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VECTOR DIFFERENCE CANDIDATE LIST CONSTRUCTION

[0881] This application claims prionty to U.S. Patent Application No. 18/540,046, filed
December 14, 2023, and U.S. Provisional Application No. 63/478,323, filed January 03,
2023, and U.S. Provisional Application No. 63/480.280. filed Januwary 17, 2023, the
cutire contents of which arc hereby incorporated by reference herein. U.S. Patent
Apphication No. 18/540,046, filed December 14, 2023 claims the benefit of US.
Provisional Application No. 63/478,323, filed January 03, 2023 and U.S. Provisional

Application No. 63/480,280, filed January 17, 2023,

TECHNICAL FIELD

16602} This disclosure relates to video encoding and video decoding.

BACKGROUND

16603} Digital video capabilities can be incorporated into a wide range of devices,
mchuding digital televisions, digital direct broadcast systems, wireless broadcast
systems, personal digital assistants (PDAs), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
plavers, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Dngital video devices implement video coding techniques, such as
those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H.265/High Efficiency
Video Coding (HEVC), ITU-T H.266/Versatile Video Coding (VV(), and extensions of
such standards, as well as proprictary video codecs/formats such as AOMedia Video 1
{AV1) that was developed by the Alliance for Open Media. The video devices may
transmit, receive, encode, decode, and/or store digital video information more
efficiently by implementing such video coding techniques.

16604} Video coding technigues include spatial {intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent i video
sequences. For block-based video coding, a video shice {e.g., a video picturc or a
portion of a video picture) may be partitioned into video blocks, which may also be
referred to as coding tree units {CTUs), coding units {CUs) and/or coding nodes. Video

blocks in an mntra~coded (I} slice of a picture are encoded using spatial prediction with
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respect to reference samples in neighboring blocks 1 the same picture. Video blocks in
an inter-coded (P or B} slice of a picture may use spatial prediction with respect to
reference samples in neighboring blocks in the same picture or temporal prediction with
respact to reference samples m other reference pictures. Pictures may be referred to as

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

SUMMARY

{00035} In gencral, this disclosure describes technigues for constructing a vector
difference candidate list (¢.g., block vector difference (BVD) candidate list or motion
vector difference (MVD) candidate list). As described in maore detail, a video coder
{c.g., video encoder or video decoder) may determune a set of vector difference
candidates from which the video coder may construet the vector difference candidate
list. For example, the video coder may use template matching, or some other metric, to
reorder the set of vector difference candidates to construct the vector difference
candidate hist.

10686} Coding gains may be realized with an increase in the granuolarity of distance
hetween vector difference candidates and/or an increase in the number of directions
relative to a vector predictor that are evaluated. However, an increase m granularity and
directions may result in additional vector difference candidates, which in turn increases
the number of calculations for template matching or other such calculations when
constructing the vector difference candidate list.

{0087} This disclosure describes example techniques of constructing the vector
difference candidate list in ways that allow for an inerease in the number of vector
difference candidates, while reducing coding delays from nereased calculations. For
instance, the exampie techniques describe ways for dynamically deternuning which
candidates are evaluated for inclusion in the vector difference candidate list so that there
is a higher likelihood that more desirable candidates are included in the vector
difference candidate list, while mimimizing processing time mnefficiencics. o this
manner, the example techniques provide a practical application for constructing a vector
difference candidate list in a manuer that improves the overall operation of video coding
technigques.

10608} In one exarple, the disclosure describes a method of decoding video data, the

method comprising: determining a vector predictor for a current block of the video data;
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determining a first set of vector difference candidates based on a first pel-interval, the
first pel-interval defining a first distance between consecutive vector difference
candidates in the first set of vector difference candidates starting with the vector
predictor; determining a second sct of vector difference candidates based on the first set
of vector difference candidates and a second pel-interval, the second pel-interval
defining a second distance between consecutive vector difference candidates in the
second set of vector difference candidates, and the second pel-interval being less than
the first pel-interval; constructing a vector difference candidate list based on the second
set of vector difference candidates; determining a vector for the current block based on
the vector predictor and a vector difference from the vector difference candidate list;
and reconstructing the current block based on the vector for the current block.

{0009} In one example, the disclosure describes a device for decoding video data, the
device comprising: one of more memories configured to store the video data; and
processing circuitry coupled to the one or more memeories, the processing circuitry being
countigured to: determune a vector predictor for a current block; determine a fust set of
vector difference candidates based on a first pel-interval, the first pel-interval defining a
first distance between consecutive vector difference candidates in the first set of vector
difference candidates starting with the vector predictor; determine a second set of vector
difference candidates based on the first sct of vector difference candidates and a second
pel-mterval, the second pel-interval defining a second distance between consecutive
vector differenee candidates in the second set of vector difference candidates, and the
second pel-interval being less than the first pel-interval; construct a vector difference
candidate list based on the second set of vector difference candidates; determine a
vector for the current block based on the vector predictor and a vector difference from
the vector difference candidate list; and reconstruct the current block based on the
vector for the current block.

{8016} In one example, the disclosure deseribes a computer-readable storage medium
storing instroctions thereon that when executed cause one or more processors to:
determine a vector predictor for a current block of video data; determing a first set of
vector ditference candidates based on a first pel-interval, the first pel-interval defining a
first distance between consecutive vector difference candidates in the first set of vector
difference candidates starting with the vector predictor; determine a second set of vector
difference candidates based on the first set of vector difference candidates and a second

pel-interval, the second pel-interval defining a second distance between consecutive
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vector difference candidates in the second set of vector difference candidates, and the
second pel-interval being less than the fivst pelyinterval; construct a vector difference
candidate list based on the second set of vector difference candidates; determine a
veetor for the current block based on the vector predictor and a vector difference from
the vector difference candidate list; and reconstruct the current block based on the
vector for the current bock.

10611} In one example, the disclosure describes a device for encoding video data, the
device comprising: one or more memories configured to store the video data; and
processing circuitry coupled to the one or more memonies, the processing circuntry being
configured to: determine a vector predictor for a current block of the video data;
determine a first set of vector difference candidates based on a first pel-interval, the first
pel-imterval defining a first distance between consecutive vector difference candidates in
the first set of vector difference candidates starting with the vector predictor; determing
a second set of vector difference candidates based on the first set of vector difference
candidates and a second pel-interval, the second pel-interval defining a second distance
between consecutive vector difference candidates 1n the second set of vector difference
candidates, and the second pel-interval being less than the first pel-interval; construct a
vector difference candidate list based on the second set of vector difference candidates:
and signal an mdex tnto the vector ditference candidate list for decoding the current
block.

{0012} The details of one or more examples are set forth in the accompanying drawings
and the descrption below. Other features, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

{8613} FIG. 1 15 a block diagram tHustrating an example video encoding and decoding
system that may perform the techniques of this disclosure.

[6014] FIG. 2 1s a block diagram dlustrating an example video encoder that may
perform the technigues of this disclosure.

{8615} FIG. 3 s a block diagram dlustrating an example video decoder that may
perform the technigues of this disclosure.

10616} FIG. 4 15 a flowchart illustrating an example method for encoding a current

block in accordance with the techmigues of this disclosure.
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{0617} FIG. 5 1s a flowchant illustrating an example method for decoding a current
block in accordance with the techmgues of this disclosure.

{0818} FIG. 6 1s a conceptual diagram tllustrating an example of padding candidates for
the replacement of a zero-vector in an mtra~-block copy (IBC) list.

{8019 FIGS. 7TA-7D arc conceptual diagrams tlustrating examples of IBC reference
region depending on current coding unit {CU} position.

10620} FIG. 8 15 a conceptual diagram illustrating an example of a reference area for
IBC with coding tree vntt (CTU) is coded.

{6621} FIG. 915 a conceptual diagram illustrating an example of template and reference
samples of a template in reference pictures.

{8622} FIG. 10 is a conceptual diagram illustrating an example of template and
reference samples for the template for block with sub-block motion using motion
information of the sub-blocks of the current block.

16623} FIG. 11 s a conceptual diagram ilhusteating examples of additional directions
along k¥n/8 diagonal angles.

[6024] FIGS. 12A and 12B are conceptual diagrams illustrating block vector (BV)
adjustment for honizontal flip and vertical flip, respectively.

{8025] FIG. 13 15 a concepiual diagram illustrating a first devivation step for a vector
difference candidate list.

10626} FIG. 14 15 a conceptual diagram iHlustrating a second derivation step for the
vector difference candidate hist.

{6627} FIG. 15 15 a conceptual diagram illustrating a third derivation step for the vector
differcnce candidatoe list.

{0028} FIG. 16 18 a concepiual diagram illustrating a fourth derivation step for the
vector difference candidate list.

{36329} FIG. 17 is a conceptual diagram illustrating an example of an advanced motion
vector prediction (AMVP) process.

{6634 FIG. 18 1s a conceptual diagram ilhustrating another example of the AMVP
process with template search starting from prefix vector.

{0831} FIG. 19 15 a flowchart ilustrating ancther example method for decoding a
current block w accordance with the technigues of this disclosure.

{80332} FIG. 20 s a flowchart tHustrating another example method for encoding a

current block m accordance with the techniques of this disclosure.
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{0633} FIG. 21 15 a flowchart iHustrating an example method of constructing a vector
difference candidate hist.
{0834} FIG. 22 is a flowchart thustrating another example method of constructing a

vector difference candidate list.

DETAILED DESCRIPTION

{0035} In video coding, a video encoder may determine a vector (e.g.. motion vector for
wter-prediction or block vector for intra block copy (IBC} for a current block.
However, rather than signaling information of the vector for the current block, the video
encoder may signal information indicative of a vector predictor (c.g.. such as a vector of
a neighboring block) and a vector difference between the vector of the current block and
the vecior predictor.

{0836} In one or more examples, rather than or in addition to signaling information of
the vector difference, the video encoder and video decoder may construct a vector
difference candidate list. The video encoder may signal and video decoder may receive
an index into the vector difference candidate list. The video decoder may determine the
vector difference based on the index, and determing the vector for the current block
based on the vector difference (e.g., summing the vector difference and the vector
predictor). The video decoder may determine a prediction block based on the
determined vector. The video decoder may also receive, from the video encoder,
residual mformation indicative of a difference between the prediction block and the
current block. The video decoder may reconstruct the current block based on the
prediction block (¢ .g., adding the prediction block and the residual mformation).

10637} In some example technigues, such as in IBC merge mode with block vector
differences (IBC-MBVD) mode, a video encoder and a video decoder construct a vector
difference candidate list (e.g., block vector difference (BVD) list) of eight candidates for
each vector predictor (e.g., block vector predictor (BVP)) using template matching to
rearder a set of vector difference candidates {c.g., 86 vector difference candidates).
{8038 There may be coding efficiency gains by increasing the number of vector
difference candidates (e.g., going from 80 to 1024), such as by moreasing granslarity of
distances between the vector difference candidates and increasing the directions relative
1o the vector predictor that are evaluated. However, such increases also increase the

number of computations. For mstance, if template matching is used, there may be 1024
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template matching (TM) sum of absolute difference (SAD) calculations for cach vector
predictor if there are 1024 vector difference candidates, compared to 80 TM SAD
calculations if there are 80 vector difference candidates.

{6639} This disclosure describes example techniques to add candidates to a subset of
veetor difference candidates, roorder the candidates {e.g., based on template matching)
to derive another subset, and selecting first N number of candidates from the other
subset. In this manner, it may be possible to limit the number of candidates that are
evaluated {(e.g., for cach step there are lmited number of vector candidates 1o evaluate),
while also allowmg for an increase in the granulanty and directions of vector candidates
that are evaluated.

{8646} For example, i IBC-MBVD, in some technigues, a vides encoder and a video
decoder may be configured to use a predefined hist of positions relative to the BVP that
the video encoder and the video decoder evaluate. As an exampie, there may be 80
BYDs that are predefined. The video encoder and video decoder may add sach of the
80 BYDs to a BVP, and for cach resulting BV candidate (c.g., 80 BY candidates), the
video encoder and the video decoder may determine a respective cost value {e.g., using
template matching techniques). The video encoder and video decoder may determine
the & BV Ds that resulted in the lowest cost, and reorder the 8 BVDs from lowest cost to
highest cost to construct a BYD candidate hist.

{8041} However, there may be certam issues with such techmques. For instance,
because the 80 BV Ds are predefined, there may be a BVD that provides better coding
gains that is not evaluated. One way to address this issue 15 fo increase the mumber of
BVDs that are evaluated. However, increasing the number of BVDs that are evaluated
increases computational complexity and delays processing.

{0842} For example, the BV Ds that are evaluated may be defined in terms of “pels” that
defines a number of samples away from the BVP that the video cucoder and the video
decoder evaluate. As an example, a distance of 30-pel may mean that the video encoder
and the video decoder add or subtract 30 {e.g., the BVD 15 50) from the x-coordinate of
the BVP, and determine a BY candidate. The video encoder and the video decoder may
determine a cost value for this BVD. |t may be possible for the video encoder and the
video decoder to evaluate at a gramulanty of $-pel, 2-pel, 3-pel, 4-pel, and so forth.
However, as mentioned above, mereasing the gramularity of the number of BYDs that

are evaluated can be mefficient.
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{8643} This disclosure describes example techniques to construct a vector difference
candidate list based on cost values associated with a first set of vector difference
candidates, and determine a second set of vecior difference candidates based on the first
set of vector difference candidates that are all evaluated for constructing the vector
difference candidate list. In this manuer, the vector difference candidates {c.g., BVDs)
that are evaluated are dynamically determined, and can result in evaluating vector
difference candidates that are hikely to provide coding gains, as compared o examples
where the vector difference candidates are predefined.

