMUX units may conform to the I'TU H.223 multiplexer protocol,
or other protocols such as the user datagram protocol (UDP).

10048} Video encoder 200 and video decoder 300 cach may be implemented as any of a
varicty of suttable encoder and/or decoder cireutiry, such as one or more
microprocessors, digital signal processors {DSPs), application specific integrated
circuits {ASICs), field programmable gate arrays (FPGAs), discrete logic, software,
hardware, firmware or any combinations thereof. When the techniques are implemented

partially in software, a device may store mstructions for the software in a suifable, non-
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transitory computer-readable mediurn and execute the instructions in hardware using
one or more processors to perform the technigues of this disclosure. Each of video
encoder 200 and video decoder 300 may be inchuded in one or more encoders or
decoders, either of which may be integrated as part of a combined encoder/decoder
(CODEC) m arespective device. A device meluding video encoder 200 and/or video
decoder 300 may comprise an mtegrated circuit, a microprocessor, and/or a wireless
comumunication device, such as a celhular telephone.

{6045} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-T H.265, also referred to as High Efficiency Video
Coding (HEVC) or extensions thergto, such as the multi-view and/or scalable video
coding extensions. Alternatively, video encoder 200 and video decoder 300 may
operate according to other proprictary or industry standards, such as Versatde Video
Coding (VVC). A draft of the VVC standard s deseribed in Bross, ot al. “Versatile
Video Coding (Draft 93, Joint Video Experts Team (JVET) of ITU-T SG 16 WP 3 and
ISO/AEC JTC V8C 29/WG 11, 18" Meeting:, 15-24 Apr., JVET-R2001-v8 (hereinafier
“YVC Draft 97). The techniques of this disclosure, however, are not hmited to any
particalar coding standard.

{8056} In goneral, video cncoder 200 and video decoder 300 may perform block-based
coding of picturcs. The term “block” generally refers to a structure including data to be
processed {e.g., encoded, decoded, or otherwise used in the encoding and/or decoding
process). For example, a block may include a two-dimensional matrix of samples of
fuminance and/or chronunance data. In general, video encoder 200 and video decoder
300 may code video data represented na YUV {e.g., Y, Cb, Cr) format. That is, rather
than coding red, green, and bloe {RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code huminance and chronunance components, where the
chrominance components may include both rod hue and blue hue chrominance
components. In some examples, video encoder 200 converts recetved RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converts the
YUYV representation 0 the RGB format. Alternatively, pre- and post-processing units
{not shown} may perform these conversions.

{06511 This disclosure may generally refer to coding {e.g., encoding and decoding) of
pictures to include the process of encoding or decoding data of the picture. Similarly,
this disclosure may refer to coding of blocks of a picture to include the process of

encoding or decoding data for the blocks, e.g., prediction and/or residual coding. An
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encoded video bitstream gencrally includes a serics of values for svatax elements
representative of coding decisions {e.g., coding modes) and partitionming of pictures mto
blocks. Thus, references to coding a picture or a block should generally be anderstood
as coding values for syntax elements forming the picture or block.

{0052} HEVC defines various blocks, including coding units (CUs), prediction units
(PUs}, and transform anits (TUs). According to HEVC, a video coder (such as video
encoder 200} partitions a coding tree unit ({TU} into CUs according to a quadiree
structure. That is, the video coder partitions CTUs and CUs 1nto four equal, non-
overlapping squares, and each node of the quadtree has either zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leaf
nodes may mehude one or more PUs and/or one or more TUs. The video coder may
further partition PUs and TUs. For example, m HEVC, a residual quadtree (RQT)
represents partitioning of TUs. In HEVC, PUs represent inter-prediction data, while
TUs reprosent residual data. CUs that are intra-predicted include intra-prediction
information, such as an intra-mode indication.

[8083] As another example, video encoder 200 and video decoder 300 may be
configured to operate according to VY. According to YV, a video coder (such as
video encoder 200) partitions a picture into a plurality of coding tree units {CTUs).
Video encoder 200 may partition a CTU according to a tree structure, such asa
quadtree-binary tree {QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT
structure removes the concepts of maltiple partition types, such as the separation
between CUs, PUs, and TUs of HEVC, A QTBT structure includes two levels: a first
level partitioned according to quadtree partitioning, and a second level partitioned
according t¢ binary tree partitioning. A root node of the QTBT structure corresponds o
a CTU. Leaf nodes of the binary trees correspond to coding units ({Us).

{0054} o an MTT partitioning structure, blocks may be partitioned using a quadtree
{QT) partition, a binary tree (BT partition, and one or more types of triple tree (TT)
(also called ternary tree (TT)) partitions. A triple or ternary tree partition 18 a partition
where a block is split into three sub-blocks. In some examples, a triple or ternary tree
partition divides a block 1nto three sub-blocks without dividing the original block
through the center. The partitioming types m MTT (c.2., QT, BT, and TT), may be
symumetrical or asymmetrical,

[0055] Tn some examples, video encoder 200 and video decoder 300 may use a single

QTBT or MTT structure to represent each of the luminance and chrominance
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compouents, while in other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structurcs, such as one QTBT/MTT structure for the
luminance component and another QTBT/MTT stractare for both chrominance
components {or two QTBT/MTT structures for respective chrominance components).
{8056} Video encoder 200 and video decoder 300 may be configured to use guadiree
partitioning per HEVC, QTBT partitioning, MTT partitioning, or other partitioning
structures. For purposes of explanation, the description of the techniques of this
disclosure 1s presented with respect to QTBT partiioning. However, it should be
understood that the techmqgues of this disclosure may also be applied to video coders
configured to use quadirce partitioning, or other types of partitioning as well.

{8837} In some examples, a CTU mehudes a coding tree block (CTB) of luma samples,
two corresponding CTBs of chroma saraples of a picture that has three sample arravs, or
a UTB of samples of a monochrome picture or a picture that is coded using three
separate color planes and symtax structures used to code the samples. A CTB may be an
NxN block of samples for some value of N such that the division of a component nto
CTBs 1s a partitioning. The component may be an array or single sample from one of
three arrays (luma and two chroma} for a picture n 4:2:0, 4:2:2, or 4:4:4 color format,
or an array or a single sample of the array for a pictwre in monochrome format. o some
examples, a coding block 1s an MxN block of samples for some values of M and N such
that a division of a CTB mto coding blocks is a partitioning.

{3058} The blocks (e.g., CTUs or CUs) may be grouped in various ways in a picture.
As one example, a brick may refer to a rectangular region of C'TU rows within a
particular tile in a picture. A tile may be a rectangular region of CTUs within a
particolar tile colomn and a particular tile row 1n a pictare. A tile colomn refersto a
rectangular region of UTUs having a height equal to the height of the picture and a
width specified by syntax clements {e.g., such as in a picture parameter set). A tile row
refers to a rectangular region of CTUs having a height specified by syntax elements
{e.g., such as in a picture parameter set} and a width equal to the width of the picture.
18059] In some examples, a tile may be partitioned into multiple bricks, each of which
may include one or more CTU rows within the tile. A tile that ts not partitioned nto
multiple bricks may also be referred to as a brick. However, a brick that is a true subset
of a tile may not be referred to as a tile.

{0060} The bricks in a picture may also be arranged m a slice. A shice may be an

infeger number of bricks of a picture that may be exclusively contained in a single
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network abstraction layer (NAL) untt. In some examples, a slice includes either a

number of complete tiles or only a consecutive sequence of complete bricks of one tile.
{8061} This disclosure may use “NodN” and “N by N7 interchangeably to refer to the
sample dimensions of a block (such as a CU or other video block) in terms of vertical

and horizontal dimensions, ¢.g., 16x16 samples or 16 by 16 samples. In general, a
16x:16 CU will have 16 samples in a vertical direction (y

: 163 and 16 samples in a
horizontal direction {x = 16}. Likewise, an NxN CU generally has N samples in a
vertical dircction and N samples in a horizontal direction, where N represents a
nonnegative integer value. The samples in a CU may be arranged m rows and columns.
Moreover, CUs need not necessartly have the same nomber of samples in the horizontal
direction as in the vertical direction. For example, CUs may comprise NxM samples,
where M is not necessarily eqgual to N

{8062} Video encoder 200 encodes video data for CUs representing prediction and/or
residual information, and other information. The prediction information indicates how
the CU 15 to be predicted in order to forn a prediction block for the CU. The residual
mformation generally represents sample-by-sample differences between samples of the
CU prior t¢ encoding and the prediction block.

8063} To predict a CU. video encoder 200 may gencrally form a prediction block for
the CU through inter-prediction or mtra~-prediction. Inter-prediction generally refers to
predicting the CU from data of a previously coded picture, whereas intra-prediction
generally refers to predicting the CU from previously coded data of the same picture.
To perform nter-prediction, video encoder 200 may gencrate the prediction block using
one or more motion vectors. Video encoder 200 may generally perform a motion search
to wentify a reference block that closely matches the CU, e.g., in terms of differences
between the CU and the reference block. Video encoder 200 may calculate a difference
metric using a sum of absolute differcnce (SAD), sum of squared differences (85D},
mean absolute difference (MAD), mean squared differences (MSD), or other such
difference calculations to determine whether a reference block closely matches the
current CU. In some examples, video encoder 200 may predict the current CU using
uni-directional prediction or bi-directional prediction.

(6064} Some examples of VYV also provide an affine motion compensation mode,
which may be considered an inter-prediction mode. In affine motion compensation

mode, video encoder 200 may deternune two or more motion vectors that represent non-
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transiational motion, such as zoom in or out, rotation, perspective motion, or other
irregular motion types.

{8065} To perform intra-prediction, video encoder 200 may select an mtra-prediction
mode to generate the prediction block. Some examples of VVC provide sixty-seven
intra-prediction modes, including various dircctional modes, as well as planar mode and
DC mode. In general, video encoder 200 selects an intra-prediction mode that describes
neighboring sampies to a current block {¢.g., a block of a CU) from which to predict
samples of the current block. Such samples may generallv be above, above and to the
left, or to the left of the carrent block in the same picture as the current block, assuming
video encoder 200 codes UTUs and CUs 1w raster scan order (feft to right, top to
bottony).

[8066] Video oncoder 200 encodes data representing the prediction mode for a current
block. For example, for inter-prediction modes, video encoder 200 may encode data
representing which of the various avatlable inter-prediction modes is used, as well as
raotion mformation for the corresponding mode. For uni-directional or bi-directional
mter-prediction, for example, video encoder 200 may encode motion vectors using
advanced motion vector prediction {AMVP) or merge mode. Video encoder 200 may
use similar modes to encode motion vectors for affine motion compensation mode.
{8067} Following prediction, such as intra~-prediction or inter-prediction of a block,
video encoder 200 may caleulate residual data for the block. The residual data, such as
a residual block, represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce
transformed data in a transform domain instead of the sample domamn. For example,
video encoder 200 may apply a discrete cosine transform (BCT), an integer transform, a
wavelet transform, or a conceptually sinular transform to residual video data.
Additionally, video encoder 200 may apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary tfransform (MDNSST), a
signal dependent transform, a Karhunen-Loeve transform (KLT), or the like. Video
encoder 200 produces transform coctiicients following application of the one or more
transforms.

{8868} As noted above, following any transforms to produce transform coeflicients,
video encoder 200 may perform quantization of the transform coctficients.

Quantization generally refers to a process in which transform coefficients are quantized
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to possibly reduce the amount of data used to represent the transform coctficients,
providing further compression. By performing the quantization process, video encoder
200 may reduce the bit depth associated with some or all of the transform cocfficients.
For example. video encoder 200 may round an #-bit value down to an m-bit value
during quantization, where » is greater than m. In some cxamples, to perform
guantization, vides encoder 200 may perform a bitwise right-shift of the value to be
quantized.

[6065] Following quantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matrix including the
quantized transform coefficients. The scan may be designed to place higher energy {and
therefore lower frequency) coetficients at the front of the vector and to place lower
energy {and therefore higher frequency) transform coefficients at the back of the vector.
In some examples, video encoder 200 may wtilize a predefined scan order to scan the
quantized transform coctficients to produce a serialized vector, and then entropy encode
the quantized transform coefficients of the vector. Tn other exaraples, video encoder 200
roay perform an adaptive scan. After scanning the quantized transform coefficients to
form the one-dimensional vector, video encoder 200 may entropy encode the onc-
dimensional vector, ¢.g.. according 1o context-adaptive binary arithmetic coding
{(CABAC) Video encoder 200 may also entropy cncode values for syntax elements
describing metadata associated with the encoded video data for use by video decoder
300 1 decoding the video data.

16678} To perform CABAC, video encoder 200 may assign a context within a context
model to a symbol to be transmitted. The context may relate to, for example, whether
neighboring values of the symbol are zero-valaed or not. The probability determination
may be based on a context assigned to the symbol.

{0071} Video encoder 200 may further gencrate syotax data, such as block-based syntax
data, picture-based syntax data, and sequence-based syntax data, to video decoder 300,
e.g., in a pictore header, a block header, a slice header, or other syntax data, such as a
sequence parameter set (SP8), picture parameter set (PPS), or video parameter set
(VPS). Video decoder 300 may likewise decode such svatax data to deteraine how to
decode corresponding video data.

{8872} In this manner, video encoder 200 may gencrate a bitstream including encoded

video data, ¢.g., syntax elements describing partitioning of a picture into blocks {e.g.,
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{Us) and prediction and/or residual information for the blocks. Ulimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{8673} In general, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decade the encoded video data of the bitstream. For example,
video decoder 300 may decode values for syutax elements of the bitstream using
CABAC in a manner substantially similar to, albeit reciprocal to, the CABAC encoding
process of video encoder 200. The syntax elements may define partitioning information
for partitioning a picture o CTUs, and partitioning of cach CTU according to a
corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The syntax elements may further define prediction and residual information for blocks
{c.g., CUs) of video data.

[8074] The residual information may be represented by, for example, quantized
transform coefficients. Video decoder 300 may inverse quantize and inverse transform
the quantized transform coefficients of a block to reproduce a residual block for the
block. Video decoder 300 uses a signaled prediction mode {(intra- or mter-prediction}
and related prediction information (e.g., motion information for inter-prediction} to form
a prediction block for the block. Video decoder 300 may then combine the prediction
block and the residual block {on a sample-by-~sample basis) to reproduce the original
block. Video decoder 300 may perform additional processing, such as performing a
deblocking process to reduce visual artifacts along boundaries of the block.