{0844} For example, the video encoder and the video decoder may determine a vector
predictor {¢.g., BVP} for a carrent block, and determine a first set of vector difference
candidates based on a first pel-interval. For instance, the first pel-interval may definc a
first distance between consecutive vector difference candidates in the first set of vector
difference candidates starting with the vector predictor. As an example, the video
encoder and the video decoder may evahiate BYDs having values of 4-pel, 8-pel. 12-
pel, 16-pel, and so until a range threshold s satisfied, or a cost threshold is satistied. In
this example, the first pel-interval may be considered as four because four 1s the
distance between the vector difference candidates starting with the vector predictor.
Also, the distance between consecutive vector difference candidates is four {¢.g., 4-pel
to 8-pel 1s 4-pel, 8-pel to 12-pel 1s 4-pel, and so forth).

{8045} The video encoder and the video decoder may add candidates to the first set of
vector difference candidates that are each a set of positions surrounding a position of the
vector predictor and an integer mutdtiple of the first distance away from the vector
predictor. For mstance, the first vector difference candidate in the first set of vector
difference candidates is 4-pel away from the vector predictor, the sccond vector
difference candidate in the first set of vector difference candidates is 2*4-pel {ie.. 8-pel)
away from the vector predictor, the third vector difference candidate in the first set of
vector difference candidates is 3%4-pel (i.e., 12-pel} away from the vector predictor, and
so forth.

168646} The video encoder and the video decoder may determine a second set of vector
difterence candidates based on the tirst set of vector difference candidates and a second
pel-interval. The second pel-interval may define a second distance between consecutive
vector difference candidates in the second set of vector difference candidates. The
sccond pel-mterval may be less than the first pel-interval. For exaraple, if the frst pel-

inferval is 4-pel, the second pel-interval may be 2-pel or less than 2-pel.
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{00647} As an example, the video encoder and the video decoder may include at least a
subset of candidates of the first set of vector difference candidates in the second set of
vector difference candidates, and add candidates between the subset of candidates of the
first set of vector difference candidates based on an intoger multiple of the second
distance. For example, assume two vector difference candidates from the first st of
vector difference candidates are included in the second set of vector difference
candidates. If the second pel-interval 1s 2-pel and the second distance is equal to 2-pel,
then the video encoder and the video decoder may add one more vector difference
candidate between the two difference candidates from the first set of vector difference
candidates to generate the second set of vector difference candidates. H the second pel-
interval is 1-pel and the second distance s equal to I-pel, then the video cncoder and the
video decoder may add three more vector difference candidates between the two
difference candidates from the first set of vector difference candidates to generate the
second set of vector difference candidates.

10648} The video encoder and the video decoder may counstruct a vector difference
candidate list based on the second set of vector difference candidates. As one example,
the vector difference candidate Hist may be equal to the second set of vector difference
candidates, or a culled version of the second set of vector difference candidates. As
another exarnple, the video cucoder and the video decoder may tieratively repeat the
above steps with smaller and smaller pel-intervals (e.g., shorter and shorter distances)
until a pel-interval threshold.

10649} Accordingly, in ong or more examples, such as for IBC-MBVD list derivation
{c.g., the vector difference candidate hist 1s the IBC-MBVD list), the example techniques
allow for adaptive BVD offsets along MBVD directions. For example, the video
encoder and the video decoder may perform a MBVD candidates search is a two-step
algorithm, or possibly more where jterative steps are performed. The video encoder and
the video decoder may start with checking cost values of BVDs added to BVP along
each direction with the mterval of M-pel. The second step of the search checks cost
values for intermediate candidates around the selected candidates from the first step.
vector difference candidate list).

[865¢] The video encoder may signal an index into the vector difference candidate list,
and the video decoder may determamne a vector for the current block based on the vector

predictor and the vector difference deternuned from the index (¢.g., add the vecior
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predictor and the vector difference). The video decoder may then reconstruct the
current block based on the vector for the current block.

{8051} FIG. 1 1s a block diagram illustrating an example video encoding and decoding
system 100 that may perform the techmiques of this disclosure. The techaigues 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, unencoded video, encoded video, decoded {e.g.. reconstrucied) video, and
video metadata, such as signaling data.

{0652} As shown in FIG. [, system 100 includes a source device 102 that provides
encoded video data to be decoded and displaved by a destination device 116, in thus
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 deovice
116 may be or include any of a wide range of devices, such as deskiop computers,
notebook {i.¢, laptop) computers, mobile devices. tablet computers, set-top boxes.
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media plavers, video gaming consoles, video streaming device, broadcast receiver
devices, or the like. In some cases, source device 102 and destination device 116 may
be equipped for wireless conununication, and thus may be referred to as wireless
coramunication devices.

{0053} In the example of FIG. |, source device 102 includes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 inchides
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
vector difference candidate list construction (e.g., motion vector difference (MVD) or
block vector difference (BVD) candidate list construction). Thus, source device 102
represents an example of a video encoding device, while destination device 116
represents an example of a video decoding device. In other examples, a source device
and a destination device may include other components or arrangements. For example,
source device 102 may recetve video data from an external video source, such as an
external camera. Likewise, destination device 116 may iterface with an external
display device, rather than include an integrated display device.

[0054] Systom 100 as shown in FIG. 1 1s merely one example. In general, any digital

video encoding and/or decoding device may perform fechniques for vector difference
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candidate list construction {¢.g., motion vector difference (MVD) or block vector
difference (BVD) candidate list construction). 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 represent examples of coding
devices. in particular, a video encoder and a video decoder, respectively. In some
¢xaraples, source device 102 and destination device 116 may operate in a substantially
symmetrical manner such that cach of source device 102 and destination device 116
inchudes video encoding and decoding components. Hence, system 100 may support
ong~way or two-way video transmission between source device 102 and destination
device 116, e.g., for video streaning, video playback, video broadcasting, or video
telephony.

10655} In genceral, video source 104 represents a source of video data (i.¢., raw,
unencoded video data) and provides a sequeniial serics of pictures {also referred fo as
“frames”) of the video data to video encoder 200, which encodes data for the pictures.
Video source 104 of source device 102 may inclade a video capture device, such asa
video camera. a video archive containing previously captured raw video, and/or a video
feed interface to receive video from a video content provider. As a further altemative,
video source 104 may generate computer graphics-based data as the source video, ora
combination of live vides, 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 pictures from the received order (sometimes
referred to as “display order”) into 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 medium 10 for
reception and/or retrieval by, ¢.g., input interface 122 of destination device 116

{8086] Memory 106 of source device 102 and memory 120 of destination device 116
represent general purpose memories. Inn some examples, memories 106, 120 may store
raw video data, ¢.g., raw video from video source 104 and raw, decoded video data from
video decoder 300, Additionally or altermatively, memories 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, 1t should be understood that video encoder 200
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and video decoder 300 may also include intemal memories for functionally sinular or
equivalent purposes. Furthermore, memornies 106, 120 may store encoded video data,
¢.g., output from video encoder 200 and mput to 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.

{8057} Computer-readable mednon 110 may represent any type of medim or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medm 110 represents a
conununication medium to enable source device 102 to transmit encoded video data
directly to destination device 116 mn real-time, ¢.g., via a radio frequency network or
computer-hased network. Qutput interface 108 may modulate a transmission signal
including the encoded video data, and nput interface 122 may demodulate the received
transmission signal, aceording to a communication standard, such as a wireless
communication protocol. The communication medium may include any wireless or
wired communication mediurn, such as a radio frequency (RF) spectrum or one or more
physical transmission hines. The communication medium 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 Internct. The communication mediom may inchude routers, switches, base
stations, or any other equipment that may be useful to facilitate communication from
source device 102 to destination device 116

{0058] In some examples, source device 102 may outpat encoded data from cutput
interface 108 to storage device 112, Similarly, destination device 116 may access
encoded data from storage device 112 via input interface 122, Storage device 112 may
include any of a variety of distributed or locally accessed data storage media such as a
hard drive, Blu-ray discs, DV Ds, CD-ROMs, flash memory, volatile or non-volatile
memory, ot any other suttable digital storage media for storing encoded video data.
[B038] 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 may access stored video data
from file server 114 via streaming or download.

{6064 File server 114 may be any type of server device capable of stoning encoded
video data and transmitting that encoded video data to the destination device 116. File
server 114 may represent a web server (.., for a website), a server configured to

provide a file transfer protocol service (such as File Transfer Protocol (FTP) or File
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Delivery over Unidirectional Transport (FLUTE) protocol), a content delivery network
{CDN} device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadcast
Multicast Service (MBMS) or Enhanced MBMS (eMBMS) server, and/or a network
attached storage (NAS} device. File server 114 may, additionally or altematively,
toplement one or more HT TP streaming protocols, such as Dynamic Adaptive
Streaming over HTTP (BASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Dynamic Streaming, or the like.

{00661} Destination device 116 may access encoded video data from file server 114
through any standard data connection, mcluding an Internet connection. This may
include a wireless channel (e.g., a Wi-Fi connection}, a wired connection {e.g., digital
subscriber line (DSL), cable modem, ¢tc ), or a combination of both that is suitable for
accessing encoded video data stored on file server 114, Input interface 122 may be
configured to operate according to any onc or more of the various protocols discussed
above for retricving or receiving media data from file server 114, or other such
protocols for retrieving media data.

{6662} Quiput interface 108 and input interface 122 may represent wireless
transmitters/receivers, modems, wired networking components (e.g., Ethemet cards),
wireless communication components that operate according to any of a variety of IEEE
802.11 standards, or other physical components. In examples where output interface
108 and mput mterface 122 include wireless components, output interface 108 and input
wterface 122 may be configured to transfer data, such as encoded video data, according
to a cellular communication standard, such as 4G, 4G-LTE (Long-Term Evolution),
LTE Advanced, 5G, or the ike. In some examples where output interface 108 includes
a wireless transmitter, output interface 108 and mput interface 122 may be configured to
transfer data, such as encoded video data, according to other wireless standards, such as
an IEEE 802.11 specification, an IEEE 802,15 specification {¢.g., ZigBee™), a
Bluetooth™ standard, or the hike. In some examples, source device 102 and/or
destination device 116 may include respective system-on-a-chip (30C) 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 include an SoC device to perform the functionality attributed to video decoder 300
and/or mput interface 122,

[8063] The techoiques of this disclosure may be applied to video coding 1 support of

any of a varietv of multimedia applications, such as over-the-air television broadceasts,
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cable television transnussions, satellite television transmissions, Infernet streaming
video transmussions, such as dynamic adaptive streaming over HTTP (DASH]), digital
video that is encoded onto a data storage medium, decoding of digital video stored on a
data storage medium, or other applications.

{0064} Input interface 122 of destination device 116 receives an encoded video
bitstream from computer-readable medium 110 {¢.g., a communication medium, storage
device 112, file server 114, or the like}). The encoded video bitstream may include
signaling mformation defined by video encoder 200, which 1s also used by video
decoder 300, such as syntax elements having values that describe characteristics and/or
processing of video blocks or other coded umis {e.g., slices, pictures, groups of pictures,
sequences, or the like). Display device 118 displays decoded pictures of the decoded
video data to a user. Pisplay device 118 may represent any of a vanety of display
devices such as a hguid crystal display (LCD), a plasma display, an organic light
emitting diode ({OLED) display. or another type of display device.

16665] Although not shown in FIG. 1, 1o some examples, video encoder 200 and video
decoder 300 may each be mtegrated with an audio encoder and/or audio decoder, and
may imchide appropriate MUX-DEMUX units, or other hardware and/or software, to
handle multiplexed streams including both audio and video in a commeon data stream.
[8066] Video encoder 200 and video decoder 300 cach may be implemented as any of a
variety of suitable encoder and/or decoder ciremitry, such as one or more
microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), tield 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 instructions for the software in a suitable, non-
transitory computer-readable mediom and execute the mstractions in hardware using
one Or Mo processors to perfor the techmiues of this disclosure. Each of video
encoder 200 and video decoder 300 may be mcluded in one or more encoders or
decoders, either of which may be integrated as part of a combined encoder/decoder
{(CODECY n a respective device. A device including video encoder 200 and/or video
decoder 300 may mmplement video encoder 200 and/or video decoder 300 in processing
cireuttry such as an integrated circuit and/or a microprocessor. Such a device may be a
wireless communication device, such as a cellular telephone, or any other type of device

described herein.
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{00667} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as FTU-T H.265, also referred to as High Efficiency Video
Coding (HEVC) or extensions thergto, such as the mudti-view and/or scalable video
coding extensions. Alternatively, video encoder 200 and video decoder 300 may
operate according to other proprietary or industry standards, such as I'TU-T H.266, also
referred to as Versatile Video Coding (VVC). In other examples, video encoder 200
and video decoder 300 may operate according to a proprictary video codec/format, such
as AOMedia Video 1 (AV1), extensions of AV L, and/or successor versions of AV {eg.,
AV2}. Tn other examples, video encoder 200 and video decoder 300 may operate
according to other proprietary formats or industry standards. The technigues of this
disclosure, however, arc not imited to any particular coding standard or format. In
general, video encoder 200 and video decoder 300 may be configured to perform the
techniques of this disclosure in conpunction with any video coding techniques that use
vector difference candidate list construction {¢.g., motion vector difference (MVD) or
block vector difference (BVD) candidate hist construction).

{00668} In general, video encoder 200 and video decoder 300 may perform block-based
coding of pictures. 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 1nclude g two-dimensional matrix of samples of
taminance and/or chrommance data. In general, video encoder 200 and video decoder
300 may code video data represented ina YUV {e.g., Y, Cb, Cr) format. That is, rather
than coding red, green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code luminance and chrominance components, where the
chrominance components may include both red hue and blue hue chrominance
components. In some examples, video encoder 200 converts received RGB formatted
data to a YUV ropresentation prior to encoding, and video decoder 300 converts the
YUV representation to the RGB format. Alfernatively, pre- and post-processing units
{not shown} mayv perform these conversions.

16669} This disclosure may generally refer to coding {e.g., encoding and decoding) of
pictures to nclude the process of encoding or decoding data of the picture. Smularly,
this disclosure may refer to coding of blocks of a picture to mnclude the process of
encoding or decoding data for the blocks, ¢.g., prediction and/or residual coding. An
encoded video bitstream generally meludes a series of values for syntax clements

representative of coding decisions {e.g., coding modes) and partitioning of pictures mnto
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blocks. Thus, references to coding a picture or a block should generally be understood
as coding values for syntax elements forming the picture or block.

{8878} HEVC defines various blocks, mehuding coding anits (CUs), prediction units
{PUs), and transform units {TUs}. According to HEVC, a video coder {such as video
encoder 200) partitions a coding tree unit (CTU) into CUs according to a quadtree
structure. That is, the video coder partitions CTUs and CUs into four equal, non-
overlapping squares, and cach 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 imclude one or more PUs and/or one or more TUs. The video coder yoay
further partition PUs and TUs. For example, im HEVC, 3 restdual quadtree (RQT)
represents partitioning of TUs. In HEVC, PUs represent inter-prediction data, while
TUs represent residual data. CUs that are intra-predicied include intra~prediction
information, such as an intra-mode indication.

18671} As another example, video encoder 200 and video decoder 300 may be
countigured to operate according to VVC. According to VVC, a video coder (such as
video encoder 200) partitions a picture into a plurality of CTUs. Video encoder 200
may partition a CTU according to a tree structure, such as a quadtree-binary tree
{(QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT structure removes
the concepts of nultiple 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 to binary tree
partitioning. A root node of the QTBT structure corresponds to a CTU. Leaf nodes of
the binary trees correspond to Cls.

{8872} In an MTT partitioning structure, blocks may be partitioned using a quaditree
{(QT) partition, a binary tree {B'T) partition, and one or more types of triple tree {TT}
{(also calied tomary tree (TT)) partitions. A triple or tomary tree partition is a partition
where a block is split into three sub-blocks. In some examples, a triple or ternary tree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitioning types in MIT (e.g.. QT, BT, and TT}, may be
symmetrical or asymuetrical.

[6673] When operating according to the AV codec, video encoder 200 and video
decoder 300 may be configured to code video data in blocks. In AV, the largest coding
black that can be processed is called a superblock. Tn AV, a superblock can be cither

128x128 luma samples or 64x64 tuma samples. However, i successor video coding
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formats {e.g., AV2), a superblock may be defined by different (e.g., larger) luma sample
sizes. In some examples, a superblock is the top level of a block guadtree. Video
encoder 200 may further partition a superblock into smaller coding blocks. Video
encoder 200 may partition a superblock and other coding blocks into smaller blocks
using square or nop-square partitioning. Noun-square blocks may include N/2xN,
NxIN/Z, N/4xN, and NxN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on cach of the coding blocks.
{0674} AV1 also defines a tile of video data. A tile 1s a rectangular array of superblocks
that may be coded independently of other tiles. That is, video encoder 200 and video
decoder 300 may encode and decode, respectively, coding blocks within a tile without
using video data from other tiles. However, video encoder 200 and video decoder 300
may perform filterimg across tile boundanes. Tiles may be uniform or non-uniform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder implementations,

{6678} In some examples, video encoder 200 and video decoder 300 may usc a single
QTBT or MTT structure to represent each of the luminance and chrominance
components, while in other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures. such as one QTBT/MTT structure for the
lurninance component and another QTBT/MTT structure for both chrominance
components {or two QTBT/MTT structures for respective chrominance components).
{8076} Video encoder 200 and video decoder 300 may be configured to use quadiree
partitioning, QTBT partitioning, MTT partitioning, superblock partitioning, or other
partitioning structures.

{06771 In some examples, 3 CTU includes a coding tree block (CTB) of luma samples,
two corresponding {'TBs of chroma samaples of a picture that has three sample arrays, or
a CTB of samples of a monochrome picture or a picture that s coded using three
separate color planes and syntax structures used to code the samples. A CTB may be an
NxN block of samples for some vahue of N such that the division of a component o
CTBs is a partitioning. A component is an array or single sample from one of the three
arrays {luma and two chroma) that compose a picture in 4:2:0, 4:2:2, or 4:4:4 color
format or the array or a single sample of the array that compose a picture in
monochrome format. In some examples, a coding block is an MxN block of samples
for some values of M and N such that a division of a CTB o coding blocks is a

partitioning.
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{0678} The blocks (e.g.. CTUs or CUs) may be grouped in various ways i a picture,
As one example, a brick may refer to a rectangular region of CTU rows within a
particular tile in a picture. A tile may be a rectangular region of CTUs within a
particular tile colomn and a particular tile row inn a picture. A tile column refors to a
rectangular region of CTUs having a height equal to the height of the picture and a
width specified by syntax elements (e.g., such as in a picture parameter set). A tile row
refers to a rectangular region of C'TUs having a height specified by syntax elements
{e.g.. such as in a picture paramcicr set) and a width cqual to the width of the picture.
{66791 In some examples, a tile may be partitioned into multiple bricks, cach of which
may inchide one or more CTU rows within the tile. A tile that is not partiioned nto
multiple bricks may also be reforred to as a brick. However, a brick that 15 a true subset
of a tile may not be referred to as atie. The bricks i a picture may also be arranged in
aslice. A slice may be an integer number of bricks of a picture that may be exclustvely
contained in a single network abstraction layer (NAL) unit. In some examples, a slice
includes either a number of complete tiles or only a consecutive scquence of complete
bricks of one tile.

{6088} This disclosure may use “NoxN” and “N by N” 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
16x16 CU will have 16 samples in a vertical direction (v = 16} and 16 samplesin a
horizontal direction (x = 16). Likewise, an NxN CU generally has N samplesina
vertical direction and N samples in a horizontal direction, where N represents a
nonnegative integer value, The samples in a CU may be arranged in rows and columns.
Moreover, CUs need not necessarily have the same namber of samples in the horizontal
direction as in the vertical direction. For example, CUs may include NxM samples,
where M is not necessarily equal to N.

{8081} Video encoder 200 encodes video data for CUs representing prediction and/or
residual information, and other information. The prediction information indicates how
the CU is to be predicted in order o form a prediction block for the CU. The residual
information generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

{8682} To predict a CU, video encoder 200 may generally 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 mira-prediction
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geunerally refers to predicting the CU from previously coded data of the same picture.
To perform mter-prediction, video encoder 200 may generate the prediction block using
one or more motion vectors. Video encoder 200 may generally perform a motion search
to identify a reference block that closely matches the CU, ¢ g, in terms of differences
between the CU and the reference black. Video encoder 200 may caloulate a difference
metric ustng a sum of absolute difference (SAD), sum of squared differences (85D),
mean absolute difference (MAD), mean squared differences (MSD), or other such
differcnce caleulations 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.

[8683] Some examples of VVC also provide an affine motion compensation mode,
which may be considered an inter-prediction mode. In affine motion compensation
mode, video encoder 200 may determine two or more motion vectors that represent non-
transfational motion, such as zoom in or out, rotation, perspective motion, or other
irregular motion fypes.

{6684} 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 directional modes, as well as planar mode and
DC mode. In general, video encoder 200 selects an intra-prediction mode that describes
neighboring samples to a current block {¢.g., a block of a CU) from which to predict
samples of the current block. Such samples may generally be above, above and to the
left, or to the left of the current block in the same picture as the current block, assuming
video encoder 200 codes CTUs and CUs mn raster scan order (Ieft to right, top to
bottom).

{0885} Video encoder 200 encodes data representing the prediction mode for a current
block. For example, for inter-prediction modes, video encoder 200 may cncode data
representing which of the vanious available mter-prediction modes 18 used, as well as
motion mformation for the corresponding mode. For uni-directional or bi-directional
inter-prediction, for example, video encoder 204 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.
[8686] AV includes two general techniques for encoding and decoding a coding block
of video data. The two general tochniques are intra prediction {¢.g., intra frame

prediction or spatial prediction) and inter prediction (e.g., inter frame prediction or
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temporal prediction). In the context of AV 1, when predicting blocks of a current frame
of video data using an intra prediction mode, video encoder 200 and video decoder 300
do not use video data from other frames of video data. For most intra prediction modes,
video encoder 200 encodes blocks of a current frame based on the difference between
sample values in the current block and predicted values generated from reference
samples in the same frame. Video encoder 200 determines predicted values generated
from the reference samples based on the mtra prediction mode.

16687} Following prediction, such as itra-prediction or tder-prediction of a block,
video encoder 200 may calculate residual data for the block. The residual data, such as
a residoal 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 domain. For example,
video encoder 200 may apply a discrete cosine transform (BCT), an integer transform, a
wavelet transform, or a conceptually sumilar transforn 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 transform (MDNSST),
signal dependent transformy, a Karhunen-Loeve transform (KLT), or the like. Video
encoder 200 produces transform coefficients following application of the one or more
transforms.

{8088} As noted above, following any transforms to produce transform coefficients,
video encoder 200 may perform guantization of the transform coefficients,
Quantization generally refers to a process m which transform coefficients are gquantized
to possibly reduce the amount of data used to represent the transform coefficients,
providing further compression. By performing the quantization process, video encoder
200 may reduce the bit depth associated with some or all of the transform coefficients.
For example, video encoder 200 may round an »-bit value down to an m-bit value
during quantization, where n 1s greater than m. In some examples, to perform
guantization, video encoder 200 may perform a bitwise right-shift of the value to be
quantized.

{66891 Following quantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matrix mehuding the
quantized transformo coefficients. The scan may be designed to place higher energy {and

therefore lower frequeney) transtorm coefficients at the front of the vector and to place
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lower energy (and therefore higher frequency) transform coefficients at the back of the
vector. In some examples, video encoder 200 may utilize a predefined scan order to
scan the quantized transform coefficients to produce a senalized vector, and then
entropy encode the quantized transform coefficients of the vector. n other examples,
video encoder 200 may perform an adaptive scan. After scanning the quantized
transtorm coefficients to form the one-dimenstonal vector, video encoder 200 may
entropy encode the one-dimensional vector, ¢.g., according to context-adaptive binary
arithmetic coding (CABAC). Video encoder 200 may also entropy encode values for
syntax elements describing metadata associated with the encoded video data for use by
video decoder 300 in decoding the video data.

{8696} To perform CABAC, video encoder 200 may assign a contoxt within a context
model 1o a symbol to be transmitted. The context may relate to, for example, whether
neighboring values of the svmbol are zero-valued or not. The probability determination
may be based on a context assigned to the symbol.

16691} Video encoder 200 may further generate syrdax data, such as block-based syntax
data, picture-based syntax data, and sequence-based syntax data, to video decoder 300,
¢.g., in a picture header, a block header, a slice header, or other svntax data, such as a
sequence parameter set {SPS), picture parameter set (PPS), or video parameter set
(VPS}. Video decoder 300 may likewise decode such syntax data to deteraune how to
decode corresponding video data.

{8092} In this manner, video encoder 200 may generate a bitstream including encoded
video data, ¢ g., syntax elements describing partitioning of a picture into blocks (e.g.,
CUs) and prediction and/or residual information for the blocks. Ultimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{6893} In general, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decode the encoded video data of the bitstream. For example,
video decoder 300 may decode values for syntax elements of the bitstream using
CABAC n a manner substantially similar to, albett reciprocal to, the CABAC encoding
process of video encoder 200. The syntax elements may define partitioning information
for partitioning of a picture mto CTUs, and partitioning of cach CTU accordingto 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.
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{0694} The residual information may be represented by, for example, quantized
transform coefficients. Video decoder 300 may imverse 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 intcr-prediction}
and related prediction information (¢.g.. motion information for tnter-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.

{80895} This disclosure may generally refer to “signaling” certain information, such as
syntax clements. The term “signaling” may gencrally refer to the communication of
values for syntax elements 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 bitstream. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially i real
ftime, or not in real time, such as might occur when storing syntax elements to storage
device 112 for later retrieval by destination device 116,

{0896} In accordance with one or more examples, this disclosure is related to intra block
copy and mter prediction in video codecs. For instance. the example technigues may be
related to deriving a block vector difference candidate bist for IBC MBVD (merge mode
with block vector difference) mode, IBC AMVP (advanced motion vector prediction)
mode, and derive a motion vector difference candidates list for affine MMVYD {merge
mode with motion vector difference) mode, GEQO {geometric partiton mode) MMVD
mode or MMV for regular merge mode are disclosed.

[8697] The following describes intra-block copy (IBC) merge and advance motion
vector prediction (AMVYP) list construction. The IBC merge/ AMVP list construction
may be performed by video encoder 200 and video decoder 300 as follows. Onlyifan
IBC merge/AMVP candidate 1s valid, it can be inserted into the IBC merge/AMVP
candidate list. Above-right, bottom-left, and above-left spatial candidates and one
paurwise average candidate can be added mto the IBC merge/AMVP candidate list,
Template based adaptive reordering (ARMEC-TM} is applied to IBC merge list.

{6898} The history-based motion vector predictor (HMVP) table size for IBC may be

25, After up to 20 IBC merge candidates are derived with full pruning, the IBC merge
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candidates are reordered together. After reordering, the first 6 candidates with the
lowest template matching costs are selected as the final candidates in the IBC merge list.
{8899} The zero vectors’ candidates to pad the IBC Merge/ AMVP list are replaced with
a sct of BVP candidates located i the IBC reference region. A zero vector s invalid as
a block vector in IBC merge mode, and consequently, 1t 1s discarded as BVP in the IBC
candidate hist.

16190} Three candidates are located on the nearest comers of the reference region, and
three additional candidates are determined in the nmiddle of the three sub-regions (A, B,
and C), whose coordmates are determined by the width, and height of the current block
and the AX and AY parameters, as 1s depicted in FIG. 6. As one example, FIG. 6
ilustrates current block 600 and IBC buffer 602, as well as various parameters used to
construct IBC merge/ AMVP list for current block 600,

{6101} The following describes IBC with template matching, Template Matching (TM)
is used m IBC for both IBC merge mode and IBC AMVP mode. The IBC-TM merge
list is modified compared to the one used by regular IBC merge mode such that the
candidates are selected according to a pruning method with a motion distance between
the candidates as in the regular TM merge mode. The ending zero motion fulfillment is
replaced by motion vectors to the left (+W, (), top (0, -H) and top-ieft (-W, -H}, where
W is the width and H the height of the cument CU.