{8075} In accordance with the techniques of this disclosure, vides encoder 200 and
video decoder 300 may be configured to perform multi-hypothesis prediction (MHP).

In particular, video encoder 200 and video decoder 300 may be configured to perform
any or all of the following techniques related to MHP, in any combination.

{8676} 1o one example, video encoder 200 and video decoder 300 may apply MHP for
non-merge made only when bi-prediction with CU-level weighting (BCW) uses non-
equal weights (i.e., weights for predictors from different references are different).
Therefore, video encoder 200 and video decoder 300 may apply MHP as an extension of
BCW. For example, when applied on top of VVC, video encoder 200 and video
decoder 300 would only code the “additional prediction signal” in non-raerge mode
when BCW uses a weight that 1s not 4.7 Note that the weight for the “additional
prediction signal” implies non-equal weight as well.

{0077} 1o another example, m addition or in the alternative to the techniques above, for

non-merge mode, the MVD resolution of the “additional prediction signal” is the same
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as the selected MV resolution in the base mode. Aliematively, video encoder 200 and
video decoder 300 may code the MVD resolution of the “additional prediction signal”
as in the AMVR for the base mode. Thercfore, the MVD resolution of the “additional
prediction signal” can be adaptive and differ from that in the base mode. The additional
mode refers to the mode (either merge mode or non-merge mode) where the “additional
prediction signal” is signaled.

{3378} In another example. in addition or in the alternative to the techniques above,
video encoder 200 and video decoder 300 may be configured to apply MHP only with a
different motion vector or a different reference picture. This may reduce signaling costs
for the additional motion vector and may ensure that the final prediction cannot be a
duplicate of BCW.

{8079} 1o avother example, 1 addition or in the altemative to the techoiques above,
video encoder 200 and video decoder 300 may be configured not to apply MHP
blocks having motion vectors coded using non-merge mode when the AMVR mode is
half-luma sample, where a different tnterpolation filter is applied for motion
compensation. The predictor mayv be generated by smooth mterpolation filier in the
half-luma sample AMVR mode, and thus, applying MHP (which ases weighted
averaging) to gencrate a smooth predictor does not help much in such a mode.
Avoiding signaling of the additional prediction signal may reduce some overhead for
such a mode.

{3088} In another example, in addition or in the alternative to the techniques above,
video encoder 200 and video decoder 300 may be configured to determine whether to
apply MHP according to a selected wterpolation filter {e.g., a selected mnterpolation
filter index) for interpolating sub-mteger pixel values for sub-integer precision motion
vectors. In some designs, a set of interpolation filters with different characteristics can
be used. The selection of wnterpolation filter can be per block, signaled, or inherited as a
filter index. The interpolation filters may be different for different fractional (sub-
mteger) positions (phases). MHP may be disabled for some filter combinations. In one
example, the set of iterpolation filters may include a sharp filter and a smooth filter.
Then, video encoder 200 and video decoder 300 may disable MHP for a block if the
smooth filter is selected. Generally, “sharp™ filter means assigning more weights to
some samples than to others, and “smooth” filter means assigning relatively similar

weights across different samples.
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{0081} In another exaraple, in addition or in the alternative to the techniques above,
video encoder 200 and video decoder 300 do not sclect an AMVP candidate hist for the
motion vector for the additional prediction signal based on whether a POC of a
reference picture list is equal to a POC of a used listi reference picture. Instead, video
encoder 200 and video decoder 300 may be configured to determine the list to use
according to the reference index. This may simplify the process and provide coding
improvements.

{6082} In another exaraple, in addition or in the alicmative to the techniques above,
video encoder 200 and video decoder 300 may be configured with additional weighting
factors avatlable for MHP beyond those of Table 1. For example, video encoder 200

and video decoder 300 may be configured to use the weighting factors of Table 2:

TABLE 2
add hyp weight idx |«
O 1/4
i -1/8
2 172

{0083} In the example above, the additional weight of 1/2 can be used. This allows
video encoder 200 to assign more vuportance to the additional hypothesis than was
possible with the conventional method.

{8084 This disclosure may generally refer to “signaling” certain information, such as

values for syntax clements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal values for syntax elements in the bitstream. In
general, signaling refers to gencrating a value in the bitstreama. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially in real
fime, or not in real time, such as might occur when storing syntax elements o storage
device 112 for later retrieval by destination device 116

{0085} FIGS. 2A and 2B are conceptual diagraros illustrating an exaniple quadiree
binary tree (QTBT) structure 130, and a corresponding coding tree unit (CTU} 132, The
solid lines represent quadiree splitting, and dotted lines indicate binary tree splitting. In
cach split (.., non-leaf) node of the binary tree, one flag is signaled to mndicate which
splitting type {i.e., horizontal or vertical} s used, where { indicates horizontal splitting

and 1 indicates vertical splitting m this example. For the quadtree splitting, there s no
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need to mndicate the splitting type, since quadirce nodes sphit a block horizontally and
vertically imto 4 sub-blocks with equal size. Accordingly, video encoder 200 may
encode, and video decoder 300 may decode, syntax elements (sach as sphitting
information} for a region tree level of QTBT structure 130 (i, the solid lines) and
syntax clements (such as splitting information) tor a prediction tree level of QTBT
structure 130 {i.¢., the dashed lines). Video encoder 200 may encode, and video
decoder 300 may decode, video data, such as prediction and transform data, for CUs
represented by torminal leaf nodes of QTBT structure 130

{6086} In general, CTU 132 of FIG. 2B may be associated with parameters defining
sizes of blocks corresponding to nodes of TBT structure 130 at the first and second
levels. These parameters may include a CTU size (representing a size of CTU 132 in
samples), a minmmum quadtree size (MinQTSize, representing a minimurn allowed
quadtree leaf node size), a maximum binary tree size (MaxBTSize, representing a
maximum allowed binary tree root node size), @ maximum binary tree depth
(MaxBTDepth, representing a maximum allowed binary tree depth), and a mintmum
binary tree size (MinBTSize, representing the minimum allowed binary tree leaf node
size}d.

{8087} The root node of a QTBT structure corresponding to a CTU may have four child
nodes at the first level of the QTRT structure, each of which may be partitioned
according to quadiree partifioning. That 15, nodes of the first level are cither leaf nodes
{(having no child nodes} or have four child nodes. The example of GTBT stracture 138
represents such nodes as including the parent node and child nodes having solid fines
for branches. If nodes of the first level are not larger than the maximum allowed binary
tree root node size (MaxBTSize}, the nodes can be farther partitioned by respective
binary trees. The binary tree splitting of one node can be iterated unti! the nodes
resulting from the split reach the nunimum atlowed binary tree leaf node size
{(MinBTSize} or the maximum allowed binary tree depth (MaxBTDepth}. The example
of QTBT structure 130 represents such nodes as having dashed lines for branches. The
binary tree leaf node is referred to as a coding unit {CU}, which is used for prediction
{(¢.g.. mntra-picture or inter-picture prediction) and transform, without any further
partitioning. As discussed above, CUs may also be referred to as “video blocks” or
“blocks.”

{0088} Tn one example of the QTBT partitioning structure, the CTU size 15 set as

128x128 (Juma samples and two corresponding 64x64 chroma samples), the
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Min(3TSizc s set as 16x16, the MaxBTSize is sct as 64x64, the MinBTSize (for both
width and height) is set as 4, and the MaxBTDepth s set as 4. The guadiree partitioning
i3 applied to the CTU first to generate quad-tree leaf nodes. The quadtree leaf nodes
may have a size from 16316 {ic , the MinQTSize) to 128x128 (ic.. the CTU size}. I
the quadtree leaf node 1s 128x128, the quadtree leaf node will not be further split by the
binary tree, since the size exceeds the MaxBTSize (1.e., 64x64, in this example).
Otherwise, the guadiree leaf node may be further partitioned by the binary tree.
Therefore, the quadiree leaf node 1s also the root node for the binary tree and has the
binary tree depth as 0. When the binary tree depth reaches MaxBTDepth (4, in this
example}, no further splitting 1s permitted. A binary tree node having a width equal to
MmBTSize (4, in this example) it implies that no further vertical splitting (that is,
dividing of the width) is pernutied for that binary tree node. Similarly, a binary tree
node having a height equal to MinBTSize implies no further honzontal splitting (that 1s,
dividing of the height} is permitted for that binary tree node. As noted above, leaf nodes
of the binary tree are referred to as CUs, and are further processed according to
prediction and transform without further partitioning,

{8083} FIG. 3 1s a block diagram illustrating an example video encoder 200 that may
perform the techniques of this disclosure. FIG. 3 is provided for purposes of
explanation and should not be considered luniting of the techuigues as broadly
exemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 200 1o the context of video coding standards such as
the ITU-T H.265/HEVC video coding standard and the VVC video coding standard in
development. However, the techmques of this disclosure are not limited to these video
coding standards and are applicable generally to other video encoding and decoding
standards.

{0090} fn the example of FIG. 3, video encoder 200 mchudes video data memory 230,
mode selection unit 202, residual generation unit 204, transform processing unit 206,
guantization unit 208, mverse quantization unit 210, mverse transform processing unit
212, reconstruction unit 214, filter unit 216, decoded picture butfer (DPB) 218, and
entropy encoding unit 229, Any or all of video data memory 230, mode selection unit
202, residual generation unit 204, transform processing unit 206, quantization unit 208,
inverse quantization unit 210, inverse transform processimg unit 212, reconstruction unit
214, filter unit 216, DPB 218, and entropy encoding unit 220 may be mmplemented 1o

ONE OF MOTES ProCessors Or in processing circutry, For instance, the units of video
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encoder 200 may be implemented as one or more circuits ot logic clements as part of
hardware circuitry, or as part of a processor, ASIC, or FPGA. Moreover, video encoder
200 may include additional or aliernative processors or processing cirowitry to perform
these and other functions.

{8091} Video data memory 230 may store video data to be encoded by the components
of video encoder 200, Video encoder 200 may receive the video data stored in video
data memory 230 from, for example, video source 104 (FIG. 1}, DPB 218 mavactasa
reference picture memory that stores reference video data for use in prediction of
subsequent video data by video encoder 200, Video data memory 230 and DPB 218
may be formed by any of a varicty of memory devices, such as dynamic random access
memary (BRAM), including synchronous DRAM (SDRAM), magnetoresistive RAM
{MRAM), resistive RAM (RRAM), or other types of memory devices. Video data
memory 230 and DPB 218 may be provided by the same memory device or separate
memory devices. In various examples, video data memory 230 may be on-chip with
other components of video encoder 200, as illustrated, or off-chip relative to those
components.

{86892} In this disclosure, reference to video data memory 230 should not be interpreted
as being limited to memory internal to video encoder 200, unless specifically described
as such, or memory external to video encoder 200, unless specifically descrbed as such.
Rather, reference to video data memory 230 should be understood as refercnee memory
that stores video data that video encoder 200 receives for encoding (2.g., video data for
a current block that is to be encoded). Memory 106 of FIG. | may also provide
temporary storage of outputs from the varnous units of video encoder 200.

{6093} The various umits of FIG. 3 are illustrated to assist with understanding the
operations performed by video encoder 200, The units may be implemented as fixed-
function circutis, programmable circuits, or a combination thereof. Fixed-function
circuits refer to circuits that provide particular functionality, and are presct on the
operations that can be performed. Programmable circuits refer to circuits that can be
programmed to perform various tasks, and provide flexible functionality in the
operations that can be performed. For instance, progranunable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by instroctions of the software or firmware. Fixed-function circuits may
execuie software instructions {¢.g., to receive parameters or output parameters), but the

tvpes of operations that the fixed-function circuits perform are generally immutable. In
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some examples, one or more of the units may be distinct circuit blocks (fixed-function
or programmable), and in some examples, the one or more units may be integrated
cirouits.

{6894} Video encoder 200 may include arithmetic logic units {ALUs}, clementary
function units (EFUs), digital circuits, analog circuits, and/or programumable cores,
formed from programmable circuits. In examples where the operations of video
encoder 200 are performed using software executed by the programmable circuits,
raerory 106 (FIG. 1) may store instructions {¢.g., object code) of the software that
video encoder 200 receives and executes, or ancther memory within video encoder 200
{not shown} may store such nstructions.

{80895} Video data memory 230 1s configured to store recetved video data. Video
encoder 200 may retrieve a picture of the video data from video data memory 230 and
provide the video data to residual generation anmit 204 and mode selection umit 202
Video data in video data memory 230 may be raw video data that is to be cacoded.
16696} Mode selection unit 202 includes motion estimation unit 222, motion
compensation unit 224, and mtra~prediction unit 226. Mode selection unit 202 may
include additional functional units to perform video prediction in accordance with other
prediction modes. As examples, mode selection unit 202 may include a palefte unit, an

~

intra~block copy untt (which may be part of motion estimation unit 222 and/or motion
compensation unit 224}, an affine unit, a lincar model (LM} unit, or the hke.

{30971 Mode selection anit 202 generally coordinates muldtiple encoding passes to test
combinations of encoding parameters and resulting rate~distortion values for such
combinations. The encoding parameters may mclude partitioning of CTUs into Cls,
prediction modes for the CUs, transform types for residual data of the CUs, quantization
parameters for residual data of the CUs, and so on. Mode selection unit 202 may
ultimately select the combmation of encoding parameters having rate-distortion values
that are better than the other tested combinations. According to the techniques of this
disclosure, mode selection unit 202 may select whether to predict the current block
using multi-hypotheses prediction (MHF} according to the techniques of this disclosure,
as well as any of the other various factors discussed above, e.g., weights to apply to the
predicted blocks, MVD resolutions, and the like.

{8098} Video encoder 200 may partition a picture retrieved from vides data memory
230 mto a serics of CTUs, and encapsulate one or more CTUs within a shice. Mode

selection unit 202 may partition a CTU of the picture in aceordance with a tree
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structure, such as the QTBT structure or the quad-iree structure of HEVC described
above. As described above, video encoder 200 may form one or more {Us from
partitioning a CTU according to the tree structure. Such a8 CU may also be referred to

generally as a “video block™ or “block ™

motion estimation unit 222, motion compensation anit 224, and intra-prediction unit
226} to generate a prediction block for a current block (e.g.. a current CU, or in HEVC,
the overlapping portion of a PU and a TU). For inter-prediction of a current block,
motion estimation unit 222 may perform a motion search to identify one or more closely
matching reference blocks in one or more reference pictures {e.g., one or more
previously coded pictures stored in DPB 218). In particolar, motion estimation wunit 222
may calculate a value representative of how stmilar a potential reference block 15 to the
carrent block, e.g., according to sum of absolate difference (SAD), sum of squared
differences (SSD, mean absolute difference (MAD), mean squared differences (MSD),
or the like. Motion estimation unit 222 may generally perform these calculations using
sample-by-sample differences between the current block and the reference block being
considered. Motion estimation unit 222 may identify a reference block having a lowest
value resulting from these calculations, indicating a reference block that most closely
matches the current block.