10192} In the IBC-TM merge mode, the selected candidates are refined with the
Template Matching method prior to the RDG (rate distortion optimization) or decoding
process. The IBC-TM merge mode has been put in competition with the regular IBC
merge mode and a TM-merge tlag 1s signaled.

{8183} In the IBC-TM AMVP mode, up to 3 candidates are selected from the IBC-TM
merge list. Each of those 3 selected candidates are refined using the Template Matching
method and sorted according to their resulting Template Matching cost. Only the 2 first
ones are then considered 1n the motion cstimation process as usual.

{6104} The Template Matching refinement for both IBC-TM merge and AMVP modes
may be based on the IBC motion vectors being constrained (i) to be imteger and {i1)
within a reference region as shown in Errer! Reference source not found. FIGS. TA-
70 for current block 700A-700D, respectively. For mstance, FIGS. TA-7D illustrate
IBC reference region depending on current {U position of current blocks 700A-700D,
respectively. In IBC-TM merge mode, the refinements may be performed at integer

precision, and m IBC-TM AMVP mode, the refinements may be performed cither at
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integer or 4-pel precision depending on the AMVR (adaptive motion vector range}
value. Such a refinement may access only samples without interpolation. In both cases,
the refined motion vectors and the used template in gach refinement step may be based
on the counstraint of the reference region.

{0185} The following describes IBC reference area. The reference area for IBC s
extended to two CTU rows above. FIG. 8 illustrates the reference area for coding CTU
(m.n) 800, In FIG. 8, the hashed blocks illustrate the reference area, and the clear
blocks denote the invalid reference area.

{6106} For CTU (m,n} 800 to be coded, the reference area mcludes CTUs with index
(-2, 02}, (W on-2){0n- 1) (Won-11{0n). . {m.n), where W denotes the maximuom
hornizontal index within the current tile, slice or picture. When the CTU size is 256, the
reference area is imited to one CTU row above. This setting may ensure that for CTU
size being 128 or 256, IBC does not require extra memory. The per-sample block
vector search {or called local search) range may be limited to |- << 1), € >> 2]
horizontally and [-C. C >> 2} vertically to adapt to the reference arca extension, where
C denotes the CTU size.

{6107} The following describes adaptive reordering of merge candidates with template
matching (ARMC-TM). The merge candidates are adaptively reordered with teraplate
matching (TM). The reordermg method 1s applied to regular merge mode, TM merge
mode, and affine merge mode (possibly, excluding the SbTMVP candidate). For the
TM™ merge mode, merge candidates are reordered before the refinement process.

{0198} An mitial merge candidate list is firstly constructed according to a given
checking order, sach as spatial, TMVPs (femporal motion vector predictors), non-
adjacent, HMVPs, pairwise, virtual merge candidates. Then the candidates in the initial
list are divided into several subgroups. For the template matching (TM} merge mode,
adaptive DMVR (decoder side motion vector refinement) mode, cach merge candidate
in the initial list is firstly refined by using TM/multi-pass DMVR. Merge candidates i
each subgroup are reordered to generate a reordered merge candidate hist, and the
reordering is according to cost values based on template matching. Video encoder 200
signals an index of selected merge candidate in the reordered merge candidate hist to
video decoder 300, For simplification, merge candidates in the last but not the first
subgroup may not be reordercd. All the zero candidates from the ARMC reordering

process are excluded during the construction of Merge motion vector candidates list.
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The subgroup size 15 set to 5 for regular merge mode and TM merge mode. The
subgroup size is set to 3 for affine merge mode.

{8109} For cost calculation, the template matching cost of a merge candidate during the
reordering process is measured by the SAD between samples of a teraplate of the
current block and their corresponding reference samples. The template comprises a set
of reconstracted samples neighboring to the current block. Reference samples of the
template are located by the motion mformation of the merge candidate. When a merge
candidate utilizes bi~directional prediction, the reference samples of the template of the
merge candidate are also generated by bi-prediction as shown i FIG. 9.

{8118} In FIG. 9, current picture 900 mchides carrent block 902, The template 503
includes samples in current picture 900 that neighbor current block 902, Reference
block 906 may be a from a reference picture w hist . Template 910 may be samples
neighboring reference block 906. Reference block 904 may be a from a reference
pictare in list 1. Template 908 may be samples neighboring reference black 904
10311} For the refinement of the jnttial merge candidate list, when multi-pass DMVR is
used to denve the refined motion to the mitial merge candidate list only the first pass
(i.c., PU levely of multi-pass DMVR is applied in reordering. When template matching
is used to derive the refined motion, the template size is set equal to 1. Only the above
or left teraplate may be used during the motion refinement of TM when the block is flat
with block width greater than 2 times of height or narrow with height greater than 2
times of width. TM is extended to perform 1/16-pel MVD precision. The first four
merge candidates are reordered with the refined motion in TM merge mode.

{6112} For subblock-based merge candidates with subblock size equal to Wsub x Hsub,
the above template comprises several sub-templates with the size of Wsub ~ 1, and the
left template comprises several sub-templates with the size of 1 = Hsub. As shown in
FiG. 10, the motion information of the subblocks in the first row and the first colunmn of
current block is used to dentve the reference samples of cach sub-template. FIG. 10 uses
the same reference numerals as FIG. 9 reforring to the same blocks.

163113} In the reordering process, a candidate is considered as redundant if the cost
difference between a candidate and its predecessor 15 nferior to a lambda valuc e.g. |D1-
D21 <k, where D1 and D2 are the costs obtained during the first ARMC ordering and &
is the Lagrangian parameter used in the RD {rate distortion) criterion at encoder side.
{6114 An algorithm for reordering mayv be as follows. A video coder (e g, video

encoder 200 or video decoder 300) may determine the miminum cost difference
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between a candidate and a predecessor of the candidate among all candidates in the list.
If the mimmum cost difference 1s superior or equal to %, the list is considered diverse
enough and the reordering stops. If this minimum cost difference is inferior {e.g., less
than} to A, the candidate is considered as redundant and it 1s moved at a further position
in the list. This further position is the first position where the candidate i1s diverse
enough compared 1o its predecessor.

16115} The algonithm may stop afier a finite number of iterations {if the minimum cost
difterence 1s not inferior to 1), This algorithn may be applied to the Regular, TM, BM
and Affine merge modes. A similar algorthm may be applied to the Merge MMVD and
signn MVD prediction methods which also use ARMC for the reordering.

[8116] The valuc of X is sct equal to the X of the rate distortion criterion used to select
the best merge candidate at the encoder side for low delay configuration and to the value
. corresponding to a another QP {quantization parameter} for Random Access
configuration. A set of & values comresponding to each signaled QF offset is provided in
the SPS {sequence parameter set) or 1n the Slice Header for the QF offsets which are not
present in the SPS.

{6117} The ARMC design is also applicable to the AMVP mode wherein the AMVP
candidates are reordered according to the TM cost. For the template matching for
advanced motion vector prediction (TM-AMYP) mode, an tunial AMVP candidate hist
1s constructed, followed by a refinement from TM to construct a refined AMVP
candidate list. In addition, an MVP candidate with a TM cost greater than a threshold,
which is equal to five times of the cost of the first MV P candidate, is skipped. In some
examples, when wrap around motion compensation is enabled, the MV {motion vector}
candidate may be chpped with wrap arcund offset taken into consideration.

{8118} The following describes TM based reordering for MMVD and affine MMVD.
The MMVD offsets are extended for MMVYD and affine MMVD modes. Additional
refinement positions along kxa/8 diagonal angles are added as shown in FIG. 11, thus
increasing the munber of directions from 4 to 16, FIG. 11 shows corrent sample 11040,
and the additional refinement positions, with anchor positions 1102A~1102D. Based on
the SAD cost between the teraplate {one row above and one column left to the current
block) and 1ts reference for each refinement position, all the possible MMVD
refinerent positions {16x6} for cach base candidate are reordered. The top 1/8
refinement positions with the smallest toraplate SAD costs are kept as available

positions, consequently for MMVD mdex coding. The MMVD index is binarized by
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the rice code with the parameter equal to 2. The affine MMV reordering is extended,
n which additional refinement positions along kxn/4 diagonal angles are added. Afier
reordering top 1/2 refinement positions with the smallest template SAD costs are kept.
{63119} The first N motion candidates in the candidate fist before being reordered are
utilized as the base candidates for MMVD and affine MMVD. Nisecqual to 3 for
MMVD, and [1, 3] depending on the neighboring block affine flags for affine MMVD.
Two ways of adding MMVD offsets are allowed, including the “two-side” and ‘one-
side,” depending on whether the offset of the other reference picture list 15 mirrored or
directly set to zevo. The way in which reordering is applied to one block may be
dependent on the TM cost.

[8126] The following describes geometric partition mode {(GPM) (also called GEO with
merge motion vector differences (MMVD)), GPM in VVC is extended by applying
motion vector refinement on top of the existing GPM ani-directional MVs. A flagis
first signalled for a GPM CU, to specify whether this mode is used. if the mode 15 used.
cach geometric partition of a GPM CU can further decide whether to signal MVD or
not. If MVD 1s signalled for a geometrie partition, after a GPM merge candidate is
selected, the motion of the partition is further refined by the signalied MVDs
information. All other procedures are kept the same as m GPM.

{8121} The MVD 15 signaled as a pair of distance and direction, similar as in MMVD,
There are mine candidate distances (Vi-pel, Vo-pel, Tpel, 2-pel, 3-pel, 4-pel, 6-pel, 8-pel,
16-pel}, and eight candidate directions (four horizontal/vertical directions and four
diagonal directions) involved in GPM with MMVD (GPM-MMVD). In addition, when
pic_fpel mmvd enabled flag is equal to 1, the MVD 15 left shifted by 2 as i MMVD,
[8122] The following describes reconstruction-reordered IBC (RR-IBC). A RR-IBC
mode is allowed for IBC coded blocks. When RR-IBC is applied, the samples ina
reconstruction block are flipped according to a flip tyvpe of the current block {e.g.,
current blocks 1200 and 1204 in FIGS. 12A and 128, respectively). At the encoder
side, video encoder 200 may flip the original block before motion search and residaal
calculation, while the prediction block is derived without flipping. At the decoder side,
video decoder 300 may flip the reconstruction block to restore the original block.
{61231 Two fhip methods, horizontal flip and vertical flip, are supported for RR-IBC
coded blocks. A syntax flag is firstly signalled for an IBC AMVP coded block,
indicating whether the reconstruction 1s flipped, and if #t 15 flipped, another flag is

further signaled specifying the flip tvpe. For IBC merge, the flip type 1s inherntted from



WO 2024/147907 PCT/US2023/084380

3
o

neighboring blocks, without symtax signalling. Considening the horizontal or vertical
symmetry, the current block {e.g., current blocks 1200 and 1204 in FIGS. 12A and 2B}
and the reference block {e.g., reference blocks 1202 and 1206 1n FIGS. 12A and 12B)
are normally aligned horizontally or vertically. Therefore, when a borizontal fiip is
applied, the vertical component of the BV (block vector) is not signaled and inferred to
be equal to 0. Similarly, the horizontal component of the BV is not signaled and
inferred to be equal to § when a vertical flip is applied.

16124} To utilize the symmetry property, a fip-aware BV adjustment approach 1s
applied to refine the block vector candidate. For example, as shown in FIGS. 12A and
128, (xnbr, ynbr) and (xour, your) represent the coordinates of the center sample of the
neighboring block and the current block 1200 and 1204, respectively, BVanbr and BVeur
denotes the BV of the neighboring block and the current block, respectively. Instead of
directly inheriting the BV from a neighbornng block, the horizontal component of
BVeur is calculated by adding a motion shift to the horizontal component of BVanbr
(denoted as BVubrh) in case that the neighboring block 1s coded with a hornzoutal flip,
i.e., BVcurh =2(xnbr -xcur) + BVnbrh . Similarly, the vertical component of BVcur is
calculated by adding a motion shift to the vertical component of BVnbr (denoted as
BVabrv) in case that the neighboring block is coded with a vertical flip, 1.e.. BVcury
=2{ynbr -yeur} + BVnbrv.

{8125} The following describes IBC merge mode with block vector differences (IBC-
MBVYD), Affine-MMVD and GPM-MMVD have been adopted to ECM {enhanced
compression model) as an extension of regular MMVD mode. It may be possible to
extend the MMV mode to the IBC merge mode.

[8126] In IBC-MBVD, the distance set is {L-pel, 2-pel, 4-pel, 8-pel, 12-pel, 16-pel, 24~
pel, 32-pel, 40-pel, 48-pel, 36-pel, 64-pel, 72-pel. 80-pel, 88-pel. 96-pel, 104-pel, 112-
pel, 120-pel, 128-pel}, and the BVD directions are two horizontal and two vertical
directions.

{8127} The base candidaies are selected from the first five candidates in the reordered
IBC merge list. Based on the SAD cost betwoen the template {one row above and one
colurn left to the current block) and s reference for cach refinement position, all the
possible MBVD refinement positions {20x4) for each base candidate are reordered. The
top 8 refinement positions with the lowest template SAD costs are kept as available

postitons, consequently for MBVD index coding. The MBVD mdex is binarized by the
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rice code with the parameter equal to 1. An IBC-MBVD coded block may not inherit
flip type from a RR-IBC coded neighbor block.

{8128} FIG. 17 is a conceptual diagram ifhustrating an example of an advanced motion
veetor prediction (AMVYP) process. For coding as part of the AMVP, Table | inchudes
some exanple values.

Table 1.

BVD value 0-1 2-5 6-13 14-29 30-61 | 62-125 126-
253
Prefix s 2 6 14 30 62 126
Suffix bins 1 2 3 4 5 6 7
Suffix values 0-~1 0-3 0-7 0-15 0-31 (-63 0-127

{0129} The AMVF process may be as follows. Block vector (BV) 1s found by the full
search. BVP {(block vector predictor) selected from BVP candidate hist, this list is sorted
as described above with respect to IBC merge/ AMVP hist construction. Block vector
difference {BVD) is calculated in the following way BVD = BV-BVP.