{4196} Motion estimation unit 222 may form one or more motion vectors {MVs) that
defines the positions of the reference blocks in the reference pictures relative to the
position of the current block in a current picture. Motion estimation unit 222 may then
provide the motion vectors to motion compensation unit 224, For example, for uni-
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation unit 222 may
provide two motion vectors. For MHP, motion estimation unit 222 may provide
additional motion vectors,

{8181} Motion compensation anit 224 may then generate a prediction block using the
motion vectors and various weights, and mode selection unit 202 may ultimately
determine an appropriate one of the weights. For example, motion compensation unit
224 may retrieve data of the reference block using the motion vector. As another
example, if the motion vector has fractional sample precision, motion compensation unit
224 may ionterpolate values for the prediction block according to one or more

mterpolation filters. Moreover, for bi-directional inter-prediction and/or MHP, motion



WO 2022/140160 PCT/US2021/063856

[
3

compensation unit 224 may retrieve data for two reference blocks identified by
respective motion vectors and combine the retrieved data, ¢ .g., through sample-by-
sample averaging or weighted averaging.

{0102} In some examples, mode selection unit 202 may determine to apply MHP as an
extension of bi-prediction with CU-level weighting (BCW). For example, mode
selection unit 202 may determine that coding a block using MHP as an extension of
BCW vields the best rate-distortion optimization (RDO) value. o particular, motion
estunation unit 222 mayv determine motion information for gencrating an micrmediate
prediction block 1n a base bi-prediction mode, as well as motion information for
generating an additional prediction block using an additional prediction mode {¢.g., bi-
prediction or uni-prediction). Mode selection unit 202 may determine that prediction
blocks generated using BCW are to be combined using nov~equal weights {e.g., weight
values other than 4},

13193} Motion compensation vait 224 may gencrate two mter-prediction blocks (for the
BCW-predicted mtermediate prediction block) and combine the two inter-prediction
blocks with the non-equal weights to form an intermediate prediction block. Motion
compensation unit 224 may then generate an additional prediction block using the
additional prediction mode. Motion compensation unit 224 may farther combine the
intermediate prediction block with the additional prediction block according to MHP.
Furthermore, mode selection unit 202 may determine to encode the motion information
using a non-merge mode, such as AMVP.

13104} Mode selection unit 202 mayv also deternune a weighting factor for combining
the wtermediate prediction block with the addiional prediction block according to
MHP. The weighting factor for MHP is distinct from the non-equal weights of BCW.
For example. mode selection unit 202 may provide the value of the weighting factor to
entropy encoding unit 220 10 be coded according to a table specifying an additional
hypothesis weight index value (e.g., add_byp weight 1dx) for the weighting factor.
Entropy encoding unit 220 may determine the value of the additional hypothesis weight
index vahue from the table. Thus, entropy encoding unit 220 may encode both data
representing the BCW non-equal weights as well as the weighting factor for MHP.
{61051 Mode selection unit 202 may provide the values of the weights, as well as
motion information for the base bi-prediction mode and the additional prediction mode,
to entropy encoding unit 220. In some examples, motion estimation unit 222 and

motion compensation unit 224 may be configured o use an MVD precision for the
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MV of the motion information for the additional prediction signal that is the same as
the MV D precision for the MVD of the base bi-prediction mode. Thus, mode selection
unit 202 need not provide data representative of the MVD precision for the additional
prediction mode to entropy encoding unit 220,

{0106} Tn other examaples, if mode selection unit 202 determines to predict a currend
block using bi-prediction mode with equal weights, mode selection unit 202 may
prevent the use of an additional prediction signal for MHP. Thus, entropy encoding unit
220 need not code any additional motion information when the weights are equal for
BCW.

{83871 As another example, for intra~prediction, or intra-prediction coding, intra-
prediction unit 226 may generate the prediction block from samples neighboring the
current block. For example, for directional modes, intra~prediction unit 226 may
generally mathematically combine values of neighbonng samples and populate these
calculated values m the defined direction across the current block to produce the
prediction block. As another example, for DC mode, intra-prediction unit 226 may
caleulate an average of the neighboring samples to the current block and generate the
prediction block to include this resulting average for each sample of the prediction
block.

{0108} Mode selection unit 202 provides the prediction block to residual generation unit
204, Residual generation unit 204 receives a raw, uncoded version of the current block
from video data memory 230 and the prediction block from mode selection unit 202.
Residual gencration unit 204 calculates sample-by-sample differences between the
current block and the prediction block. The resulting sample-by-sample differences
define a residual block for the current block. In some examples, residual generation it
204 may also determine differences between sample values in the residual block to
gencrate a residual block using residual differential pulse code modulation (RDPCM).
o some examples, residual generation unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

{6199} In examples where mode selection unit 202 partitions CUs mto PUs, each PU
ray be associated with a luma prediction unit and corresponding chroma prediction
units. Video encoder 200 and video decoder 300 may support PUs having various sizes.
As indicated above, the size of a CU may refer to the size of the luma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PU.

Assuming that the size of a particalar CU 15 ZNKIN, video encoder 200 may support PU
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sizes of 2ZNx2N or NxN for intra prediction, and synuunctric PU sizes of ZNx2N, ZNxN,
NxZN, NxN, or similar for inter prediction. Video encoder 200 and video decoder 300
may also support asynumetric partitioning for PU sizes of 2NanlU, 2NxnD, nlx2N, and
aRxZN for inter prediction.

{0110} Tn examples where mode selection wnit 202 does not further partition a CU o
PUs, cach CU may be associated with a luma coding block and corresponding chroma
coding blocks. As above, the size of a CU may refer to the size of the luma coding
block of the CU. The video encoder 200 and video decoder 300 may support CU sizes
of 2Nx2N, ZNxN, or N<2N.

{8111} For other video coding techniques such as intra-block copy mode coding, affine-
mode coding, and linear model (LM} mode coding, as some examples, mode selection
unit 202, via respective units associated with the coding technigues, generates a
prediction block for the carrent block being encoded. In some examples, such as palette
mode coding, mode selection unit 202 may not generate a prediction block, and instead
ray generate syntax clements that indicate the manner in which to reconstruct the block
based on a selected palette. In such modes, mode selection unit 202 may provide these
syntax elements to entropy encoding unit 220 to be encoded.

{6112} As described above, residual goneration unit 204 receives the video data for the
current block and the corresponding prediction block. Residual generation unit 204 then
generates a residual block for the current block. To generate the residual block, residual
generation vnit 204 calculates sample-by-sample differences between the prediction
block and the current Bblock.

{63113} Transform processing unit 206 applies one or more transforms to the residual
block to generate a block of transform coefficients {(referred to heremn as a “transform
coefficient block™). Transform processing unit 206 may apply various transforms to a
residual block to form the transtorm coefficient block. For example, transfor
processing unit 206 may apply a discrete cosine transform (BCT), a divectional
transform, a Karhanen-Loeve transform (KLT), or a conceptaally similar fransformto a
residual block. In some examples, transform processing unit 206 may perform multiple
transforms to a residual block, ¢.g., a primary transfoom and a secondary transform,
such as a rotational transform. In some examples, transform processing unit 206 does
not apply transforms to a residual block.

{0114} Quantization unit 208 may quantize the transform coefficients in a transform

cocfhicient block, to produce a quantized transform coefficient block. Quantization unit
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208 may quantize transtform coefficients of a transform cocfficient block according to a
quantization parameter {QP) value associated with the current block. Video encoder
200 {e.g., via mode selection unit 202) may adjust the degree of quantization applied to
the transtorm coefficient blocks assoctated with the current block by adjusting the QP
value associated with the CU. Quantization may introduce loss of information, and
thus, quantized transform coefficients may have lower precision than the original
transform coefficients produced by transform processing unit 206,

{6118} Inverse quantization wt 210 and imverse transtorm processing uoit 212 may
apply inverse guantization and inverse transforms to a gquantized transform coefficient
block, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 may produce a reconstructed block corresponding to the current
black {albeit potentially with some degree of distortion) based on the reconstructed
residual block and a prediction block generated by mode selection unit 202, For
cxample, reconstruction unit 214 may add samples of the reconstructed residual block to
corresponding sarples from the prediction block generated by mode selection unit 202
1o produce the reconstructed block.

{8116} Filter umit 216 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 216 may perform deblocking operations to reduce
blockiness artifacts along edges of Cls. Operations of filter unit 216 may be skipped,
in some examples.

{3117} Video encoder 200 stores reconstructed blocks in DPB 218, For instance, in
cxamples where operations of filter unit 216 are not needed, reconstruction unit 214
may store reconstructed blocks to DPB 218, In examples where operations of filter unit
216 are needed, filter anit 216 may store the filtered reconstracted blocks to DPB 218.
Motion estimation unit 222 and motion compensation unit 224 may retrieve a reference
picture from DPB 218, formed from the reconstrucied (and potentially filtered) blocks,
to miter-predict blocks of subsequently encoded pictures. In addition, intra~-prediction
unit 226 may ose reconstructed blocks in DPB 218 of a current picture to intra-predict
other blocks in the current picture.

{0118} In general, entropy encoding unit 220 may eutropy cncode syntax clements
received from other functional components of video encoder 200. For example, entropy
encoding unit 220 may entropy encode quantized transform coefticient biocks from
quantization unit 208. As another example, entropy encoding unit 220 may entropy

encode prediction syntax elements {¢.g., motion information for mter-prediction or
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intra-mode mformation for intra-prediction) from mode selection unit 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
clements, which are another example of video data, to generate entropy-encoded data.
For example. entropy encoding umit 220 may perform a context-adaptive variable length
coding {CAVLC) operation, a CABAC operation, a vanable-to-variable (VZV) length
coding operation, a syntax-based context-adaptive binary arithmetic coding (SBAC)
operation, a Probability Interval Partitioning Entropy (PIPE} coding operation, an
Exponential-Golomb encoding operation, or another type of entropy encoding operation
on the data. In some examples, entropy encoding unit 220 may operate m bypass mode
where syntax elements are not entropy encoded.

{8119} Video encoder 200 may output a bitstream that inchudes the entropy encoded
syotax elements needed to reconstruct blocks of a slice or picture. To particular, entropy
encoding amt 220 may output the bitstream.

18128} The operations described above are described with respect to a block. Such
description should be understood as being operations for a luma coding block and/or
chroma coding blocks. As described above, in some examples, the luma coding block
and chroma coding blocks are hima and chroma components of a CU. In some
examples, the luma coding block and the chroma coding blocks arc luma and chroma
components of a PU.

[#121] In some examples, operations performed with respect to a luma coding block
need not be repeated for the chroma coding blocks. As one example, operations to
identify a motion vector (MV) and reference picture for a fuma coding block need not
be repeated foridentifying a MV and reference picture for the chroma blocks. Rather,
the MV for the luma coding block may be scaled to determine the MV for the chroma
blacks, and the reference picture may be the same. As another example, the intra-
prediction process may be the same for the luma coding block and the chroma coding
blocks.

{3122} FIG. 4 13 a block diagram illustrating an example video decoder 300 that may
perform the techniques of this disclosure. FIG. 4 is provided for purposes of
explanation and is not luntting on the technigues as broadly exemplified and described
in this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the technigues of VYV and HEVC (ITU-T H.265). However, the
techniques of this disclosure may be performed by video coding devices that are

configured to other video coding standards.
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10123} Inthe example of FIG. 4, video decoder 300 includes coded picture buffer
{CPRB) memory 320, entropy decodmg unit 302, prediction processing unit 304, mverse
quantization unit 306, inverse transform processing unit 308, reconstruction unit 310,
filter wnit 312, and decoded picture buffer (DPB) 314, Any or all of CPB memory 320,
entropy decoding unit 302, prediction processing unit 304, imverse quantization unit
306, inverse transform processing unit 308, reconstruction unit 310, filter unit 312, and
DPB 314 may be implemented in one of more processors of in processing circuitry. For
nstance, the wts of video decoder 300 mav be mmplemented as one or more circutts or
logic elements as part of hardware circuitry, or as part of a processor, ASIC, or FPG
Morseover, video decoder 300 may include additional or alterative processors or
processing circuitry to perform these and other functions.

[8124] Prediction processing unit 304 includes motion compensation unit 316 and intra-
prediction onit 318, Prediction processing unit 304 may include additional units to
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may mclude a paletic unit, an intra-block copy unit (which may
form part of motion compensation wut 316}, an affine unit, a lincar model (LM} unit, or
the like. In other examples, video decoder 300 may inchide more, fewer, or different
functional components.

[8125] CPB memory 320 may store video data, such as an encoded video bitstream, to
be decoded by the components of video decoder 300, The video data stored in CPB
memory 320 may be obtained, for example, from computer-readable medivm 110 (FIG.
1}. €PB memory 320 may include a CPB that stores encoded video data {c.g., syntax
clements) from an encoded video butstream. Also, CPB memory 320 may store video
data other than syntax elements of a coded picture, such as temporary data representing
outputs from the various units of video decoder 300, DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as reference video data when
decoding subsequent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by anv of a variety of memory devices, sach as dynamic
random access memory {(DBRAM), including syachronous DRAM (SDRAM},
rnagnetoresistive RAM (MRAM), resistive RAM (RRAM), or other types of memory
devices. CPB memory 320 and DPB 314 may be provided by the same memory device
or separate memory devices. In various examples, CPB memory 320 may be on-chip

with other components of video decoder 300, or off-chip relative to those components.
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18126] Additionally or alternatively, in some cxamples, video decoder 300 may retrieve
coded video data from memaory 120 (FIG. 1), That is, memory 120 may store data as
discussed above with CPB memory 320, Likewise, memory 120 may store instructions
to be executed by video decoder 300, when some or all of the functionality of video
decoder 300 1s implemented in software to be exccuted by processing circuttry of video
decoder 300.

{3127} The various units shown in FIG. 4 are dlustrated to assist with understanding the
operations performed by video decoder 300, The units may be implemented as fixed-
function circuits, programmable circuits, or a combmnation thereof. Sumilar to FIG. 3,
fixed-function circwnis refer to circuits that provide particular functionality, and are
preset on the operations that can be performed. Programmable circuits refer to circuits
that can be programmed to perform various tasks, and provide fiexible functionaliy
the operations that can be performed. For instance, programmable circuuts may execuote
software or firmware that cause the programmable circuits to operate in the manner
defined by mstructions of the software or firnware. Fixed-function circuits may
execute software instroctions {¢.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circaits perform are generally immutable. In
some exaraples, the one or more units may be distinet circuit blocks (fixed-function or
progranunable), and in sone examples, the one or maore units may be integrated circuits.
{4128} Video decoder 300 may include ALUs, EFUs, digital circuits, analog circuts,
and/or programmable cores formed from programmable circuits. In examples where the
operations of video decoder 300 are performed by software excouting on the
programmable circuits, on-chup or off-chip memory may store instructions {¢.g., object
code} of the software that video decoder 300 recetves and exgautes.

{8129} Entropy decoding unit 302 may receive encoded video data from the CPB and
cntropy decode the video data to reproduce syntax elements, Prediction processing unit
304, inverse quantization unit 306, nverse transform processing umit 308,
reconstruction wnit 310, and filter wnit 312 may generate decoded video data based on
the syntax clements extracted from the bitstream.

10138} In general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconstruction operation on each block individually
{where the block currently being reconstructed, i.¢., decoded, may be referred to as a

“current block™).
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18131} Entropy decoding unit 302 may entropy decode syntax clements defining
quantized transform coefficients of a quantized transform coefficient block, as well as
transform mformation, such as a quantization parameter (QF) and/or transform mode
indication(s}. Inverse quantization unit 306 may use the QP associated with the
quantized transform coefficient block to determine a degree of quantization and,
likewise, a degree of inverse quantization for inverse quantization unit 306 to apply.
Inverse gquantization unit 306 may, for example, perform a bitwise left-shift operation to
mverse quantize the quantized transform coeflicients. Inverse quantization unit 306
may thereby form a transform coefficient block including transform coefficients.
[8132] After inverse quantization unit 306 forms the transform cocfficient block,
inverse transform processing unit 308 may apply one or more inverse transforms to the
transform coefficient block to generate a residual block associated with the current
block. For example, inverse transform processing unit 308 may apply an mverse DCT,
an inverse integer transform, an tnverse Karhunen-Locove transtorm (KLT), an inverse
rotational transform, an mwverse directional transtorm, or another mverse tfransform to
the transform coefficient block.

{8133} Furthermore, prediction processing onit 304 generates a prediction block
according to prediction information syntax clements that were entropy decoded by
entropy decoding unit 302, For example, if the prediction information syntax elements
wmdicate that the current block is wter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction information syntax elements
may indicate a reference picture in DPB 314 from which to retrieve a reference block,
as well as a motion vector identifying a location of the reference block in the reference
picture relative to the location of the current block in the current picture. Motion
compensation unit 316 may gencrally perform the inter-prediction process in a manoer
that is substantially stmilar to that described with respect to motion compensation unit
224 (FIG. 3).

{8134} For example, motion compensation anmit 316 may be configured to perform uni-
directional prediction or bi-directional prediction, or MHP according to the techniques
of this disclosure. Prediction processing unit 304 may be configured according to the
techmques of this disclosure to determine whether MHP is available for a current block,
and to control motion compensation unit 316 to perform or not perform MHP

accordingly. Entropy decoding wnit 302 may, in some examples, decode data
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representing MVD weights for motion vectors and/or weights to be applied to prediction
blocks to form weighted combinations of the prediction blocks.

{8135} In some examples, entropy decoding unit 302 may decode data representing
weights for BCW mode for a current block. When the weights for BOW mode are non-
cqual, entropy decoding unit 302 may further determine that additional motion
information for an additional prediction signal is to be entropy decoded. Thus, entropy
decoding unit 302 may entropy decode the additional motion information, as well as the
motion information for a base bi-prediction mode for BCW, and provide the weights
and all of the motion information to prediction processing unit 304, Entropy decoding
anit 302 may further entropy decode a weighting factor index value for MHP,
representing a weighting factor to be used when combining prediction blocks according
to MHP. Entropy decoding unit 302 may determine the weighting factor from the
weighting factor index using a weighting factor table that maps 1ndex values to
weighting factors.

{6136} Motion compensation unit 316 may generate two inter-prediction blocks (for the
BCW-predicted mtermediate prediction block) and combine the two mter-prediction
blocks with the non-equal weights to form an mtermediate prediction block. Motion
compensation unit 316 may then generate an additional prediction block using the
additional prediction mode. Motion compensation unit 316 may further combinge the
intermediate prediction block with the additional prediction block according to MHP
using the weighting factor. Again, the weighting factor for MHP is distinct from the
weights of BCW.

{6137} In some examples, motion compensation unit 316 may be configared to use an
MVD precision for the MVD of the motion information for the additional prediction
signal that is the same as the MVD precision for the MVD of the base bi-prediction
mode. Thus, entropy decoding umnit 302 may not decode data representative of the

MV precision for the additional prediction mode.

{8138} In other examples, if entropy decoding wnit 302 decodes data indicating that a
cureent block is to be predicted using bi-prediction mode with equal weights, entropy
decoding unit 302 may deternune that no additional motion information is to be
decoded for the current block. Thus, subscquent data of the bitstream may correspond
to a different syntax element than additional motion imformation.

{0139} As another example, if the prediction information syntax clements mdicate that

the current block 1s intra-predicted, infra-prediction unit 318 may generaie the
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prediction block according to an intra~-prediction mode indicated by the prediction
nformation syntax clements. Again, intra-prediction unit 318 may generally perform
the intra-prediction process in a manner that 15 substantially similar to that described
with respect to intra-prediction unit 226 (FIG. 3). Intra-prediction unit 318 may retrieve
data of neighboring samples to the current block from DPB 314

{3140} Reconstraction unit 310 may reconstruct the current block using the prediction
block and the residoal block. For example, reconstruction vnit 310 may add samples of
the residual block to corresponding samples of the prediction block to reconstruct the
current block.

{8141} Filter unit 312 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 312 may perform deblocking operations to reduce
blockiness artifacts along edges of the reconstructed blocks. Operations of filter unit
312 are not necessarily performed in all examples.

13142} Video decoder 300 may store the reconstructed blocks in DPE 314, For
instance, n examples where operations of filter unit 312 are not perforned,
reconstruction unit 310 may store reconstructed blocks to DPB 314, In examples where
operations of filter unit 312 are performed, filter unit 312 may store the filtered
reconstructed blocks to DPB 314, As discussed above, DPB 314 may provide reference
information, such as samples of a current picture for ntra-prediction and previously
decoded pictures for subsequent motion compensation, to prediction processing unit
304, Moreover, video decoder 300 may output decoded pictures from DPB 314 for
subscquent presentation on a display device, such as display device 118 of FIG. 1.
{6143} FIG. 515 a flowchart illustrating an example method for encoding a current
block int accordance with the techniques of this disclosure. The carrent block may
comprise a current CU. Although described with respect to video encader 200 (FIGS. 1
and 3}, it should be understood that other devices may be configured to perform a
method similar to that of FIG. 5.

{8144} In this example, video encoder 200 mitially predicts the carrent block (3503, For
example, video encoder 200 may form a prediction block for the current block. Video
encoder 200 may form the prediction block according to MHP as discussed above, in
accordance with the techmques of thes disclosure. Video encoder 200 may then
calculate a residual block for the current block (352). To calculate the residual block,
video encoder 200 may calculate a difference between the original, uncoded block and

the prediction block for the current block. Video encoder 200 may then transform and
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quantize coefficients of the residual block (354}, Next, video encoder 200 may scan the
quantized transform coefficients of the residual block (336}, During the scan, or
following the scan, video encoder 200 may entropy encode the coefficients {(358). For
example, video encoder 200 may encode the coefficients using CAVLC or CABAC.
Video encoder 200 may then output the entropy encoded data of the block (360},

{8145} Video encoder 200 may also decode the awrrent block after encoding the carrent
block, to use the decoded version of the cusrent block as reference data for subsequently
coded data (e.g., in inter- or intra-prediction modes). Thus, video encoder 200 may
mverse quantize and inverse transform the coefficients to reproduce the residoal block
{362}, Video encoder 200 may combine the residual block with the prediction block o
form a decoded block {364). Video encoder 200 may then store the decoded block in
DPB 218 (356).

{3146} In this manner, the method of FIG. 5 represents an example of a method of
decoding {and/or encoding} a current block, including detcomining that a first weight
and a second weight are specified for a current block of video data that is mter-
prediction coded using bi-prediction mode, wherein the first weight is different than the
second weight; in response to determining that the first weight and the second weight
are specified, determining whether the current block is to be predicted using malti-
hypothesis prediction (MHP) mode with the bi-prediction mode as a base mode; in
response to determining that the current block is to be predicted using the MHP mode
with the bi-prediction mode as the base mode, determining an additional inter-prediction
mode of the MHP mode; generating a first prediction block according to the bi-
prediction mode; generating a second prediction block according to the additional inter-
prediction mode; generating a final prediction block for the current block according to
the MHP mode using the first prediction block and the second prediction block; and
decoding the current block using the final prediction block.

{8147} FIG. 6 13 a flowchart llustrating an example method for decoding a current
block in accordance with the techniques of this disclosure. The current block may
comprise a current CU. Although described with respect to video decoder 300 (FIGS. 1
and 4}, it should be understood that other devices may be configured to perform a
method similar to that of FIG. 6.

{0148} Video decoder 300 may receive entropy encoded data for the current block, such
as entropy encoded prediction mformation and entropy encoded data for coefficients of

a residual block corresponding to the current block (370). Video decoder 300 may
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entropy decode the entropy encoded data to determine prediction mformation for the
current block and to reproduce coeflicients of the residual block (372). Video decoder
300 may predict the current block (374}, ¢.g., using an inira- or inter-prediction mode as
indicated by the prediction information for the current black, to calculate a prediction
block for the current block. Video decoder 300 may form the prediction block
according to MHP as discussed above, in accordance with the techmiques of this
disclosure. Video decoder 300 may then inverse scan the reproduced coefficients {376),
1o create a block of quantized transform coefficients. Video decoder 300 may then
mverse quantize and inverse transform the guantized transform coefficients to produce a
residual block (378). Video decoder 300 may ultimately decode the cusrent block by
combining the prediction block and the residual block (3803,

[3149] fo this manner, the method of FIG. 6 represents an example of a method of
decoding a current block, inchiding determining that a first weight and a second weight
are specified for a current block of video data that s inter-prediction coded using bi-
prediction mode, whercn the first weight is different than the second weight; in
response to determining that the first weight and the second weight are specified,
determining whether the current block is to be predicted using multi-hyvpothesis
prediction {MHP} mode with the bi-prediction mode as a base mode; in response to
determining that the current block is to be predicted using the MHP mode with the bi-
prediction mode as the base mode, determining an additional inter-prediction mode of
the MHP mods; generating a first prediction block according to the bi-prediction mode;
generating a second prediction block according to the additional inter-prediction mode;
generating a final prediction block for the current block according to the MHP mode
using the first prediction block and the second prediction block; and decoding the
current block using the final prediction block.

{0150} FIG. 7 1s a conceptual diagram lustrating an example of applving bi-prediction
with CU-level weighting (BCW) and multi-hypothesis prediction (MHP) as an
extension of BCW. The example of FIG. 7 is deseribed with respect to video decoder
300 of FIGS. 1 and 4. However, video encoder 200 may be configured to perform these
or stmilar techniques as well,

(61581} hutially, video decoder 300 may form a first bi-prediction (BP) block 402 and a
second bi-prediction block 404, Video decoder 300 may use a first motion vector to
form first bi-prediction block 402 and a second motion vector to form second bi-

prediction block 404, Video decoder 300 may also decode motion information
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representing the first and second motion vectors, ¢.2., according 1o a mode other than
merge mode, such as AMVP. Thus, video decoder 300 may decode, for example,
AMVP candidate indexes identifving neighboring blocks to use as motion vector
predictors, motion vector difference (MVD) values representing differences between the
MVPs and the actual first and second motion vectors, reference picture list identifiers,
and refercnce picture index values identifving reference pictares in the corresponding
reference picture lists. The MVD values may have a particular resolution, such as full
pixel, half pixel, quarter pixel, cighth pixel, or the like.

{6182} Video decoder 300 may further decode data representing weights W 406 and
W2 408, Weights Wi 406 and W) 408 when added together may form a total value of 8.
Video decoder 300 may apply weight W1 406 to samples of first bi-prediction block 402
and weight W2 408 to samples of sccond bi-prediction block 404, That is, video
decoder 300 may multiply weight W1 406 by values of cach of the samples of first bi-
prediction block 402 and weight W2 408 by values of cach of the samples of sccond bi-
prediction block 404, Rather than perfornung explicit multiplication functions, video
decoder 300 may perform bitwise left-shift operations according to the values of the
respective weights, Video decoder 300 may then combine the weighted samples of first
bi~prediction block 402 with the weighted samples of second bi-prediction block 404
and divide the sum for cach of the samples by the total value of the weights, e.g., 8.
Rather than performing an explicit division operation, video decoder 300 may perform a
bitwise right-shift by 3 bits. The resulting block is referred to in FIG. 7 as intermediate
(int.} prediction block 410,

[6153] When weights W) 406 and W2 408 are non-equal {c.g., both W1 406 and W» 408
are not equal to 4), video decoder 300 may determine that moelti-hvpothesis prediction is
to be performed as an extension of BOW. Thus, video decoder 300 may further decode,
from the video bitstream, motion information for an additional inter-prediction mode.
Video decoder 300 may decode the motion information using, ¢ g., AMVP mode or
another non-merge mode. In some examples, video decoder 300 may determine that an
MVD value for the additional inter-prediction mode has the same MVD resolution as
the motion information for the bi-prediction motion information used to form first bi-
prediction block 402 and second bi-prediction block 404, such that no addiional data
need be decoded representing the MVD resolution for the additional inter-prediction
mode. Video decoder 300 may also use the motion information to generate additional

prediction block 412.
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{0184} Video decoder 300 may also decode data representing weighting factor values
WF1 414 and WF: 416, For example, video decoder 300 may decode a weighting factor
ndex value, such as a value for the add_hyp weight 1dx syntax element. Video
decoder 300 may determine the values of WF: 414 and WF:2 416 according to the
weighting factor index value, e.g., using a weighting factor index table. Video decoder
300 may then apply WF1 414 to samples of intermediate prediction block 410 and WE2
416 to samples of additional prediction block 412, Ultimately, video decoder 300 may
combine the weighted values of the samples of intermediate prediction block 410 with
the weighted values of the samples of additional prediction block 412 to generate final
prediction block 418, Video decoder 300 may then use final prediction block 418 to

decode (reconstruct} a corresponding block, e.g., including adding samples of final

[3155] FIG. 8 1s a flowchart illustrating an example method of decoding (e.g.,
reproducing} a current block of video data according to the technigues of this disclosure.
The method of FIG. 8 may be performed by video encoder 200 {during a decoding loop
of the encoding process) or by video decoder 300, For example, the method of FIG. 8
may generally correspond to step 350 of FIG. 5 or step 374 of FIG. 6. For purposes of
example and cxplanation, the method of FIG. § 1s explamed with respect to video
decoder 300

[3156] Imnally, video decoder 300 may generate a fivst prediction block (430 and a
second prediction block (432). For example, video decoder 300 may receive motion
information encoded 1 AMVP mode, including respective motion vector difference
{(MVD) values, AMVP candidate identifiers, reference list identifiers, and reference list
mdexes, as well ag weights to be applied to form a bi-prediction with CU-level
weighting (BCW) block.