{6130} The BVD signaling may be as follows. Split the BVD wnto prefix and suffix for
cach of the component horizontal and vertical (BVDx = pBVDx-+sBVDx, BVDy =
pBVDy+sBVDy,}. The first five bins of prefix are context coded. The suffix is coded
using a fixed length code, where the length depends on the prefix value.

{4131} There may be certam problems with constructing vector difference candidate
list. For mstance, in current ECM, IBC merge mode with block vector differences
(IBC-MBVD) mode derives a BVD candidates list of 8 candidates for cach block vector
predictor (BVP) by using template match 1o reorder 80 candidates. The 80 candidates
may have a distance to the BVP from a distance set of {1-pel, 2-pel, 4-pel, 8-pel, 12-pel,
16-pel, 24-pel, 32-pel, 40-pel, 48-pel, 36-pel, 64-pel, 72-pel, 80-pel, 88-pel, 96-pel, 104~
pel, 112-pel, 120-pel. 128-pel}, and in two horizontal and two vertical directions. The
distance set may be predefined and prestored. For instance, there are 20 BVPs m the
distance set, multiplied by two horizontal and two vertical directions results in 80
candidates {e.g., 20%2%2).

{0132} For mstance, video encoder 200 and video decoder 300 may be configured to
evaluate cost values {(e.g., TM cost values) for cach of the 80 candidates, and no other

candidates. That is, there may be no dynamic determination of which candidates are
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evaluated for construction of the vector difference candidate list, in some current
techniques.

{8133} Anincrease in the granolarity of distance set and increase the mumber of
directions may increase coding performance in term of BD-rate. However, reordering
all candidates to derive the final BYD candidate list of 8 candidates may resultin
significant coding time increase in both encoder and decoder side. As an example, set
the distance set of 128 values: { L-pel. 2-pel, 3-pel. 4-pel. ... 127-pel, 128-pel } with 4
direction requires 312 TM SAD calculation (e.g.. 128%4) for cach BVP compared 1o 80
THM SAD calculation of current ECM.

{8134} Stated another way, the 80 candidates identified above do not include S-pel, 6-
pel, 7-pel, 9-pel, 10-pel. and many others in either direction, but it may be possible that
such candidates provide relatively good coding gains. To include such candidates, it
may be possible for video encoder 200 and video decoder 300 to evaluate every single
possible candidate. Again, a candidate may be considered as a distance away from the
vector predictor {€.g., BVD of L-pel defines a distance away from the vector predicior,
such as 1-pel away). However, including every single candidate can drastically mncrease
processing time.

{6135} The current ECM supports IBC search range to be 2 times of CTU size.
Accordingly, the maximun offsct of BV set may be mereased to 256-pel. The above
example requires 1024 TM SAD {e.g., 256%4) calculation for each BVP compared to §0
TM SAD calculation of current ECM.

10136} This disclosure describes example techniques to construct a vector difference
candidate list {e.g., a BVD or a MV D candidate list} to achieve a good trade-off in term
of coding performance and coding time. For instance, video encoder 200 and video
decoder 300 may determine a set of vector difference candidates (e.g, asct of BYVD or
MV candidates).

{8137} As an example, the following s deseribed with respect to block vectors, block
vector predictors, and block vector difference candidates. However, the example
technigques may be applicable to block vector or motion vectors. That is, the example
cchuigues with respect to BV (block vector) or BYP (block vector predictor) may be
used with respect to MV (motion vector) or MVP {(motion vector predictor).

{8138} Given a block vector predictor {¢.g.. BYP} of position (horOrg, verOrg), video
encoder 200 and video decoder 300 may construct a BVD candidate list

{bvdCandListN} which has at most N candidates from aset of BVD
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candidates(bvdCandsSet) bv using TM to select the N candidates with miniowm T™
cost. Video encoder 200 may signal an ndex in the bitstream to mdicate which
candidate is used with the BVP for video decoder 300 to derive the final BV of the
current 1BC block.

[8139] In one example, bvdCandsSet is predefined to be a set of positions surrounding
of the BVP position. A predefined set 1s determined by defining directions, maximum
offset along a direction and interval between two candidates along a direction. For
exaraple, one predefined set could be 4 directions of two horizontal and two vertical
directions, maximum offset 256-pel with interval 1-pel between each two BVD
candidates along each direction. In total, there are 256 x 4 = 1024 BVD candidates in
bydCandsSet.

{8146} 1o one cxample, bvdCandsSet 15 all possible positions surrounding of the BVP
position. In this example, 3 BVD candidate has a offset of (horBvd, verBvd), wherein
the value of horBvd is in a value range of { -maxRange, +maxRange }, and the value of
verBvd 15 it a value range of { -maxRange, +maxRange }. The value of maxRange 15
cither a predefined value, e.g., 256 {(as two times of CTU width) or a value that 13
signaled in the bitstream as a high-level syntax value.

[8141] Accordingly. in one or more examples, video encoder 200 and video decader
300 may detemmine the set of vector difference candidates based on a set of positions
surrounding a posttion of the vector predictor. The set of positions may include all
positions surrounding the position of the vector predictor or less than all positions
surrounding the position of the vector predictor. In some examples, video encoder 200
and video decoder 300 may utilize this set of vector difference candidates to construct
the vector difference candidate list.

{0142} In one example, video encoder 200 and video decoder 300 may select a subset of
bvdCandsSet (bvdCandsSubSet) and reorder the subset by using T™, the first N
candidates of bvdCandsSubSet with mintmum TM cost 1s used to derive bvdCandListN,
in this example, the total number of candidates in bvdCandsSet 1s P and the total
number of candidates m bvdCandsSubSet 1s . where N is smaller than @ and Q is
smaller than P. Accordingly, in some examples, video encoder 200 and video decoder
300 may determine a subset of vector difference candidates from the set of vector
difference candidates. In some examples, video encoder 200 and video decoder 300
may utilize this subset of vector difference candidates to construct the vector difference

candidate fist.
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{0143} Video encoder 200 and video decoder 300 may be configured to construct a
vector difference candidate list based on the set of vector difference candidates. For
instance, video encoder 200 and video decoder 300 may derive a candidate hist from a
subsct of a predefined set of BYD candidates.

{6144 As an example, bvdCandsSet {c.g.. a set of vector difference candidates) is a
predefined set of T1 directions, with maximam offset of T2-pel along cach direction,
and interval of T3-pel between each two candidates along cach direction. In this
exarnaple, the total number of candidates P = T1 X T2 + T3,

6345} The derivation (e.g. construction} of bvdCandListN {e.g., a vector difference
candidate list) may be defined as follows. In step 1, video encoder 2060 and video
decoder 300 may compose a subset bvdCandsStep Haoput by selecting a candidate along
cach direction starting at S1-pel and ends at T2-pel, with interval of S1-pel betwee

cach two candidates, ¢.g. { Sl-pel, 2x Sl-pel, 3x Si-pel, 4« Si-pel, ..., T2-pel .
{88146} For example, video encoder 200 and video decoder 300 may defermine a first set
of vector difference candidates based on a first pel-interval {e.g., Si-pel). In this
exaraple, the first pel-interval (e.g.. St-pel) defines a first distance between consecutive
vector difference candidates in the first sot of vector difference candidates starting with
the vector predictor. For instance, if the candidates in the first set of vector difference
candidates 1s S1-pel, 2¥S1-pel, and 3*51-pel, then the distance between Si-pel and
2*¥S1-pel is S1-pel, and the distance between 2*S1-pel and 3%81-pel is also S1-pel, and
so forth. In one or more examples, to determine the first set of vector difference
candidates, video encoder 200 and video decoder 300 may add candidaies to the first set
of vector difference candidates that are cach a set of positions surrounding a position of
the vector predictor and an integer multiple of the first distance away from the vector
predictor. For instance, the integer multiples may be 1, 2, 3, 4, and so forth.

[6147} Video encoder 200 and video decoder 300 may add candidates to the first set of
vector difference candidates until a range threshold is satisfied. For instance, video
encoder 200 and video decoder 300 may keep adding candidates to the first set of vector
difference candidates until a distance away from the vector predictor is equal to T2-pel.
That is, the candidates may be St-pel, 2*¥S1-pel, 3*S1-pel wntil T2-pel.

{6148} Video encoder 200 and video decoder 300 may use T™ o reorder all candidates

candidates that has minimum TM cost. In one or more examples, T3 <81 <T2. The

total number of candidates i bvdCandsStepHnput may be equal to T x T2 + 51 In
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some examples, some candidates in bvdCandsStepnput are not valid BVD, and the
total number of T™ 15 equal or smaller than T1 « T2 + §1. Examples for determining a
valid BVD are deseribed below.

[8149] In step 2, video encoder 200 and video decoder 300 may determine a second set
of vector difference candidates based on the first set of vector difference candidates and
a second pel-interval, The second pel-interval may define a sccond distance between
consecutive vector difference candidates in the second set of vector difference
candidates, and the sccond pel-interval may be less than the first pel-interval. For
instance, in the above example if the first pel-imterval {e.g., St-pel} is 4-pel, the second
pel-interval {e.g., 82-pel) may be less than the first pel-interval (e.g., I-pel, 2-pel, or 3-
pel}.

{8158} For example, in step 2, video encoder 200 and video decoder 300 may compose
a subset bvdCandsSubSetStep2Input by inserting a candidate 1n bvdCandsStep 1 Qutput
{candStep 1 Output) and selecting a candidate with a distance S2-pel to the
candStep 1 Gutput along the direction of the candStep 1Cutput, ¢ 2. { candStep1Cutput —
$2, candStepl Gutput, candStep iQutput + 52} That is, video encoder 200 and video
decader 300 may include at least a subset of candidates of the first set of vector
difference candidates in the second set of vector difference candidates {e.g., one or more
candidates of bvdCandsStep 1 Output may be in the second set of vector difference
candidates). Video encoder 200 and video decoder 300 may add candidates between the
subset of candidates of the first set of vector difference candidates based on an integer
multiple of the second distance. For example, based on above example, if
candStep 1 Output 1s one of the candidates of the first set of vector difference candidates
that 1s also in the second sot of vector difference candidates, then candStepiOutput — 82
and candStepGutput + 32 would be meluded m the second set of vector difference
candidates and would be between two candidates of the first set of vector difference
candidates.

[#151] Video encoder 200 and video decoder 300 may use T™M to reorder all candidates
in bvdCandsStep2input to derive a subset bvdCandsStep2Cutput by selecting first N
candidates that have minimum TM cost. In one or more examples, T3 <82 <51 The
total number of candidates in bvdCandsStepZinput may be equal to N X 3. Similar to
above, some candidates in bvdCandsStep2lnput oay not be vahid BVD, and the total

number of T™M 1s equal or smaller than N = 2.
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16132} In step X, video encoder 200 and video decoder 300 may repeat step 2 by
reducing the distance to S{x)-pel, such as where, T3 < 8{x) < 8<S{x-1). The total
number of candidates in bvdCandsStepXTnput may be equal to N X 3. Video encoder
200 and video decoder 300 may use T™M to reorder all candidates in
bydCandsStepXinput to dertve a subset bvdCandsStep X Output by selecting first N
candidates that has minimumn TM cost. Similar to above, some candidates in
bvdCandsStepXInput may not be valid BVD, and the total number of TM 15 equal or
smaller than N x 2.

{3153} Video encoder 200 and video decoder 300 may ferminate the process when S(x}
is equal to T3 or when a terminate criteria is reached, for example, the TM cost of last
candidate of N candidates is equal or smaller than a threshold {(e.g., a cost threshold}.
The bvdCandListN 1s derived as the last step output subset bvdCandsStepXOuiput.
That is, video encoder 200 and video decoder 300 may add candidates vntil a range
threshold 1s satisfied {¢.g., the distance away from the vector predictor is equal 1o T2-
pel) or until a cost value associated with a candidate satisfies a cost threshold (e.g., the
cost of a candidate is less than or equal to a cost threshold}.

10154} In this manner, to construct the vector differcnce candidate list, video encoder
200 and video decoder 300 may be configured to determine a first subset of the set of
veetor difference candidates based on one of selection of candidates along cach
direction with different pels or selection of candidates along cach direction with
differcnt pels and reordering (¢.g.. such as in the example step 1 described above).
Video encoder 200 and video decoder 300 may repeatedly determine one or more
additional subsets of vector difference candidates by adding candidates at different pel
distances based on a previous subset of the set of vector difference candidates (e.g., such
as in step 2 followed by the terative process through step X described above). o this
example, a final subset of vector difference candidates from additional subsets 1s the
vector difference candidate list.

{01551 As described above, there may be instances where a vector difference candidate
is not valid. In one example, a valid BYD is deternuned by add the BVD to BVP 10
derive a BY and the BY should be i the scarch range of the current block, e g., inside a
pictare boundary and inside a predefined search range of a block vector. In one
exarople, when a BYP 1s derived from a neighbor block, and the neighbor block s
coded with horizontal flip type, a valid BVD has a vertical component value that is

cqual to 0. In one example, when a BYP is derived from a neighbor block, and the
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neighbor block is coded with vertical tlip type, a valid BVD has a horizontal component
value that is equal to 0. In one example, when the current block is determined to be
coded with horizontal flip type, a valid BVD has a vertical component value that is
cqual to 0. In one example, when the current block is determined to be coded with
vertical flip type, a valid BV has a horizontal component value that is equal to 0.
{8156] Accordingly, video encoder 200 and video decoder 300 may be configured to
determine that a vector difference candidate in the vector difference candidate list is
valid based on one or more of the following. Video encoder 200 and video decoder 300
may determine that the vector difference candidate when summed with the vector
predictor results in a hypothetical vector within a search range.

{8157} In a condition where the vector predictor is derived from a neighbor black, and
the neighbor block is coded with horizontal tlip type, video encoder 200 and video
decoder 300 may determine that the vector difference candidate has a vertical
component value that s equal to 0. o a condition where the vector predictor is dertved
from a neighbor block, and the neighbor block is coded with vertical thip type, video
encoder 200 and video decoder 300 may determine that the vector difference candidate
has a horizontal component value that 1S equaal to 0.