{0157} Tn this example, video decoder 300 may determing that the weights are non-
equal values, ¢.g., that both weights are not equal to 4. Thus, video decoder 300 may
determine that multi-hypothesis prediction (MHP) s to be applied as an extension of
BCW. Video decoder 300 may proceed to apply the weights to the first and second

prediction blocks (434}, Video decoder 300 may also combine the first and second
weighted prediction blocks to form an mitermediate prediction block (436) for MHP
{0158} In response to determining that the weights are non-equal, video decoder 300
may decode additional motion information, ¢.g., an AMVP candidate index, an MVD, a

reference list identifier, and a reference hist index, for an additional prediction mode (or
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multiple of such values, if the additional prediction mode is bi-prediction). Video
decoder 300 may then generate an additional prediction block using the additional
motion information {438). Video decoder 300 may further determine weights for the
intermediate prediction block and the additional prediction block. Such weights may be
pre-determined or signaled, ¢.g.. using an index into a weighting factor table. Video
decoder 300 may then apply the weights o the intermediate prediction block and the
additional prediction block (440) and combine the weighted intermediate prediction
block and the weighted additional prediction block to form a final prediction block
(442},

{8159} Ultimately, video decoder 300 may decode the current block using the final
prediction block (444). For example, video decoder 300 may combine samples of the
final prediction block with corresponding samples of a reconstructed residual block,
e.g., as discassed with respect o steps 376380 of FIG. 6. When the method of FIG. 8
is performed by video encoder 204, video encoder 200 may subtract samples of the final
prediction block from corresponding samples of a residual block as discussed with
respect to steps 352-358 of FIG. 5 to encode the current block. Additionally, video
encoder 200 may add the samples of the final prediction block to the corresponding
samples of the current block as discussed with respect to steps 362366 of FIG. Sto
decode the current block.

[#168] In this manner, the method of FIG. § represents an example of a method of
decoding {and/or encoding} a current block, including determining that a first weight
and a second weight are specified for a current block of video data that is mter-
prediction coded using bi-prediction mode, wherein the first weight is different than the
second weight; in response to determining that the first weight and the second weight
are specified, determining whether the current block is to be predicted using multi-
hypothesis prediction {(MHP} mode with the bi-prediction mode as a base mode; in
response to deternuning that the current block is o be predicted using the MHP mode
with the bi-prediction mode as the base mode, determining an additional inter-prediction
mode of the MHP mode; generating a first prediction block according to the bi-
prediction mode; generating a second prediction block according to the additional inter-
prediction mode; generating a final prediction block for the current block according to
the MHP mode using the first prediction block and the second prediction block; and
decoding the current block using the final prediction block.

{8161} Vanous technigues of this disclosure are summarized 1n the following clauses:
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18162} Clause |1 Amcthod of decoding video data, the method comprising: determining
that a current block of data is inter-prediction coded using at least two motion vectors
for which weights are specified and where the at least two motion vectors are coded
using a mode other than merge mode; in response to determining that the weights are
specified, deternuning whether the current block 1s to be predicted using multi-
hypothesis prediction {MHP); in response to determining that the current block is to be
predicted using MHP, forming a prediction block for the current block according to
MHP using the at least two motion vectors; and decoding the current block using the
prediction block.

{8163} Clause 2: The method of clause 1, wherein determining whether the current
block is to be predicted using MHP comprises determining that the current block is to be
predicted using MHP when the weights include a weight value of 4.

{3164} Clause 3. A method of decoding video data, the method comprising: determining
that a current block of data is inter-prediction coded using two or more motion vectors
where the two or more motion vectors are coded using a mode other than merge mode,
the two or more motion vectors including a base motion vector and an additional motion
veotor; determining that a precision for a motion vector difference (MVD) value for the
additional motion vector is equal to a precision for an MVD value for the base motion
vector; fornung a prediction block for the current block according to multi-hypothesis
prediction {MHP) using the two or more motion vectors; and decoding the current block
using the prediction block.

18168} Clause 4. A method comprising the method of any of clauses 1 and 2 and the
method of clause 3.

8166} Clanse 5: The method of any of clauses 3 and 4, further comprising: decoding
data representing the precision for the MV value for the base motion vector; and
inferring the precision for the MVD value for the additional motion vector from the
precision for the MVD value for the base motion vector, without decoding additional
data representing the precision for the MYV D value for the additional motion vector.
18167} Clause 6 A method of decoding video data, the method comprsing: determining
that 3 current block of data is inter-prediction coded using two or more nmotion vectors,
the two or more motion vectors including a base motion vector and an additional motion
vector, decoding data representing a first precision for a motion vector difference
{MVD) value for the additional motion vector; decoding data representing a second

precision for an MVD value for the base motion vector; forming a prediction block for
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motion vectors; and decoding the current block using the prediction block.

{8168} Clanse 7: A method comprising the method of any of clavses 1 and 2 and the
method of clause 6.

{8169} Clause §: A method of decoding video data, the method comprising: determining
that a current block of data 18 inter-prediction coded using two or more sets of motion
information according to multi-hypothesis prediction (MHP}), the first set of motion
information including a first motion vector and first reference picture identifying data
representing a first reference picture to which the first motion vector points; in response
to determining that the carrent block s inter-prediction coded using the two or more sets
of motion information according to MHP, determining that the second set of motion
information includes at least one of a sccond motion vector different than the frst
motion vector or second reference picture identifying data representing a second
refercnce picture different than the first reforence picture; forming a prediction block for
the current block according to multi-hypothesis prediction (MHP) using the two or maore
sets of motion information; and decoding the current bloek using the prediction block.
{86178} Classe 9: A method comprising the method of any of clauses 1-7 and the
method of clause 8.

{0171} Clause 10: A method of decoding video data, the method comprising:
determining that a current block of data s inter-prediction coded using at least one
motion vector; determining that an advanced motion vector resolution {AMVR} for the
at least one motion vector is hatf-huma sample resohution; in response to determining
that the AMVR for the at least one motion vector is the half-hima sample resohution,
determining that the current block is not predicted using multi-hypothesis prediction
{MHP); forming a prediction block for the current block using the at least one motion
vegtor, without using MHP; and decoding the current block using the prediction block,
(8172} Clause 1 A method comprising the method of any of clauses 1-9 and the
method of clanse 10.

16173} Clause 12: A method of decoding video data, the method comprising:
determining that a current block of data is inter-prediction coded using at least one
motion vector having sub-pixel precision; decodmg data representing an interpolation
filter to be used to mterpolate values for sub-pixels of a reference picture; determining
whether the current block is to be predicted using multi-hypothesis prediction (MHP)

according to the data representing the interpolation filter; formung a prediction block for
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the current block using the at least one motion vector; and decoding the current block
using the prediction block.

(8174} Classe 13: A method comprising the method of any of clauses 1-11 and the
method of clause 12.

[8175] Clause 14: The method of any of clauses 12 and 13, wheremn determining
whether the current block is to be predicted using MHP comprises: determining whether
the interpolation filter assigns more weights to a first sample of the reference picture
than to a second sample of the reference picture; and whea the mterpolation filter
assigns more weights (o the first sample of the reference picture than to the second
sample of the reference picture, determining that the current block is to be predicted
using MHP.

[8176] Clause 15: A method of decoding video data, the method comprnising:
determining that a current block of data is inter-prediction coded using two or more sets
of motion information according to multi-hypothesis prediction {MHP), the first set of
raotion mformation including a first reference index and the second set of motion
mformation including a second reference wndex; determining a first motion vector
prediction candidate list according to the first reference mdex; decoding a first motion
vector of the first set of motion information using the first motion vector prediction
candidate list; deternuning a second motion vector prediction candidate list according to
the second reference index; decoding a second motion vector of the second set of
motion information using the second motion vector prediction candidate list; forming a
prediction block for the current block according to multi-hypothesis prediction (MHP)
using the first motion vector and the second motion vector; and decoding the current
block using the prediction block.

[6177} Claose 16 A method comprising the methad of any of clauses 1-14 and the
method of clause 15,

{0178} Clause 17: A method of decoding video data, the method compnising:
determining that a current block of data 15 inter-prediction coded using two or more
motion vectors according to multi-hypothests prediction (MHP); forming a prediction
block for the current block according to mulii-hypothesis prediction (MHP) using the
two or more motion vectors, comprising: forming a first intermediate prediction block
using a first motion vector of the two or more motion vectors; forming a second
intermediate prediction block using a second motion vector of the two or more motion

vectors; determining a weight to apply to the second ntermediate prediction block, the
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weight comprising one of 1/4, -1/, or 1/2; and combining the first intermediate
prediction block and the second intermediate prediction block using the weight to form
the prediction block; and decoding the current block asing the prediction block.

{6179} Clause 18: A method comprising the methad of any of clauses 1-16 and the
method of clause 17.

{3180} Clause 19: The method of any of clauses 17 and 18, wherein determining the
weight to apply to the second mmtermediate prediction block comprises: decoding a value
for an add_hyp weight idx syntax element; when the value for the

add_hyp weight idx syntax clement 1s 0, determining that the weight comprnses 1/4;
when the value for the add hvp weight idx syntax element &5 1, determining that the
ts 2, determining that the weight comprises 1/2.

{8181} Clause 20: The method of any of clauses 119, further comprising encoding the
current block prior to decoding the corrent block.

16182} Clause 21: A device for decoding video data, the device comprising one or more
roeans for performing the method of any of clauses 1-20.

{6183} Clavse 22: The device of clause 21, wherein the one or more means comprise
ong or more processors implemented in circuitry.

{0184} Clause 23: The device of clause 21, further comprising a display configured to
display the decoded video data.

{3185} Clause 24: The device of clause 21, wherein the device comprises one or more
of a camera, a computer, a mobile device, a broadcast recetver device, or a set-top box.
{6186} Clause 25: The device of clause 21, further comprising a memory configured to
store the video data.

{6187} Clause 26: A computer-readable storage medium having stored thereon
instructions that, when executed, cause a processor of a device for decoding video data
to perform the method of any of clauses 1-20.

{8188} Clause 27: A device for decoding video data, the device comprising: means for
determining that a current block of data is inter-prediction coded using at least two
raotion vectors for which weights are specified and where the at least two motion
vectors are coded using a mode other than merge mode; means for determining, in
response to determining that the weights are specified, whether the current block is to be
predicted using multt-hypothesis prediction (MHP); means for forming, in response to

determining that the current block 18 to be predicted nsing MHE a prediction block for
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the current block according to MHP using the at least two motion vectors; and means
for decoding the current block using the prediction block.

{8189} Clanse 28: A device for decoding video data, the device comprising: means for
determining that a current block of data is inter-prediction coded using two or more
motion vectors where the two or niore motion vectors are coded using a mode other than
merge mode, the two or more motion vectors inchuding a base motion vector and an
additional motion vector; means for determining that a precision for a motion vector
difference (MVD) value for the additional motion vector is equal 1o a precision for an
MVD value for the base motion vector; means for forming a prediction block for the
current block according to multi-hvpothesis prediction {MHP) using the two or more
motion vectors; and means for decoding the current block using the prediction block.
[8196] Clause 29: A device for decoding video data, the device comprising: means for
determining that a current block of data is inter-prediction coded using two or more
motion vectors, the two or more motion vectors including a base motion vector and an
addttional motion vector; means for decoding data representing a first precision for a
motion vector difference (MVD) value for the additional motion vector; eans for
decoding data representing a second precision for an MVD value for the base motion
veetor; rcans for forming a prediction block for the carrent block according to multi-
hypothesis prediction (MHP) using the two or more motion vectors; and means for
decoding the current block using the prediction block.

{3121} Clause 30: A device for decoding video data, the device comprising: means for
deternuning that a current block of data is inter-prediction coded using two or more sots
of motion information according to multi-hypothesis prediction (MHP), the first set of
motion information inchiding a first motion vector and first reference picture identifving
data represending a first reference picture to which the first motion vector points; means
for determining, i response to determining that the current block 1s mter-prediction
coded using the two or more sets of motion information according to MHP that the
second set of motion information includes at least one of a second motion vector
different than the first motion vector or second reference picture identitying data
representing a sccond reference picture different than the first reference picture; means
for forming a prediction block for the current block according to multi-lypothesis
prediction {MHP} using the two or more sets of motion information; and means for

decoding the current block using the prediction block.
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18192} Clause 31: A device for decoding video data, the device comprising: means for
determining that a current block of data is inter-prediction coded using at least one
motion vector, means for determining that an advanced motion vector resolution
{AMVR) for the at least one motion vector is half-luma sample resolution; means for
determining, in response to determining that the AMVR. for the at least one motion
vector is the half-luma sample resolution, that the current block is not predicted using
multi-hypothesis prediction {MHP); means for forming a prediction block for the
current block using the at least one motion vector, without using MHP; and means for
decoding the current block using the prediction block.

{8193} Clause 32: A device for decoding video data, the device comprising: means for
determining that a current block of data is inter-prediction coded using at feast one
motion vector having sub-pixel precision; means for decoding data representing an
mterpolation filier to be used {o interpolate valaes for sub-pixels of a reference picture;
means for determining whether the current block is to be predicted using multi-
hypothesis prediction (MHP) according to the data representing the unterpolation filter;
roeans for forming a prediction block for the current block using the at least one motion
veetor: and means for decoding the current block using the prediction Block.

{8194} Clause 33: A device for decoding video data, the device comprising: means for
determining that a current block of data s inter-prediction coded using two or more sets
of motion information according to multi-hvpothesis prediction (MHP), the first set of
motion mformation including a first reference index and the second set of motion
information including a second reference index; means for determining a first motion
vector prediction candidate Hist according to the first reference index; means for
decoding a first motion vector of the first set of motion information using the first
motion vector prediction candidate list; means for determining a second motion vector
prediction candidate list according to the second reference index; means for decoding a
second motion vector of the second set of motion information using the second motion
vector prediction candidate Hst; means for forming a prediction block for the carrent
block according to multi-hypothesis prediction {MHP) using the first motion vector and
the sccond motion vector; and means for decoding the current block using the prediction
block.

18195} Clause 34 A device for decoding video data, the device comprising: means for
determiung that a current block of data is inter-prediction coded using two or more

motion vectors according to multi-hypothesis prediction (MHP); means for forming a
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prediction block for the current block according to multi-hypothesis prediction {MHP)
using the two or more motion vectors, comprising: means for formung a first
imtermediate prediction block using a first motion vector of the two or more motion
vectors; means for forming a second intermediate prediction block using a second
motion vector of the two or more motion vectors; means for determining a weight 1o
apply to the second intermediate prediction block, the weight comprising one of 1/4, -
178, or 1/2; and means for combining the first mtermediate prediction block and the
second intermedsate prediction block using the weight to forr the prediction block; and
means for decoding the current block using the prediction block.

{8196} Clause 35 A mcethod of decoding video data, the method comprising:
determining that a first weight and a second weight are specified for a current block of
video data that is inter-prediction coded using bi-prediction mode, wherein the first
weight is different than the second weight; in response to determining that the first
weight and the second weight are spectfied, determining whether the current block is to
be predicted using nulti-hypothesis prediction {(MHP) mode with the bi-prediction
moode as a base mode; i response to determuning that the current block s to be
predicted using the MHP mode with the bi-prediction mode as the base mode,
determining an additional inter-prediction made of the MHP mode; generating a first
prediction block according to the bi-prediction mode; generating a second prediction
block according to the additional inter-prediction mode; generating a final prediction
block for the current block according to the MHP mode osing the first prediction block
and the second prediction block; and decoding the current block using the final
prediction block.

(8197} Clapse 36: The method of clause 35, wherein determining whether the current
black is to be predicted using MHP comprises determining that the current block is to
be predicted using MHP when the first weight s not equal to 4 and the second weight is
not equal 1o 4.

{8198} Clause 37: The method of clause 33, wherein determining whether the current
block is to be predicted using MHP comprises determining that the current block is to
be predicied using MHP when the first weight 1s not equal to the second weight.

{61991 Clause 38: The method of clause 35, further comprising: decoding a first motion
vector using advanced motion vector prediction (AMVE) mode for the bi-prediction
mode; decoding a second motion vector using the AMVP mode for the bi-prediction

mode; and decoding a third motion vector for the additional mier-prediction mode,
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wherein generating the first prediction block comprises: gencrating a first unenmediate
prediction block using the first motion vector, generating a second intermediate
prediction block using the second motion vector, applying the first weight to the first
intermediate prediction block to form a first weighted intermediate prediction block,
applying the second weight to the second utermediate prediction block to form a sccond
weighted intermediate prediction block, and combining the first weighted intermediate
prediction block with the second weighted intermediate prediction block to form the
first prediction block, and wherein generating the second prediction block comprises
generating the second prediction block using the third motion vector,

(02081 Clavse 39 The method of clause 38, further comprising: decoding data
representing a motion vector difference (MVD) resolution for the first motion vector
and the second motion vector; and determining that the third motion vector has the
MVD resolution without decoding additional data representative of the MVD resolution
for the third motion vector.

10201} Clause 40: The method of clause 35, wherein generating the final prediction
block comprises: determining a third weight and a fourth weight for the MHP mode;
applying the third weight to the first prediction block to form a first weighted prediction
block: applying the fourth weight to the second prediction block to form: a second
weighted prediction block; and combining the first weighted prediction block with the
second weighted prediction block to form the final prediction block.

{8202} Clause 41: The method of clause 40, wherein determuining the third weight
comprises: decoding an index value; and determining the third weight to which the
mdex value is mapped m a mapping table, and wherein determining the fourth weight
comprises caleulating the fourth weight as one minus the third weight.

[6203} Claose 42 The method of clause 35, further comprising encoding the current
block using the final prediction block prior to decoding the current block.

{8204} Clause 43: A device for decoding video data, the device comprising: a memory
configured to store video data; and one or more processors implemented in circuitry and
configured to: determine that a first weight and a second weight are specified fora
current block of video data that is inter-prediction coded using bi-prediction mode,
wherein the first weight is different than the second weight; in response to determining
that the first weight and the second weight are specified, determine whether the current
black is to be predicted using multi-hyvpothesis prediction (MHP) mode with the bi-

prediction mode as a base mode; n response to deternuning that the current block 1s to
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be predicied using the MHP mode with the bi-prediction mode as the base mode,
determine an additional mter-prediction mode of the MHP mode; generate a first
prediction block according to the bi-prediction mode; generate a second prediction
block according to the additional inter-prediction mode; generate a final prediction
black for the current block according to the MHP mode using the furst prediction block
and the sccond prediction block: and decode the current block using the final prediction
block.

162685} Clause 44: The device of clause 43, wherein to determine whether the current
block is to be predicted using MHP, the one or more processors are configured to
determine that the carrent block is to be predicted using MHP when the first weight is
not equal to 4 and the second weight is not equal to 4.

[8206] Clause 45: The device of clause 43, wheren to determine whether the current
block is to be predicted using MHP, the one or more processors are configured to
determine that the current block is to be predicted using MHP when the first weight is
not equal to the second weight.

(82471 Clause 46: The device of clause 43, wherein the one or more processors are
further configured to: decode a first motion vector using advanced motion vector
prediction {AMVP} mode for the bi-prediction mode; decode a second motion vector
using the AMVP mode for the bi-prediction mode; and decode a third motion vector for
the additional imter-prediction mode, wherein to generate the first prediction block, the
one or more processors are configured to: generate a first intermediate prediction block
using the first motion vector, generate a second intermediate prediction block using the
second motion vector, apply the first weight to the first intermediate prediction block to
form a first weighted intermediate prediction block, apply the second weight to the
second intermediate prediction block to form a second weighted mtermediate prediction
block, and combine the first weighted udermediate prediction block with the second
weighted intermediate prediction block to form the first prediction block, and wherein to
generate the sccond prediction block, the one or more processors are configured to
generate the second prediction block using the third motion vector.

10208} Clause 47 The device of clause 46, wherein the one or more processors are
further configured to: decode data representing a motion vector difference (MVD)
resolution for the first motion vector and the second motion vector; and determine that
the third motion vector has the MVD resolution without decoding additional data

representative of the MVD resolution for the third motion vector.
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10209} Clause 48: The device of clause 43, wherein to generate the final prediction
block, the one or more processors are configured to: determine a third weight and a
fourth weight for the MHP mode; apply the third weight to the first prediction block to
form a first weighted prediction block; apply the fourth weight to the second prediction
black to form a second weighted prediction block; and combine the first weighted
prediction block with the second weighted prediction block to form the final prediction
block.

16210} Clause 49: The device of clause 48, whercin to determune the third weight, the
one or More processors are configured to: decode an index value; and determine the
third weight to which the index value is mapped in a mapping table, and wherein to
determine the fourth weight, the one or more processors are configured to calculate the
fourth weight as one minus the third weight.

(8211} Clause 50: The device of claase 43, wherein the one or more processors are
configured to encode the current block using the final prediction block prior to decoding
the current block.

(6212} Clause 51: The device of clause 43, further comprising a display configured to
display the decoded video data.

{6213} Clause 52: The deovice of clause 43, wherein the device comprises one or more
of a camera, a computer, a mobile device, a broadcast receiver device, or a set-top box.
{68214} Clause 53. A computer-readable storage medium having stored thercon
mstrictions that, when executed, cause a processor to: determine that a fivst weight and
a sccond weight are specified for a current block of video data that is inter-prediction
coded using bi-prediction mode, wherein the first weight is different than the second
weight; in response to determining that the first weight and the second weight are
specified, determine whether the current block is to be predicted using multi-hypothesis
prediction {MHP) mode with the bi-prediction mode as a base mode; in response to
determining that the current block 1s to be predicted using the MHP mode with the bi-
prediction niode as the base mode, determine an additional inter-prediction mode of the
MHP mode; generate a first prediction block according to the bi-prediction mode;
generate a second prediction block according to the additional inter-prediction mode;
generate a final prediction block for the current block according to the MHP mode using
the first prediction block and the second prediction block; and decode the current block

using the final prediction block.



WO 2022/140160 PCT/US2021/063856

18218} Clause 54: The computer-readable storage medium of clause 53, wherein the
instructions that cause the processor to determine whether the current block s to be
predicted using MHP comprises mstroctions that canse the processor to determine that
the carrent block is to be predicted using MHP when the first weight is not equal to 4
and the second weight is not equal to 4.

8216} Clause 55 The computer-readable storage medium of clause 53, wheren the
instructions that cause the processor to determine whether the current block is to be
predicted using MHP comprise mstructions that cause the processor to determine that
the current block is to be predicted using MHP when the first weight is not equal 1o the
second weight.

16217} Clause 56; The computer-readable storage medium of clause 53, further
comprising mstructions that cause the processor to: decode a first motion vector using
advanced motion vector prediction (AMVYP} mode for the bi-prediction mode; decode a
second motion vector using the AMVP mode for the bi-prediction mode; and decode a
third motion vector for the additional ider-prediction mode, wherein the instructions
that cause the processor to generate the first prediction block comprise instructions that
cause the processor 1o generate a first intermediate prediction block using the first
motion vector, generate a second intermediate prediction block using the second motion
veetor, apply the first weight to the first intermediate prediction block to form a first
weighted intermediate prediction block, apply the second weight to the second
mtermediate prediction block to form a second weighted intermediate prediction block,
and combine the first weighted intermediate prediction block with the second weighted
mtermediate prediction block to form the first prediction block, and wherein the
mstractions that canse the processor to generate the second prediction block comprise
instructions that cause the processor to generate the second prediction block using the
third motion vector.

{8218} Clause 57: The compuier-readable storage medinm of clause 56, further
comprising nstructions that cause the processor to: decode data representing a motion
vector difference (MVD) resohution for the first motion vector and the second motion
vector; and deternune that the third motion vector has the MVD resclution without
decoding additional data representative of the MVD resolution for the third motion
veLtor.

{6219} Clause 58: The computer-readable storage medium of clause 53, wherem the

instructions that cause the processor to generate the final prediction block comprise
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instructions that cause the processor to; determine a third weight and a fourth weight for
the MHP mode; apply the third weight to the first prediction block to form a first
weighted prediction block; apply the fourth weight to the second prediction block to
form a second weighted prediction block: and combine the first weighted prediction
block with the second weighted prediction block to form the final prediction block.
18228} Clause 59: The computer-readable storage medium of clause 58, wheren the
instructions that cause the processor to determine the third weight comprise instructions
that cause the processor to: decode an index value; and deternune the third weight to
which the index value 1s mapped in a mapping table, and wherein the mstructions that
cause the processor to determine the fourth weight comprise instructions that cause the
processor to calculate the fourth weight as one minus the third weight.

{8221} Clause 60: The computer-readable storage medium of clause 53, further
comprising instructions that cause the processor to encode the corrent block using the
final prediction block prior to decoding the current block.

10222} Clause 61: A device for decoding video data, the device comprising: means for
determining that a first weight and a second weight are specified for a current block of
video data that is inter-prediction coded using bi-prediction mode, wherein the first
weight s different than the sccond weight; means for determining whether the current
black is to be predicted using multi-hvpothesis prediction (MHP) mode with the bi-
prediction mode as a base mode in response to determinmng that the first weight and the
second weight are specified; means for determining an additional inter-prediction mode
of the MHP mode n response to determining that the current block is to be predicted
using the MHP mode with the bi-prediction mode as the base mode; means for
generating a first prediction block according to the bi-prediction mode; means for
generating a second prediction block according to the additional inter-prediction made;
means for generating a final prediction block for the current block according to the
MHP mode vsing the first prediction block and the second prediction block; and means
for decoding the current block using the final prediction block.

10223} Clause 62: The device of clause 61, wherein the means for determining whether
the current block is to be predicted using MHP comprises means for determining that
the current block is to be predicted using MHP when the first weight is not equal to 4
and the second weight is not equal to 4.

{0224} Clause 63: The device of clause 61, wherein the means for determuning whether

the current block 18 to be predicted using MHP comprises means for determining that
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the current block is to be predicted using MHP when the first weight 15 not equal to the
second weight,

{8225} Clanse 64 The device of clause 61, further comprising: means for decoding a
first motion vector using advanced motion vector prediction (AMVP) mode for the bi-
prediction mode; means for decoding a sccond motion vector using the AMVP mode for
the bi-prediction mode; and means for decoding a third motion vector for the additional
inter-prediction mode, wherein the means for generating the first prediction block
comprises: means for gencrating a first ntermediate prediction block using the first
motion vector, means for generating a second intermediate prediction block using the
second motion vector, means for applying the first weight to the first intermediate
prediction block to form a first weighted mtermediate prediction block, means for
applying the second weight to the second utermediate prediction block to form a second
weighted intermediate prediction block, and means for combining the first weighted
intermediate prediction block with the sccond weighted intermediate prediction block to
form the first prediction block, and wherein the means for generating the sccond
prediction block comprises means for generating the second prediction block using the
third motion vector.

8226} Clause 65: The deovice of clause 64, further comprising: means for decoding data
representing a motion vector difference (MY resolution for the first motion vector
and the second motion vector; and means for determining that the third motion vector
has the MVD resolution without decoding additional data representative of the MVD
resolution for the third motion vector.

{6227} Clause 66: The device of clause 61, wherein the means for generating the final
prediction block comprises: means for determining a third weight and a fourth weight
for the MHP mode; means for applying the third weight to the first prediction block to
form a first weighted prediction block; means for applving the fourth weight to the
second prediction block to form a second weighted prediction block; and means for
combining the first weighted prediction block with the second weighted prediction
block to form the final prediction block.