{0158} In a condition where the current block is coded with horizontal flip tvpe, video
encoder 200 and video decoder 300 may determine that the vector difference candidate
has a vertical component value that 1s equal to 0. In a condition where the current block
1s coded with vertical fhip type, video encoder 200 and video decoder 300 may
determine that the vector difference candidate has a horizontal component value that is
equal to 0.

{8159} To determine the value of S1-pel, video encoder 200 and video decoder 300 may
determine the value of S1 based on satisfaction of at least one of the following
conditions: T3 <81 <712 and the total nueber of candidates 10 bvdCandsSteptHoput is
equal or greater than N, and/or S| = T3 and the total number of candidates in
bvdCandsSet us equal or smaller than N.

16160} In one example, the value of 81 (e.g., the first pel-interval) is a predefined value,
¢.g.. St isequal to 32, 1o onc example, the value of S1 1s a value that 1s signaled inthe
bitstream as a high-level syntax parameter. In one example, the value of S1 is first
determined to be a value K as a predefined value or a valuc that is signaled in the
bitstream, and the total number of valid BVD candidates in bvdCandsStep Hnput 1s

smaller than N, the value of S1 is then set to a value L, wherein L 15 smaller than K.
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The total number of candidates in bvdCandsStep Hnput is equal or greater than N, In
one example, when the value of S1 15 set to equal to 32 (K}, and the total mumber of
candidates 1 bvdCandsSteplinput 1s smaller than N, video encoder 200 and video
decoder 300 may try to set the value of 51 to be 16, and the total number of candidates
in bvdCandsStep Hinput is smaller than N, video encoder 200 and video decoder 300
may try to set the value of S1 to be 8 (L), and the total number of candidates in
bvdCandsStepnput is greater than N,

{0161} In one example, the total mumber of valid BVD candidates tn bvdCandsSet is
cqual or smaller than N, the value of §1 15 determmed to be equal to T3, and the
bydCandsStep Hnpt 15 all valid candidates in bvdCandsSet.

{6162} In one example, video encoder 200 and video decoder 300 may deternune the
value of 5(x} by the value of S1 and T3, For nstance, the value of S(x) may be 1o the
value range of T3 < §{x3 <81

16163} In one example, the value of S(x} is a function of F(T3, 81} In one example. the
value of S{x} isasctotfvalues: {81/2,851/4,81/8, ... T3 }. In one example, the
value of S1 s equal to 32 and the value of T3 15 equal to |, the value of S{x} is that §2 =
16,53 =8 84 =4 85=72 86=1. Thatis, the first pel-interval, second pel-interval
may define integer distances or fractional distances.

{0164} In one or more examples, video encoder 200 and video decoder 300 may
determine a threshold value TH as a function of current block width and height. When
the N-th selected candidate has a T™ cost that is equal or smaller than TH, the
bvdCandListN derivation process is terminated. In one example. the value of TH s
cqual to 1.

[8165] In onc example, when both the above and left template is available, the value of
TH is equal to F * (width + height). In one example, when the above template is
avatlable, the value of TH 1s equal to F * width. In one example, when the left template
is available, the value of TH 1s equal to F * height. F 1 a factor, width 1s the block
width in pel and height 1s the block height in pel. In any step of the bvdCandListN
derivation {¢.g., construction) process, when the early terminate criteria 1s fulfilled,
video encoder 200 and video decoder 300 may terunate the bvdCandListN denivation
Process.

[8166] Accordingly. in one or more examples, video encoder 200 and video decader
300 may deteomine a threshold size {e.g., TH above) for the set of vector difference

candidates based on block size of the current block. To determine the set of vector
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difference candidates, video encoder 200 and video decader 300 may determune the set
of vector difference candidates until a mumber of vector difference candidates is equal to
the threshold size.

{8167} The following is an example technique for constructing a vector difference
candidate list based on a set of vector difference candidates that video encoder 200 and
video decoder 300 may perform.

10368} In this example, bvdCandsSet is a predefined set of two horizontal and two
vertical directions {T1=4), with a maximum offset is equal to be 256-pel (T2=236), and
interval of 1-pel (T3=1). The total number of candidates 10 bvdCandsSet s cqual to £ =
TIXT2+7T3=4x256-+1=1024.

{0169} The construction of bvdCandListN {(e.g., a vector difference candidate list) s as
follows. In step |, video encoder 200 and video decoder 300 may compose a subset
bvdCandsStep nput by selecting a candidate along each direction starting at &-pel and
ends at 256-pel, with nterval of 8-pel (S1=8) between each two candidates. That is, in
this example, video encoder 200 and video decoder 300 may detenmine a first set of
vector difference candidates based on a first pel-interval (e.g., 8-pel interval}. The first
pel-interval defines a first distance between consecutive vector difference candidates in
the first set of vector difference candidates starting with the vector predictor. For
exarple, along each direction, the candidate distance to the BVP (¢, vector predictor)
ia { 8-pel, 16-pel, 24-pel, 32-pel, ..., 248-pel, 256-pel }.

{83176} For instance, video cuncoder 200 and video decoder 300 may add candidates to
the first set of vector difference candidates (e.g ., bvdCandsStep lnput) that are cach a
set of posttions surrounding a posttion of the vector predictor and an integer multiple of
the first distance away from the vector predictor. For instance, the mteger multiple of
the first distance away from the vector predictor equals 1*8-pel, 2*8-pel (16-pel}, 3%8-
pel (24-pel}, and so forth. In some examples, video encoder 200 and video decoder 300
may add candidates to the first set of vector difference candidates until a range threshold
is satistied (e.g., until a BYD that is 2536-pel away from the BYP) and/oruntil a
candidate of the first set of vector differcnce candidates satisfics a cost threshold {(¢.g., 3
TM cost of a candidate 1s less than or equal to a cost threshold).

{8171} The total number of TM 1s equal or smaller than 71 X T2 + 51 = 4 » 256 +

32 = 32. Video encoder 200 and video decoder 300 may use TM to reorder all

candidates in bvdCandsStep Hnput to dertve a sabset bvdCandsStepGutpat by
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bvdCandsStep 1 Output are {(-36, 0}, (32, 0}, (40, 0}, (48, 0). (0, 48}, (0, -8), (0, 8) and
{0, 16). For example, video encoder 200 and video decoder 300 may determine
respective cost values associated with candidates of the first set of vector difference
candidates, and construct a first subset of vector difference candidates based on the
respective cost values.

{8172} For mstance, in this example, to determine respective cost values associated with
candidates of the first set of vector difference candidates video encoder 204 and video
decoder 300 may determine a first cost value based on temaplate matching between a
reference template for a vector that equals the BVP plus or minus 8-pel (e.g., based on
above and left samples of a block pointed to by the vector) and a tempiate of the cuarent
block {c.g., based on above and left samples of the current block), determine a second
cost value based on template matching between a reference template for a vector that
equals the BVP plas or minus 16-pel and the template of the current block, and so fosth.
Video encoder 200 and video decoder 300 may construct a first subset of vector
difference candidates based on the respective cost values {(e.g., determine the 8 BVDs
with the lowest cost values). One example of the first subset of vector difference
candidates 1s bvdCandsStep 1 Guiput.

{6173} In step 2, video encoder 200 and video decoder 300 may compose a subset
bvdCandsSubSetStepZlnput by wmserting a candidate in bvdCandsStepl Cutput
{candStep 1Output) and selecting a candidate with a distance 4-pel (§2=4} to the
candStep 1 Quiput along the direction of the candStep 1 Cutput. The total number of TM
is equal or smaller than N x 2 = 8 X 2 = 16. Video encoder 200 and video decoder
300 mayv use T™ to reorder all candidates in bvdCandsStep2input to derive a subset
bvdCandsStep20utput by selecting first N=8 candidates that has muvowum T™ cost. In
FIG. 14, the candidates of bvdCandsStep2input are (-60, 0}, (-36, 03, {-532, 0), (28, 0},
(32, 0), {36, 0), (40, 0), (44, 0), (48, 03, (52, 03, (0, -523, (0, -48), (0, -44), (01, -12), (0, -
8). €0, -4}, (0, 4}, (0, 8}, (0,12), (0. 16) and {0, 20). The candidates of

bvdCandsStep2 Cutput are (28, 0), (32, 0), (36, 03, (0, ~123, (0, -8}, (©, -4}, (0, 4} and (0,
&y

16174} For cxample, video cacoder 200 and video decoder 300 may determine a second
set of vector difference candidates (¢ ., bvdCandsStep2 fnput) based on the first set of
vector difference candidates and a second pel-interval. The second pel-interval may
define a second distance between consecutive vector difference candidates in the second

set of vector difference candidates, and the second pel-interval may be less than the first
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pel-nterval. For mstance, in this example, the second pel-interval is 4-pel. Therefore,
there 1s a distance of 4-pel between candidates of the second set of vector difference
candidates {e.g., there 15 a distance of 4-pel between (28,0} and (32,0}, a distance of 4~
pel between (32,0} and (36,0}, and so forth}.

{0175} The second set of vector difference candidates {e.g., bvdCandsSiep2Input) may
inclode at least a subset of candidates of the first set of vector difference candidates
(e.g.. bvdCandsStep1Input or bvdCandsStep 1 Output) in the second set of vector
difference candidates (e.g., bvdCandsSiep2lnput). As one example, (0,-48) is present in
both bvdCandStep lnput or bvdCandStep 1 Qutput {e.g., the first set of vector difference
candidates) and in bvdCandStep2hnput {e.g.. the second set of vector difference
candidates).

{8176} In some examples, video encoder 200 and video decoder 300 may determine
respective cost values assoclated with candidates of the second set of vector difference
candidates {e.g., cost of candidates in bvdCandStep?Toput). Video encoder 200 and
video decoder 300 may construct the vector difference candidate list based on the
respective cost values (e.g., starting with lowest cost to highest cost).

{6177} In examples of a two-step algorithm {o detenmine the vector difference candidate
list, video encoder 200 and video decoder 300 may stop after two-steps. That is, the
vector difference candidate list may be equal to bvdCandSiep20utput. This two-step
algorithm is described in more detail, such as where the second pel-interval s smaller,
aliowing for more gramlarity. However, in some examples, video encoder 200 and
video decoder 300 may proceed with more than a two-step algorithm, and proceed to
iteratively reduce the size of the pel-nterval until a pel-interval threshold is reached.
[8178] The following describes an example of ieratively reducing the size of the pel-
interval to determine the vector difference candidate Hst, with steps 3 and 4. Instep 3,
video encoder 2060 and video decoder 300 may compose a subset
bvdCandsSubSetStep3tnput by inserting a candidate in bvdCandsStep? Cutput
(candStep2Output) and selecting a candidate with a distance 2-pel (§3=2} to the
candStep2 Output along the direction of the candStep2Output. The total number of TM
is equal or smaller than N x 2 = 8 X 2 = 16 Video encoder 200 and video decoder
300 may use TM to reorder all candidates 10 bvdCandsStep3ioput to derive a subset
bvdCandsStep30utput by selecting first N=8 candidates that has mowimum T™ cost. In
FIG. 15, the candidates of bvdCandsStep3Input are (26, 0}, (28, 0}, (30, 0), (32, &), (34,
03, (36, 0}, (38, 0), (0, ~14), (0, ~12), (0, -10}, (0, -8}, (0. -6}, {0, ~4), (0, =23, (0, 2}. (0, 4),
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(0, 6}, (0, 8) and (G, 10}). The candidates of bvdCandsStep2Output are (26, 0}, (28, 0),
{0, -4}, (0, -2}, (0, 23, (0, 4}, {0, 6) and (0, 8}.

{8179} In step 4, video encoder 200 and video decoder 300 may compose a subset
byvdCandsSubSetStepdinput by inserting a candidate in bvdCandsStop3 Output
{candStep3Output) and selecting a candidate with a distance 1-pel (84=1) to the
candStep 1 Ouiput along the direction of the candStep 1Cutput. The total number of TM
is equal or smaller than N X 2 = 8 x 2 = 16. Video encoder 200 and video decoder
300 may use TM to reorder all candidates in bvdCandsStepdinput to derive a subset
bvdCandsStepd Output by selecting first N=8 candidates that has minimum TM cost.
The candidates of bvdCandListN are set as candidates in bvdCandsStep4Output. In FIG,
16, the candidates of bvdCandsStepdinput are (23, G}, (26, 0), (27, 0}, (28, (), {29, (),
{0.-51, (0. -4). €0, -3). (0, -2). (0, -1 (0. 1), (0. 2}, €0, 33, (0, 4). (0, 5}, (0. 6), (0. 7). (0,
8) and €0, 9). The candidates of bvdCandsStepd Gutput (bvdCandListN) are (25, 0), (26,
{1, (27, 0}, €0, -4}, {0, =33, (0, 1}, (B, 3) and (G, 9). That 1s, the vector difference
candidate list may tnclade (25, 0), (26, 0}, (27, (), {0, -4}, €0, -3}, (0, 13, (04, 5} and (G, 9}.
{3180} The following describes examples of deriving candidate list from a subset of a
predefined set of BVD candidates. The example technigues may be a two-step
derivation process {e.g., the two-step algorithm).

{8181} In some examples, the candidate list derivation process is similar to the method
described above. For instance, the first step is same as the method described above with
respect to deviving candidate list form a subset of a predefined set of BVD candidates in
which bvdCandsSet 1s a predefined set of T1 directions, with maximam offsct of T2-pel
along each direction, and mterval of T3-pel between ¢ach of two candidates along each
direction. However, to reduce the process latency, the derivation may be performed m
two steps as follows.

{6182} As step 1, video encoder 200 and video decoder 300 compose a subset
bvdCandsStep Unput by selecting a candidate along cach direction starting at S1-pel and
ends at T2-pel, with mterval of S1-pel between each two candidates, e.g. { S1-pel, 2x
Si-pel, 3= Sl-pel, 4« St-pel, ..., T2-pel }. Video encoder 200 and video decoder 300
may use TM to reorder all candidates in bvdCandsStepHaoput to derive a subscet
bvdCandsStep 1 Output by selecting first N candidates that has muumum TM cost,
where, T3 <81 < T2, The total number of candidates m bvdCandsStepiInput may be

cqualto T1 X T2 + 51, In some cases where it 13 possible that some candidates in
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bvdCandsStep HInput are not valid BVD, the total number of TM is equal or smaller
than TL X T2 + 81 .