10228} Clause 67 The device of clause 66, wherein the means for determining the thud
weight comprises: means for decoding an index value; and means for determuning the
third weight to which the index value is mapped in a mapping table, and wherein the
means for determining the fourth weight comprises means for calculating the fowth

weight as one minus the third weight.
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18225} Clause 68: The device of clause 61, further comprising means for encoding the
current block using the final prediction block prior to decoding the current block.
(62381 Clanse 69 A method of decoding video data, the method comprising:
determining that a first weight and a second weight are specitied for a current block of
video data that is inter-prediction coded using bi-prediction mode, wherein the furst
weight is different than the sccond weight; in response to determining that the first
weight and the second weight are specified, determining whether the current block s to
be predicted using vwlti-hypothesis prediction (MHP) mode with the bi-prediction
mode as a base mode; i response to determining that the current block is 1o be
predicted using the MHP mode with the bi-prediction mode as the base mode,
determining an additional inter-prediction mode of the MHP mode; generating a first
prediction block according to the bi-prediction mode; generating a second prediction
block according to the additional inter-prediction mode; generating a final prediction
block for the current block according to the MHP mode using the first prediction block
and the second prediction block; and decoding the current block using the final
prediction block.

{8231} Clavse 70: The method of clause 69, wherein determining whether the current
block is to be predicted using MHP comprises determining that the corrent block is to
be predicted using MHEP when the first weight s not equal to 4 and the second weight is
not equal 1o 4.

[8232} Clause 71: The method of clause 69, wherein determining whether the current
block is to be predicted using MHP comprises determining that the current block is to
be predicted using MHP when the first weight is not equal 1o the second weight.

(82331 Clapse 72: The method of any of clauses 6971, further comprising: decoding a
first motion vector using advanced motion vector prediction (AMVP) mode for the bi-
prediction mode; decoding a second motion vector using the AMVP mode for the bi-
prediction mode; and decoding a third motion vector for the additional inter-prediction
mode, wherein generating the first prediction block comprises: generating a first
intermediate prediction block using the first motion vector, gencrafing a second
intermediate prediction block using the second motion vector, applying the first weight
1o the first intermediate prediction block to form a first weighted intermediate prediction
block, applyving the second weight to the second intermediate prediction block to form a
second weighted intermediate prediction block, and combining the furst weighted

infermediate prediction block with the second weighted intermediate prediction block to
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form the first prediction block, and wherein gencrating the second prediction block
comprises generating the second prediction block using the third motion vector.

(8234} Clanse 73 The method of clause 72, further comprising: decoding data
representing a motion vector difference (MV D) resolution for the first motion vector
and the second motion vector; and determuning that the third motion vector has the
MVD resolution without decoding additional data representative of the MVYD resclation
for the third motion vector.

16238} Clause 74 The method of any of clauses 69-73, wherein generating the final
prediction block comprises: determining a third weight and a fourth weight for the MHP
mode; applying the third weight to the first prediction block to form a first weighted
prediction block; applyng the fourth weight to the second prediction block to form a
sccond weighted prediction block; and combining the first weighted prediction block
with the second weighted prediction biock to form the final prediction block.

18236} Clause 75 The method of clause 74, whercin deternmining the third weight
comprises: decoding an index value; and determining the third weight to which the
fndex value is mapped in a mapping table, and wherein determining the fourth weight
comprises caleulating the fourth weight as one minus the third weight.

8237} Clause 76: The method of any of clauses 6973, further comprising encoding the
current block using the final prediction block prior to decoding the current block.

[68238] Clause 77: A device for decoding video data, the device comprising: a memory
configured to store video data; and one or more processors implemented in circuitry and
configured to: determine that a first weight and a second weight are specified fora
current block of video data that 1s inter-prediction coded using bi-prediction mode,
wherein the first weight is different than the second weight; in response to determining
that the first weight and the second weight are specified, determine whether the current
block 1s to be predicted using multi-hypothesis prediction {MHP) mode with the bi-
prediction mode as a base mode; in response 1o determining that the current block is to
be predicted using the MHP mode with the bi-prediction mode as the base mode,
determine an additional inter-prediction mode of the MHP mode; generate a first
prediction block according to the bi-prediction raode; generate a second prediction
block according to the additional inter-prediction mode; generate a final prediction
block for the current block according to the MHP mode using the first prediction block
and the second prediction block; and decode the current block using the final prediction

block.
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10239} Clause 78 The device of clause 77, wherein to determine whether the current
block is to be predicted using MHP, the one or more processors are configured to
determine that the carrent block is to be predicted using MHP when the first weight is
not equal to 4 and the second weight is not equal to 4.

10240} Clause 79 The device of clause 77, wherein to determine whether the current
block is to be predicted using MHP, the one or more processors are configured to
determine that the current block is to be predicted using MHP when the first weight is
not cqual to the second weight.

{6241} Clanse 80: The device of any of clauses 77-79, wherein the one or more
processors are further configured to: decode a first motion vector using advanced
motion vector prediction {(AMVP) mode for the bi-prediction mode; decode a second
motion vector using the AMVYP mode for the bi-prediction mode; and decode a third
motion vector for the additional inter-prediction mode, wherein to generate the first
prediction block, the one or more processors are configured to: generate a first
intermediate prediction block using the first motion vector, generate a second
mtermediate prediction block using the second motion vector, apply the first weight to
the first intermediate prediction block to form a first weighted intermediate prediction
block, apply the second weight to the second mtermediate prediction block to form a
second weighted intermediate prediction block, and combine the first weighted
mtermediate prediction block with the second weighted intermediate prediction block to
form the first prediction block, and wherein to generate the second prediction block, the
one or more processors are configured to generate the second prediction block using the
third motion vector.

(82421 Clapse 81 The device of clause 80, wherein the one or more processors are
further configured to: decode data representing a motion vector difference (MVD)
resolution for the first motion vector and the second motion vector; and determine that
the third motion vector has the MVD resohution without decoding additional data
representative of the MVD resolution for the third motion vector.

106243} Clause 82: The device of any of clauses 77-81, wherein to generate the final
prediction block, the one or more processors are configured to: determinge a third weight
and a fourth weight for the MHP mode; apply the third weight to the first prediction
block to form a first weighted prediction block; apply the fourth weight to the second

prediction block to form a second weighted prediction block; and combine the first
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weighted prediction block with the second weighted prediction block to form the final
prediction block.

(8244} Clanse 83 The device of clause 82, wherein to determine the third weight, the
ong or more processors are configured to! decode an index value; and determine the
third weight to which the index value 1s mapped in a mapping table, and wherein to
determine the fourth weight, the one or more processors are configured to calculate the
fourth weight as one minus the third weight.

16248} Clause 84: The device of any of clauses 77-83, wherein the one or more
processors are configured to encode the current block using the final prediction block
prior to decoding the current block.

18246} Clavse 85 The device of any of clauses 77-84, further comprising a display
configured to display the decoded video data.

{8247} Clause 86: The device of any of clauses 7785, wherein the device comprises
one or more of a camera, a computer, a mobile device, a broadeast receiver device, or a
set-top box.

{6248} Clanse 87: A computer-readable storage medium having stored thereon
mstractions that, when executed, cause a processor to: determing that a first wetght and
a sccond weight are specified for a current block of video data that is mter-prediction
coded using bi-prediction mode, wherein the first weight is different than the second
weight; in response to determining that the first weight and the second weight are
specified, determine whether the carrent block is to be predicted using multi-hypothesis
prediction {MHP) mode with the bi-prediction mode as a base mode; in response to
determining that the current block is to be predicted using the MHP mode with the bi-
prediction mode as the base mode, determine an additional inter-prediction mode of the
MHP mode; generate a first prediction block according to the bi-prediction mode;
gencrate a second prediction block according to the additional inter-prediction mode;
generate a final prediction block for the current block according to the MHP mode using
the first prediction block and the second prediction block; and decode the current block
using the final prediction block.

10245} Clause 88: The computer-readable storage medium of clause 87, wheren the
mstructions that cause the processor to determine whether the current block is to be
predicted using MHP comprises instructions that cause the processor to determine that
the current block is to be predicted using MHP when the first weight is not equal to 4

and the second weight is not equal to 4.
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1623868} Clause 89: The computer-readable storage medium of clause 87, wherein the
instructions that cause the processor to determine whether the current block s to be
predicted using MHP comprise instructions that canse the processor to determine that
the carrent block is to be predicted using MHP when the first weight is not equal to the
sccond weight.

168251} Clause 90: The compuicr-readable storage medium of any of clauscs 87-89,
further comprising instructions that cause the processor to: decode a first motion vector
using advanced motion vector prediction {AMVP) made for the bi-prediction mode;
decode a second motion vector using the AMVP mode for the bi-prediction mode; and
decode a third motion vector for the additional inter-prediction mode, wherein the
instructions that cause the processor to gencrate the first prediction block comprise
instructions that cause the processor to: generate a first nermediate prediction block
using the first motion vector, generate a second mtermediate prediction block using the
second motion vector, apply the first weight to the first intermediate prediction block to
form a first weighted intermediate prediction block, apply the second weight to the
second intermediate prediction block to form a second weighted mtermediate prediction
block, and combine the first weighted intermediate prediction block with the second
weighted intermediate prediction block to form the first prediction block, and wherein
the instructions that cause the processor to generate the second prediction block
comprise instructions that cause the processor to generate the second prediction block
using the third motion vector.

18252} Clause 91: The computer-readable storage medium of clause 90, further
compnsing instructions that cause the processor to: decode data representing a motion
vector difference (MY resclation for the first motion vector and the second motion
vector; and determine that the third motion vector has the MVD resohution without
decoding additional data representative of the MVD resolution for the third motion
vector.

{8253} Clause 92 The compuiter-readable storage medium of any of clauses §87-91,
wherein the instructions that cause the processor to generate the final prediction block
comprise mstructions that cause the processor to; deternuine a third weight and a fourth
weight for the MHP mode; apply the third weight to the first prediction block to form a
first weighted prediction block; apply the fourth weight to the second prediction block
to form a second weighted prediction block; and combine the first weighted prediction

block with the second weighted prediction block to form the final prediction block.
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18234} Clause 93: The computer-readable storage medium of clause 92, wherein the
instructions that cause the processor to determine the third weight comprise instructions
that cause the processor to: decode an index value: and determine the third weight to
which the index value is mapped in a mapping table, and wherein the instructions that
cause the processor to determine the fourth weight comprise instructions that cause the
processor to caleulate the fourth weight as one minas the third weight.

1682585} Clause 94: The computer-readable storage medium of any of clauses §7-93,
further comprising nstructions that cause the processor to encode the current block
using the final prediction block prior to decoding the current block.

{8256} Clause 95: A device for decoding video data, the device comprising: means for
determining that a first weight and a second weight are specified for a current block of
video data that is inter-prediction coded using bi-prediction mode, wherein the first
weight is different than the second weight; means for determining whether the current
block is to be predicted using multi-hypothesis prediction {MHP} mode with the bi-
prediction mode as a base mode in response to determining that the first weight and the
second weight are specified; means for determining an additional inter-prediction mode
of the MHP mode 1n response to determuning that the current block ts to be predicted
using the MHP mode with the bi-prediction mode as the base mode; means for
generating a first prediction block according to the bi-prediction mode: means for
generating a second prediction block according to the additional inter-prediction mode;
means for generating a final prediction block for the current block according to the
MHP mode using the first prediction block and the second prediction block: and means
for decoding the current block using the final prediction block.

(8257} Clapse 96: The device of clause 95, wherein the means for determining whether
the current block is to be predicted using MHP comprises means for determining that
the current block is to be predicted using MHP when the first weight is not equal to 4
and the second weight is not cqual to 4.

{8258} Clause 97: The device of clanse 95, wherein the means for determining whether
the current block is to be predicted using MHP comprises means for determining that
the current block is to be predicted using MHP when the first weight s not equal to the
second weight,

(8259} Clause 98: The device of any of clauses 95-97, further comprising: means for
decoding a first motion vector using advanced motion vector prediction (AMVP) mode

for the bi-prediction mode; means for decoding a second motion vector using the
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AMVP mode for the bi-prediction mode; and means for decodmg a third motion vector
for the additional inter-prediction mode, wherein the means for generating the first
prediction block comprises: means for generating a first mtermediate prediction block
using the first motion vector, means for generating a second intermediate prediction
block using the second motion vector, maeans for applving the first weight to the first
intermediate prediction block o form a first weighted intermediate prediction block,
means for applving the second weight to the second intermediate prediction block to
form a sccond weighted intermediate prediction block, and means for combining the
first weighted intermediate prediction block with the sccond weighted intermediate
prediction block to form the first prediction block, and wherein the means for generating
the second prediction block comprises means for generating the second prediction block
using the third motion vector,

{8268} Clause 99: The device of claase 98, further comprising: means for decoding data
representing a motion vector difference {(MVD) resolution for the first motion vector
and the second motion vector: and means for deternuning that the third motion vector
has the MV D resolution without decoding additional data representative of the MVD
resolution for the third motion vector.

18261} Clause 100: The device of any of clauses 9599, wherein the means for
generating the final prediction block comprises: means for determining a third weight
and a fourth weight for the MHP mode; means for applving the third weight to the first
prediction block to form a first weighted prediction block; means for applying the fourth
weight to the second prediction block to form a second weighted prediction block; and
means for combining the first weighted prediction block with the second weighted
prediction block to form the final prediction block.

§6262} Claose 101 The device of clause 100, wherein the means for determining the
third weight comprises: means for decoding an index value; and means for determining
the third weight to which the index value is mapped in a mapping table, and wherein the
means for determining the fourth weight comprises means for caleulating the fourth
weight as one minus the third weight.

10263} Clause 102: The device any of clauses 95-101, further comprising means for
encoding the current block using the final prediction block prior to decoding the current
block.

{0264} Tt isto be recognized that depending on the example, certain acts or events of

any of the techniques described herein can be performed m a different sequence, may be



WO 2022/140160 PCT/US2021/063856

62

added, merged, or left out altogether {¢.g., not all described acts or events are necessary
for the practice of the technigues). Moreover, 1n certan examples, acts or events may
be performed concurrently, ¢.g., through muldti-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

{8265} 1o one or more exarnples, the functions described may be implomented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted cver as one or more instructions or code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transter of a computer program from ong place to
another, ¢.g., according to a communication protocol. In this manner, computer-
readable media gencrally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2} a communication mediom such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
OnE OF MOTS COMPUESTS OF ONC OF MOTS Processors to retrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may mchude a computer-readable medinn.

{0266} By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage deviees, flash memory, or any other medium that
can be used to store desired program code in the form of mstructions or data structures
and that can be accessed by a computer. Also, any connection is properly teomed a
computer-readable mednmm. For example, f instractions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line {DSL), or wircless tochunologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies sach as infrared, radio, and microwave are incladed in the defimtion of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transttory
media, but are instead directed to non-transitory, tangible storage media. Dhsk and disc,
as used berein, includes compact dise (D), laser disc, optical disc, digital versatile disc

{(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
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while discs reproduce data optically with lasers, Combinations of the above should also
be included within the scope of computer-readable media.

(8267} Instructions may be exccoted by one or more processors, such as one or more
digital signal processors {(2SPs), general purpose microprocessors, application specific
integrated cucuits (ASICs), field programmable gate arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the terms “processor” and
“processing circuitry,” as used herein may refer to any of the foregoing structures or any
other structure surtable for implomentation of the techuiques described hewein, To
addition, 1n some aspects, the functionality desceribed herein may be provided within
dedicated hardware and/or software modules configured for encoding and decoding, or
incorporated in a combined codec. Also, the techniques could be fully implemented in
one or more circuits or logic elements.

{3268} The techniques of this disclosure may be implemented in a wide vanety of
devices or apparatuses, including a wireless handset, an integrated circait (I0) or a set of
ICs {e.g., a chip set}. Various components, modules, or untts are described 1a this
disclosure to eMHPasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessartly require realization by different hardware
units. Rather, as described above, various units may be combined m a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable sotbware and/or fumware.
{3269} Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS

1 A method of decoding video data, the method comprising:

determining that a first weight and a second weight are specified for a current
block of video data that s inter-prediction coded using bi-prediction mode, wherein the
first weight is different than the second weight;

m response to determining that the first weight and the second weight are
specified, determning whether the current block 1s to be predicted using multi~
hypothesis prediction (MHP) mode with the bi-prediction mode as a base mode;

i response to determining that the current block is to be predicted using the
MHP mode with the bi-prediction mode as the base mode, determining an additional
mier-prediction mode of the MHP mode;

gencrating a first prediction block according to the bi-prediction mode;

senerating a second prediction block according to the additional inter-prediction
mode;

generating a final prediction block for the current block according to the MHP
mode vsing the first prediction block and the second prediction block; and

decoding the current block using the final prediction block.

s

2. The method of claim |, wherein deternuning whether the current block is to be
predicted using MHP comprises determining that the current block is to be predicted
using MHP when the first weight 1s not equal to 4 and the second weight is not egual to
4.

3. The method of claim 1, wherein determining whether the carrent block is to be
predicted using MHP comprises determining that the current block is to be predicted

using MHP when the first weight is not egual to the second weight.
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4. The method of claim 1, further comprising:
decoding a first motion vector using advanced motion vector prediction {AMVP)
maode for the bi-prediction mode;
decoding a second motion vector using the AMYP mode for the bi-prediction
mode; and
decoding a third motion vector for the additional inter-prediction mode,
wherein generating the first prediction block comprises:
gencrating a first urermediate prediction block using the fust motion
vector,
generating a second intermediate prediction block using the second
motion vector,
applying the first weight to the first intermediate prediction block to form
a first weighted intermediate prediction block,
applying the second weight to the second mtermediate prediction block
to form a second weighted intermediate prediction block, and
combining the first weighted mtermediate prediction block with the
second weighted intermediate prediction block to form the first prediction block,
and
wherein generating the second prediction block comprises generating the second

prediction block using the third motion vector.

5. The method of claim 4, further comprising:

decoding data representing a motion vector difference (MVD) resolution for the
first motion vector and the second motion vector; and

deteruining that the third motion vector has the MVD resolution without
decoding additional data representative of the MVD resolution for the third motion

vector.
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6. The method of claim i, whercin generating the final prediction block comprises:

determining a third weight and a fourth weight for the MHP mode;

applying the third weight to the first prediction block to form a first weighted
prediction block;

applying the fourth weight to the second prediction block to form a second
weighted prediction block; and

combining the first weighted prediction block with the second weighted

prediction block to form the final prediction block.

7. The method of claim 6,
wherein determining the third weight comprises:
decoding an index value; and
determining the third weight to which the index value s mapped in a
mapping table, and
wherein determining the fourth weight comprises calculating the fourth weight

as onc minus the third weight.

& The method of claim 1, further comprising encoding the carrent block using the

final prediction block prior to decoding the current block.

8. A device for decoding video data, the device comprising:
amemory configured to store video data; and
one or mare processors vnplemented m circuitry and configured to:
determine that a first weight and a second weight are specified fora
current block of video data that is inter-prediction coded using bi-prediction
mode, wherein the first weight is different than the second weight;
in response to determining that the first weight and the sccond weight are
specified, determine whether the current block is to be predicied wsing multi-
hypothesis prediction (MHF)} mode with the bi-prediction mode as a base mode;
n response o determuning that the current block 15 to be predicted using
the MHP mode with the bi-prediction mode as the base mode, determine an
additional inter-prediction mode of the MHP mode;
generate a first prediction block according to the bi-prediction maode;
senerate a second prediction block according to the additional inter-

prediction mode;
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generate a final prediction block for the current block according to the
MHP mode using the first prediction block and the second prediction block: and

decode the current block using the final prediction block.

14 The device of claim 9, wherein to determine whether the current block 18 to be
predicted using MHP, the one or more processors are configured to determine that the
current block 1s to be predicted using MHP when the first weight is not equal to 4 and

the second weight 1s not equal to 4.

11 The device of claim ©, wherein to deternune whether the current block 1s to be
predicted asing MHP, the one or more processors are configured to determine that the
current block 18 to be predicted using MHP when the first weight is not equal to the

second weight.

12, The device of claim 9, wherein the one or more processors are further
configured to:
decode a first motion vector using advanced motion vector prediction {AMVP}
mode for the bi-prediction made;
decode a second motion vector using the AMVP mode for the bi-prediction
mode; and
decode a third motion vector for the additional inter-prediction mode,
wherein to gencrate the first prediction block, the one or more processors are
configured to:
generate a first intermediate prediction block using the first motion
vector,
generate a second intermediate prediction block using the sccond motion
veetor,
apply the first weight to the first intermediate prediction block to form a
first weighted mtermediate prediction block,
apply the second weight to the second intermediate prediction block to
form a second weighted intermediate prediction block, and
combine the first weighted intermediate prediction block with the second
weighted imtermediate prediction block to form the first prediction block, and
wherein to generate the second prediction block, the one or more processors are

configured to generate the second prediction block using the third motion vector.
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13, The device of claim 12, wherein the one or more processors are further
contigured to:

decode data representing a motion vector difference (MVD) resolation for the
first motion vector and the second motion vector; and

determing that the third motion vector has the MVD resolution without decoding

additional data representative of the MVD resolution for the third motion vector.

14, The device of claim 9, wherein to generate the final prediction block, the one or
more processors are configured fo:

determine a third weight and a fourth weight for the MHP mode;

apply the third weight to the first prediction block to form a first weighted
prediction block;

apply the fourth weight to the second prediction block to form a second
weighted prediction block; and

combine the first weighted prediction block with the second weighted prediction

block to form the final prediction block.

i3, The device of claim 14,
wherein to determine the third weight, the one or more processors are configured
to!
decode an index value: and
determine the third weight to which the index value is mappedin a
mapping table, and
wherein to determine the fourth weight, the one or more processors are

configured to caleulate the fourth weight as one minus the third weight.

16.  The device of claim 9, wherein the one or more processors are configured to
encode the current block using the final prediction block prior to decoding the current

block.

17. The device of claim 9, further comprising a display configured to display the

decoded video data.

18. The device of claim 9, wherein the device comprises one or more of 3 camera, a

compuier, a mobile device, a broadeast receiver device, or a set-top box.
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19, A computer-readable storage medium having stored thercon instructions that,
when executed, cause a processor (o

determine that a first weight and a second weight are specified for a corrent
block of video data that is inter-prediction coded using bi-prediction mode, wherein the
first weight is different than the second weight;

in response to determining that the first weight and the second weight are
specified, determine whether the current block is to be predicted using multi-hypothesis
prediction {MHP) mode with the bi-prediction mode as a base mode;

in response to determinng that the current block 1s to be predicted using the
MHP mode with the bi-prediction mode as the base mode, determine an additional inter-
prediction mode of the MHP made;

generate a first prediction block according to the bi-prediction mode;

generate a second prediction block according to the additional inter-prediction
mode;

zenerate a final prediction block for the current block according to the MHP
mode using the first prediction block and the second prediction block; and

decode the awrrent block using the final prediction block.

20 ¢ computer-readable storage medium of claim 19, wherein the nstructions
that cause the processor to determine whether the current block is to be predicted using
MHP comprises instructions that cause the processor to determine that the current black
18 to be predicted using MHP when the first weight 13 not equal to 4 and the second

weight is not equal to 4.

21 ¢ computer-readable storage medium of claim 19, wherein the mstructions
that cause the processor to determine whether the current block 1s to be predicted using
MHP comprise instructions that cause the processor to determine that the current block

i3 1o be predicted usimg MHP when the first weight is not equal to the second weight.
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22, The computer-readable storage medium of claim 19, further comprising
instructions that cause the processor to:
decode a first motion vector using advanced motion vector prediction (AMVE}
mode for the bi-prediction mode;
decode a second motion vector using the AMVP mode for the bi-prediction
mode; and
decode a third motion vector for the additional inter-prediction mode,
wherein the instructions that cause the processor to generate the fust prediction
block comprise nstructions that cause the processor to:
generate a first infermediate prediction block using the first motion
veotor,
gencrate a second intermediate prediction block using the second motion
vector,
apply the first weight to the first infermediate prediction block to form a
first weighted intermediate prediction block,
apply the sccond weight to the second mtermediate prediction block to
form a sccond weighted intermediate prediction block, and
combine the first weighted intermediate prediction block with the second
weighted intermediate prediction block to form the first prediction block, and
wheren the instructions that canse the processor to generate the second
prediction block comprise instructions that cause the processor to generate the sccond

prediction block using the third motion vector.

23, The computer-readable storage medium of claim 22, further comprising
nstructions that cause the processor to;

decode data representing a ymotion vector difference (MVD) resolution for the
first motion vector and the second motion vector; and

determinge that the third motion vector has the MY D resolution without decoding

additional data representative of the MVD resolution for the third motion vector.
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24.  The computer-readable storage medium of claim 19, wherein the instructions
that cause the processor 1o generate the final prediction block comprise instructions that
cause the processor to

determine a third weight and a fourth weight for the MHP mode:

apply the third weight to the first prediction block to form a first weighted
prediction block;

apply the fourth weight to the second prediction block to form a second
weighted prediction block; and

combine the first weighted prediction block with the second weighted prediction

block to form the final prediction block.

&2
L

The computer-readable storage medium of claim 24,
wherein the instroctions that casse the processor to determine the third weight
comprise mstructions that cause the processor to:
decode an index value: and
determine the third weight to which the index value is mapped ina
mapping table, and
wherein the jnstructions that cause the processor to detcrmine the fourth weight
comprise instructions that cause the processor {o caleulate the fourth weight as one

minus the third weight.

26, The computer-readable storage mediom of claim 19, further comprising
instructions that cause the processor to encode the current block using the final

prediction block prior to decoding the current block.



WO 2022/140160 PCT/US2021/063856

27. A device for decoding video data, the device comprising:

means for determining that a first weight and a second weight are specified fora
current block of video data that 1s inter-prediction coded using bi-prediction mode,
wherein the first weight is different than the second weight;

means for determming whether the current block is to be predicted using multi-
hypothesis prediction {MHP) mode with the bi-prediction mode as a base mode in
response to determining that the first weight and the second weight are specified;

means for determining an additional inter-prediction made of the MHP mode in
response to determining that the current block is o be predicted using the MHP mode
with the bi-prediction mode as the base mode;

means for generating a first prediction block according to the bi-prediction
nade;

means for gencrating a second prediction block according fo the additional inter-
prediction made;

means for gencrating a final prediction block for the current block according to
the MHP mode using the first prediction block and the second prediction block; and

means for decoding the current block using the final prediction block.

28, The device of claim 27, wherein the means for determining whether the current
block is to be predicted using MHP comprises means for determining that the current
block is to be predicted using MHP when the first weight is not equal to 4 and the

second weight is not equal to 4.

29, The device of claim 27, wherein the means for detenmining whether the corrent
block is to be predicted using MHP comprises means for determuining that the current
block is to be predicted using MHP when the first weight is not equal to the second

weight.
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30. The device of claim 27, further comprising:
means for decoding a first motion vector using advanced motion vector
prediction {AMVP)} mode for the bi-prediction mode;
means for decoding a second motion vector using the AMVP mode for the bi-
prediction mode; and
means for decoding a third motion vector for the additional inter-prediction
mode,
whercin the means for gencrating the first prediction block comprises:
means for generating a first intermediate prediction block using the first
motion vector,
means for generating a second intermediate prediction block using the
second motion vector,
means for applying the first weight to the first intermediate prediction
block to form a first weighted intermediate prediction block,
means for applying the second weight to the second intermediate
prediction block to form a second weighted intermediate prediction block, and
means for combining the first weighted intermediate prediction block
with the second weighted infermediate prediction block to form the first
prediction block, and
wherein the means for generating the second prediction block comprises means

for generating the second prediction block using the third motion vector.

3t The device of claim 30, further comprising:

means for decoding data representing a motion vector difference (MVD)
resolution for the first motion vector and the sccond motion vector; and

means for determining that the third motion vector has the MVD resolution
without decoding additional data representative of the MVD resolution for the third

motion vector.
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32, The device of claim 27, wherein the means for generating the final prediction
block comprises:

means for determining a third weight and a fourth weight for the MHP mode;

means for applying the third weight to the first prediction block to form a first
weighted prediction block;

means for applyving the fourth weight to the second prediction block to form a
second weighted prediction block: and

means tor combining the first weighted prediction block with the sccond

weighted prediction block to form the final prediction block.

33 The device of claim 32,
wheren the means for determining the third weight comprises:
means for decoding an index value; and
means for determinung the third weight to which the jndex value is
mapped 1 a mapping table, and
wherein the means for determining the fourth weight comprises means for

calculating the fourth weight as one minus the third weight.

34, Thedevice of claim 27, further comprising means for encoding the current block

using the final prediction block prior to decoding the current block.