{6183} That 15, similar to above, video encoder 200 and video decoder 300 may
determine a first set of vector difference candidates {e.g., bvd{CandSetup lnput) based
on a first pel-interval {e.g.. 51}, The first pel-interval may define a first distance
between consecutive vector difference candidates tn the first set of vector difference
candidates starting with the vector predictor. For instance, video encoder 200 and video
decoder 300 may add candidates to the first set of vector difference candidates {e.g.,
bvdCandSetup Haput) that are each a set of positions sarrounding a position of the
vector predictor {e.g., BVP) and an mteger multiple of the first distance away from the
vector predictor {&.g., S1-pel, 2¥S1-pel, 3*S1-pel, and so forth}. Video encoder 200 and
video decoder 300 may add candidates until a range threshold is satisfied (e.g.. wndil T2-
pel is reached) or may add candidates untd a cost value associated with a candidate of
the first set of vector difference candidates satisfies a cost threshold (e g, cost value 13
less than or equal to cost threshold).

3184} Video encoder 200 and video decoder 300 may determine a second set of vector
difference candidates based on the first sct of vector difference candidates and a second
pel-interval. The second pel-interval may define a second distance befween consecutive
vector difference candidates in the second set of vector difference candidates, and the
second pel-mterval may be less than the first pel-interval. For examaple, video encoder
200 and video decoder 300 may determine respective cost values associated with
candidates of the first set of vector difference candidates, and construct a first subset of
vector difference candidates {¢.g., bvdCandsStepl Output) based on the respective cost
values. Inthis example, video encoder 200 and video decoder 300 may determine the
second set of vector difference candidates based on the first subset of vector difference
candidates.

{0185} As step 2, video encoder 200 and video decoder 300 may compose a subset
bvdCandsSubSetStep? fuput by mnserting a candidate in bvdCandsStepl Gutput
{candStep 1 Gutput) and selecting a candidate with a distance equal or smaller than S2-
pel to the candStep 1 Output along the direction of the candStep1Output, e.g. {

candStep 1 Output — 82, candStep i Cutput — (82 - 1), candStepiOuiput - (82 -2), ...,
candStep 1 Cutput, candStep 1 Output + (82 + 1), candStep1Output + (82 + 2), ..,
candStep 1 Gutput + 82 }. Video encoder 200 and video decoder 300 may use TM to

reorder all candidates in bvdCandsStepZinput to dertve a subset bvdCandsStep2Output
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by selecting first N candidates that bas mimmum TM cost, where, T3 <82 <81, The
total number of candidates in bvdCandsStep2Input isequal to N X (2 x 52+ 1). In
some cases where it i possible that some candidates in bvdCandsStep2Input are not
valid BVD, the total number of TM is equal or smaller than N % (2 x 82}, The
bvdCandListN 1s derived as the last step output subset bvdCandsStep2Output.

{8186} For example, video encoder 200 and video decoder 300 may, to deternune, the
second set of vector difference candidates, include at least a subset of candidates of the
furst set of vector difference candidates in the second set of vector difference candidates
{(e.g., mclode candidates from bvdCandStep2(hitput). Video encoder 200 and video
decoder 300 may add candidates between the subset of candidates of the first set of
vector difference candidates based on an iteger multiple of the second distance. For
instance, the second distance may be 82, 82-4, §2-2, §2-3.

{8187} In this example, the second pel-interval defining a second distance between
consecutive vector difference candidates i the second set of vector difference
candidates may be considered as -pel interval that defines a 1-pel distance.
Approached another way, the second pel-interval may be considered as 52 that defines a
second distance {e.g., 82 — 1, 82 - 2, and so forth). In some examples, video encoder
200 and video decoder 300 may add candidates between the subset of candidates until a
cost value associated with a candidate of the second set of vector difference candidates
satisfies a cost threshold. For instance, in these examples, the second distance is less
than or equal o the second pel-interval (e.g., less than or equal to §2).

{0188} The following i1s an example of list derivation mn two steps. In this example,
bvdCandsSet s a predefined set of two horizontal and two vertical divections {T1=4)},
with a maximum offset is equal to be 256-pel (12256}, and mterval of 1-pel (T3=1}.
The total number of candidates in bvdCandsSetisequalto P =TI X T2+ T3 =

4% 256+1=1024.

16189} The derivation of bvdCandListN may be as follows. As step 1. video encoder
200 and video decoder 300 may compose a subset bvdCandsStep 1 Input by selecting a
candidate along each direction starting at 8~pel and ends at 256-pel, with mterval of 8-
pel (81=8) between each two candidates. Along each direction, the candidate distance
to the BVP is { &-pel, 16-pel, 24-pel, 32-pel, ..., 248-pel, 256-pel }. The total number of
TM is equal or smaller than 71 X T2 + 51 = 4 x 256 + 32 = 32, Video encoder 200
and video decoder 300 may use TM to reorder all candidates s bvdCandsSteplioput to

derive a subset bvdCandsStep i Qutput by selecting first N=8 candidates that has
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minimwum TM™ cost. The candidates of bvdCandsStep i Output are (-36, 0}, (32, 0), (40,
03, (48, 0}, (0, -48}, (0, -8), (0, ) and (0, 16},

{8198} Fornstance, video encoder 204 and video decoder 300 may determine a first set
of vector difference candidates {¢.g., bvdCandsStep Hnput) based on a first pel-interval
{c.g., 8-pel}. The first pel-imterval defining a first distance between consecutive vector
difference candidates in the first set of vector difference candidates starting with the
vector predictor. That is, the BVD for the vector predictor may be considered as (0,0},
and the bvdCandStep | Input start from the vector predictor {e.g., (0.8). (0, 16}, and so
forth, including {8, 0) and (16, 0}} unti} a range threshold s sanisfied (e g, 256-pel}ora
cost threshold is satisfied. For example, video encoder 200 and video decoder 300 may
add candidates to the first set of vector difference candidates that are each a set of
posttions surrounding a posttion of the vector predictor and an integer multiple of the
first distance away from the vector predictor {e.g.. 8-pel, 2*8-pel, 3*8-pel, and so forth).
18191} Video encoder 200 and video decoder 300 may determine respective cost vahies
{¢.g.. TM cost values based on SAD of reference template around reference block
pointed to by a vector and current template around current block) associated with
candidates of the first set of vector difference candidates. Video encoder 200 and video
decoder 300 may construct a first subset of vector difference candidates {e.g..
bvdCandsStep 1Output) based on the respective cost values.

{8192} As step 2, video encoder 200 and video decoder 300 may compose a subsct
bvdCandsSubSetStep2 Input by mserting a candidate in bvdCandsStept Gutput
(candStep1OGutput) and selecting a candidate with a distance equal or smaller than 4-pel
{82=4}) 0 the candStep 1 Gutput along the direction of the candStep 1 Cutput. The total
number of TM is equal or smallerthan N X (4 X 2) = 8 x (4 X 2) = 64. Video
encoder 200 and video decoder 300 may use TM 1o reorder all candidates
bvdCandsStep2Input to dertve a subset bvdCandsStep2 Gutput by selecting first N=8
candidates that has munimure TM cost. The candidates of bvdCandsStepZinput are (-60,
(), (=59, 0), (=538, 0), (=57, 0), (=536, 0), (-35, 0}, (-34, 0}, {-33, 0}, {-52, 0}, (28, 0}, (29, O},
(30, 03, (31, 0), (32, 0), (33. 0), (34, 0), (35, 0}, (36, 0), (37, 0}, {38, 0). (39, 0}, (40, 0},
(41, 0). (42, 0), (43, 0), (44, 0), (45, 0), (46, 1), (47. 0), {48, ), (49, 0y, (30, 0}, (31, 0.
(52, 0. (0, -52). (0, -531). €0, -50). (0, -49). (0, -48), (0, -47). (0, -46). (0, -45). (0, -44).
{0, -12), {0, -11), {0, - 10, {0, -9), (0, -8}, €0, -7), (0, -63, (0, -5, (0, -4}, {0, 4), (0, 5}, €0,
&), (0, 7). €0. 8), (0, 9). (0, 10}, (0, 11y, (0,12), (0, 13). (0, 14}, (0, 15). (0, 163 (0, 17). (O,
183, (4, 19}, and (0, 20). The candidates of bvdCandsStep2Cutput are (28, 0}, (32, G,
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(36, 03, €0, -12). (0, -8). (0, -4, (0, 4) and (0, 8). The candidate of
bvdCandsStep2Output is used as the final candidate Hst bvdCandLigtN,

{8193} For exanmple, video encoder 200 and video decoder 300 may determine a second
set of vector difference candidates {e.g., bvdCandsStep2input) based on the first set of
vector difference candidates (e.g., bvdCandStep Hnput or bvdCandsStep 1 Gutput, where
bvdCandsStep 1 Gutput is based on bvdCandStep Haoput) and 8 second pel-interval. As
one example, video encoder 200 and video decoder 300 may determine respective cost
values associated with candidates of the first set of vector difference candidates, and
construct a first subset of vector difference candidates (e .g., bvdCandsStep 1 Gutput)
based on the respective cost valaes. Video encoder 200 and video decoder 300 may
determine the second set of vector difference candidates {¢.g., bvdCandsStep2 Output}
based on the first subset of vector difference candidates {¢.g., bvdCandsStep 1 Cutput).
{3194} The second pel-imterval may define a second distance between consecutive
vector difference candidates in the second set of vector difference candidates, and the
second pel-interval may be less than the first pel-utterval. For mstance, m the above
example, the sccond pelynterval may be considered as 1-pel that defines a [-pel
distance, or may be considered as 4-pel, where the second distance (¢.g., 1-pel) is less
than or equal o the second pel-interval {e.g.. 4-pel).

[8195] Under cither example, video encoder 200 and video decoder 300 may determine
the second set of vector difference candidates, such as mcluding at least a subset of
candidates {e.g., bvdCandsStep 1Output} of the first set of vector difference candidates
in the second set of vector difference candidates, and adding candidates between the
subset of candidates of the first set of vector difference candidates based on an integer
multiple of the second distance (e.g., 1-pel, 2% 1-pel, 3* 1-pel, and so forth). In some
examples, the distances may be fractional pel. Video encoder 200 and video decoder
300 may add candidates to the second set of vector differcoce candidates until a cost
value associated with a candidate of the second set of vector difference candidates
satisfies a cost threshold.

16196} The above example techniques may be used for motion vector as well. For
instance, video encoder 200 and video decoder 300 may utihize the above example
techmques for inter MMVD candidate hist. Depending on the decided Adaptive Motion
Vector Resolution {(AMVR) parameter of the corrent block, the maximuom offset T2,

wuntnum mterval T3 and S(x) are determuned accordingly.
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{0197} In one example. when AMVR set to be quarter-pel resolution, T3 is set 1o be
fractional pel, e.g.1/4-pel, T2 1s set to be 8-pel and S(x) is start from {-pel reduce to 1/4-
pel. In one example, when AMVR set to be half-pel resolution, T3 s set to be 1/2-pel,
T2 is set to be 16-pel and S{x) 1s start from 2-pel reduce to 1/2-pel. In one example,
when AMVR set to be one-pel resolution, T3 1s set to be -pel, T2 is set to be 32-pel
and S(x) is start from 4-pel reduce o 1-pel. In one example, when AMVR set (o be four-
pel resolution, T3 is set to be 4-pel, T2 is set to be 128-pel and S{x} is start from 8-pel
reduce to 4-pel.

[6198] The followmng describes examples of IBC AMVP BVD signaling improvement.
Fi(. 18 is a conceptual diagram illustrating another example of the AMVP process with
template search starting from profix vector. In FIG. 18, and the following, one or more
examples are described to derive a suffix BVD for IBC AMVP mode, for instance with
template scarch around prefix vector with one validation flag. For coding as part of the

AMVP, Table 2 includes some example values.

Table 2.
BVD value -1 2-5 6-13 14-29 30-61 | 62-125 126-
253
Prefix v 2 ] 14 360 62 126
validation 0/1 /1 0/1 0/1 0/1 0/1 0/1
Suffix bins 1/0 270 3/0 4/0 5/0 6/0 7/0
Suffix values -1 0-3 0-7 0-15 0-31 0-63 0-127

[#199] In one or more examples, the BvdTpiValiadationFlag may be mdicating whether
the suffixBVD is signaled or dertved using template-based search. Video encoder 200
may signal and video decoder 300 may parse prefixBvd from the bitstrearm. In one or
more examples, video encoder 200 and video decoder 300 may denive the search area by
finding nextPrefixBY D=prefix BYD + maxPossibleSaffix{prefixBVD}+1. The scarch
area s from prefixBVDx to nextPrefixBYDx horizontally and from prefixBVDy to
nextPrefixBY Dy vertically,

[0200] In some examples, video encoder 200 and video decoder 300 may perform the
search in a way where every candidate in the search area is tested. In total, there may be
totalNumber(OfCandidates = (nextPrefixBYDx-prefixBVDx) * (nextPrefixBVDy-

prefixBVDy). The list of all tested candidates are soried and the one candidate with the
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best cost 15 selected. From the best candidate position, video encoder 200 and video
decoder 300 may derive BVD= prefixBVD+bvd TplScarchCand0.

{02011 If the BvdTplVahadationFlag is equal to zero, video encoder 200 may signal and
video decoder 300 may parse the suffixBVD from the bitstream and BVD = prefixBVD
+ sutfixBVD.

{8202} The following describes template search using subset of search area around
prefix vector with one validation flag and candidate index signaling. In this example,
the search arca may be restricted to the Nh*Nv possible positions, those numbers {e.g.,
vatues for Nh and Nv) may depend on the value of prefixBVDx and prefixBVDy
respectively. The distance between honzontal positions d(x, x+1} = {(nextPrefixBYDx-
prefixBYDx)/Nh, and the distance between vertical positions diy, y+1} =
(nextPrefixBYDy-prefixBVIDIVI/Nv.

{8203} Video encoder 200 and video decoder 300 may select the N fowest TM cost
sutfixBVD candidates and put into a list ordered by TM cost. Video encoder 200 may
signal and video decoder 300 may receive the candidate index i the bitstream to
indicate which suffixBVD is used.

{0204} When N is equal to 1, the suffixBVD 1s derived as the lowest TM cost
suffixBVD candidates in the determined scarch area.

{0205} The following describes template search around prefix vector with one
vahdation flag and candidate index signaling. For coding, Table 3 includes some

example values.
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BVD value -1 2-5 6-13 14-29 30-61 | 62-125 126~
253
Prefix 0 2 G 14 30 52 126
validation O/1x | O/1x O/1x 0/1x 0/1x 0/1x 0/1x
Suffix bing x 2/x 3/x 4/ §ix 6/x 7/x
Suffix values -1 0-3 0-7 0-15 0-31 3-63 0-127

{8286} In this example, the process of deriving search area and tested candidates are the
same as described above with respect to template search around prefix vector with one
validation flag. One difference may be that video encoder 200 may signal and video
decoder 300 may parse the bvdTpiSearchCandldx from the bitstream.
{8207} Video encoder 200 and video decoder 300 may select the N lowest TM cost
suffixBV D candidates and put tnto a list ordered by TM™M cost. Video encoder 200 may
signal and video decoder 300 may parse the candidate index bvdTplSearchCandldx in
the bitstream to indicate which suffixBVD 15 used.
10208} When N is equal to 1, the suffixBVD 15 denived as the lowest TM cost
suffixBVD candidates in the determuned scarch area.
[6245] In some examples, after sorting the candidate list, video encoder 200 and video
decoder 300 may usc the candidate with bvdTplSearchCandldx for BVD derivation.
BVD = prefixBVD+bvd TplSearchCandibvd TplSearchCandldx]. The maximum value
of the bvd TpiSecarchCandldx 1s predefined and controlled by maxNumberOfTplCands.
[#218] The following describes an example of BYD suffix search. Asstep 1,
PrefixBVD is parsed from the bitstream prefixBVD={-14, 62}, As step 2, validation
flag 1s parsed BvdTplValiadationFlag =Twie. As step 3, the nextPrefixBVD is derived
= {30, 126}
{0211} As step 4, there may be 1-Pel scarch as follows.
For x=-14 to x =-30
Fory=62toy=126
tptCandList addCandAt{x, v}
{8212} As step 5, video encoder 200 and video decoder 300 may sort the list
tplCandList by cost value and take the best candidate bvdTplSearchCand(={-4,3}. As
step 6, BVD is decoded= prefixBVD + bvd TpiSearchCand0 = {-18, 65},
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{6213} The following is an example of BYD suffix scarch with N=1 candidates with
lowest cost. As step |, video encoder 200 may signal and video decoder 300 may parse
PrefixBVD from the bitstream prefixBVD={2_ 6}. As step 2, video encoder 200 may
signal and video decoder 300 may parse validation flag BvdTpiValiadationFlag =True
{0214} As step 3, maxNumberOfTplCands is set 1o 1, and no parsing of
bvdTplSearchCandidx may be requived and bvd TplSearchCandids=0. Ag step 4, the
nextPrefixBVD is derived = {6,14}
16218} As step 5. there may be -Pel scarch as follows.
Forx=2tox =6
Fory =6 to y=14
tplCandList addCand At{x, v}
{8216} As step 6, video encoder 200 and video decoder 300 may sort the list
tplCandList by cost value and take the best candidate
bvdTplScarchCand{bvd TplSearchCandldx=0{={1,0}. Asstep 7, BVD is decoded=
prefixBVD + bvdTplSearchCand( = {3, 6}
[6217] The following is an example of BVD suffix search with N=3 candidates with
lowest cost. As step 1, video encoder 200 may signal and video decoder 300 may parse
PrefixBVD from the bitstream prefixBVD={2. 2}, Asstep 2, video encoder 200 may
signal and video decoder 300 may parse vahidation flag BvdTpiValiadationFlag =True
As step 3, maxNumberOfTplCands is setto . As step 4, video encoder 200 may signal
and video decoder 300 may parse of bvdTplSearchCandldx=2. Agstep 5, the
nextPrefixBVD is derived = {6,6}.
{0218} As step 6, there may be 1-Pel scarch as follows.
Forx=2to x =6
Fory =2 to y=6
tplCandList addCandAt{x, v}
[8218] As step 7, video encoder 200 and video decoder 300 may sort the list
tplCandList by cost vahue sortedTplCandbast = [{0,1}, { 1.0}, {2.2}, {11}, {00},
(1,23, 42,135, £3,10, §3.23, €231, 43,01, 10,3}, §0.2}, 12,0}, {331, £1,3}]. Asstep 8,
bvdTplScarchCand = sorted TplCandListfbvd TplSearchCandldx] =
sorted TplCandLast{2] = {2,2}. Asstep & BVD is decoded= prefixBVD +
bvdTplSearch{and = {4, 4}
[8226] FIG. 2 1s a block diagram dlustrating an example video encoder 200 that roay

perform the techniques of this disclosure. FIG. 2 1s provided for purposes of
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explanation and should not be considered hmiting of the techmigues as broadly
cxemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the techniques of VVC and HEV.

However, the technigues of this disclosure may be performed by video encoding devices

AV1 and successors to the AV video coding format.

10221} In the example of FIG. 2, video encoder 200 includes video data memory 230,
mode selection unit 202, residual generation unit 204, transform processing urt 206,
quantization unit 208, mverse guantization unit 210, inverse transform processing unit
212, reconstruction unit 214, filter unit 216, decoded picture buffer (BPB) 218, and
entropy encoding unit 220, 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 processing unit 212, reconstruction unit
214, filter unit 216, DPB 218, and entropy encoding uait 220 may be implemented in
OIC OF INOTE Processors ofF in processing circuitry. For mstance, the units of video
encoder 200 may be implemented as one or more circuits or logic elements as part of
hardware circuitry, or as part of a processor, ASIC, or FPGA. Moreover, video encoder
200 may include additional or alternative processors or processing circuitry to perform
these and other functions.

{8222} 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 may actas a
reference picture memory that stores reference video data for use i prediction of
subsequent video data by video encoder 200, Video data memory 230 and DPB 218
may be formed by any of a variety of memory devices, such as dynamic random access
memary (DRAM), 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.

{8223} In this disclosure, reference to video data memory 230 should not be interpreted
as being lunited to memory internal to video encoder 200, uuless spectfically described

as such, or memory external to video encoder 200, unless specifically described as such.
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Rather. reference to video data memory 230 should be understood as reference memory
that stores video data that video encoder 200 receives for encoding (¢.g., video data for
a current block that is to be encoded). Memory 106 of FIG. 1 may also provide
temporary storage of outputs from the various units of video encoder 200.

{0224} The various units of FI1G. 2 are illustrated 1o assist with understanding the
operations performed by video encoder 200. The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Fixed-function
circuits refor to circuits that provide particular functionality, and are preset onthe
operations that can be performed. Programmable circuits refer to circuits that can be
programmed to perform varions tasks, and provide flexable functionality in the
operations that can be performed. For instance. programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by instructions of the software or firmware. Fixed-function circuits may
execute software instructions {(e.g.. to receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally immutable. In
some examples, one or more of the units may be distinct cireunit blocks (fixed-function
or programmable}, and in some examples, one or more of the units may be mtegrated
circuits.

{0225} Video encoder 200 may iclude anthmetic logic units {ALUs), clementary
function wuts (EFUs), digital circunts, analog circuits, and/or programmable cores,
formed from programmable circuits. In examples where the operations of video
encoder 200 are performed using software executed by the programmable circuits,
memory 106 {FIG. 1) may store the mstractions {e.g., object code) of the software that
video encoder 200 receives and exccutes, or another memory within video encoder 200
{not shown} may store such instructions,

{6226} Video data memaory 230 is 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 umt 204 and mode selection wmt 202
Video data in video data memory 230 may be raw video data that is to be encoded.
10227} Mode selection unit 202 includes a motion estimation unit 222, a motion
compensation unit 224, and an intra~prediction unit 226, Mode selection anit 202 may
include additional functional units to perform video prediction in accordance with other

rediction modes. As examples, mode selection unit 202 may include a palette unit, an
dict des. A 1 de select 1 202 may inchud fett t
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intra-block copy unit (which may be part of motion estimation wut 222 and/or motion
compensation unit 224}, an affine unit, a lincar model (LM} unit, or the like.

{8228} Mode selection unit 202 generally coordinates multiple encoding passes to test
combinations of encoding paramcters and resulting rate-distortion values for such
combinations. The encoding parameters may include partitioning of CTUs mto CUs,
prediction modes for the CUs, transform types for restdual data of the CUs, quantization
parameters for residual data of the CUs, and so on. Maode selection unit 202 may
ultimately select the combination of encoding pararaeters baving rate~-distortion values
that are better than the other tested combinations.

{82298} Video encoder 200 may partition a pichire retrieved from video data memory
230 mto a series of CTUs, and encapsulate one or more CTUs within a slice. Mode
selection unit 202 may partition a CTU of the picture in accordance with a tree
structure, such as the MTT stracture, QTBT structure. superblock structure, or the quad-
tree structure described above. As described above, video encoder 200 may form one or
raore CUs from partitionung a CTU according to the tree structure. Such a CU may also
be referred to generally as a “video block” or “block.”

{8238} In general, mode selection unit 202 also controls the components thereof {e.g.,
motion estimation unit 222, motion compensation unit 224, and intra-prediction unit
226} to generate a prediction block for a current block {e.g., a current CU, or m HEV(,
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 {¢.g., one or more
previously coded pictures stored in DPB 218}, In particular, motion estimation unit 222
may calculate a value representative of how similar a potential reference block is to the
current block, ¢.g., according to sum of absolute 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 vait 222 may identity a reference block having a lowest
value resulting from these calculations, indicating a reference block that most closely
matches the current block.

{6231} Motion estimation unit 222 may form one or more motion vectors {MVs} that
defines the positions of the reference blocks m the reference pictures relative to the

position of the current block in a current picture. Motion estimation umit 222 may then
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provide the motion vectors to motion compensation untt 224, For example, for uni-
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional mter-prediction, motion estimation umit 222 may
provide two motion vectors. Motion compensation unit 224 may then gencrate a
prediction block using the motion vectors. For example, motion compensation unit 224
may retrieve data of the reference block asing the motion vector. As another example,
if the motion vector has fractional sample precision, motion compensation unit 224 may
interpolate values for the prediction block according to one or more interpolation filters.
Moreover, for bi-directional inter-prediction, motion compensation unit 224 may
retrieve data for two reference blocks wdentified by respective motion vectors and
combine the retricved data, e.g., through sample-by-sample averaging or weighted
averaging.

{#232] When operating according to the AV1 video coding format, motion estimation
unit 222 and motion compensation unit 224 may be configured to encode coding blocks
of video data (e.g., both luma and chroma coding blocks}) using transiational motion
compensation, affine motion compensation, overlapped block motion compensation
{OBMC}, and/or compound inter-intra prediction.

{0233} As another example, for intra-prediction, or intra-prediction coding, ingra-
prediction unit 226 may generate the prediction block from saraples neighboring the
current block. For example, for directional modes, wira~prediction unit 226 may
generally mathematically combine values of neighbonng samples and populate these
calculated values in the defined direction across the current block to produce the
prediction block. As ancther example, for BC mode, intra-prediction unit 226 may
calculate an average of the neighboring samples to the carrent block and generate the
prediction block to include this resulting average for cach sample of the prediction
block.

{08234} When operating according to the AV video coding format, intra~-prediction unit
226 may be configured to encode coding blocks of video data {¢.g., both luma and
chroma coding blocks) using directional mtra prediction, non-directional intra
prediction, recursive filter intra prediction, chroma-~from-luma (CFL) prediction, mira
block copyv (IRC), and/or color palette mode. Mode selection unit 202 may include
additional functional units to perform video prediction in accordance with other

prediction modes.
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{0235} Mode selection unit 202 provides the prediction block to residual generation unit
204. Reswdual generation unit 204 recetves a raw, unencoded version of the current
block from video data memory 230 and the prediction block from mode selection unit
202, Residual generation 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 carrent block. In some examples, residual generation unit
204 may also determine differences between sample vahues in the residual block to
geunerate a residual block using residual differential pulse code modulation (RDPCM).
In some examples, residual generation unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

[8236] 1o cxamples where mode selection unit 202 partitions CUs into PUs, cach PU
may be associated with a luma prediction unit and corresponding chroma prediction
upnits. 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 hima 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 particular CU s 2Nx2N, video encoder 200 may support PU
sizes of 2ZNx2IN or NxN for intra prediction, and symmetric PU sizes of ZNxZN, 2NxN,
Nx2N, NxN, or similar for inter prediction. Video encoder 200 and video decoder 300
may also support asysuuetric partitioning for PU sizes of ZNxal, 2Nxnl}, nlx2N, and
nRx2N for inter prediction.

{8237} In examples where mode selection untt 202 does not further partition a CU into
PUs, each 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 ZNx2N, 2NxN, or Nx2N.

[8238] For other video coding techiuques such as an intra-block copy mode coding, an
affine-mode coding, and hnear model (LM) mode coding, as some examples, mode
selection unit 202, via respective units assoctated with the coding technigques, generates
a prediction block for the current block being encoded. ¥n some examples, such as
palette mode coding, mode selection unit 202 may not generate a prediction block, and
instead generate syntax elements that indicate the manuver in which to reconstruet the
block based on a selected palette. Tn such modes, mode selection unit 202 may provide

these syntax elements to entropy encoding umt 220 to be encoded.
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{0239} As described above, residual generation unit 204 receives the video data for the
current block and the corresponding prediction block. Residual generation unit 204 then
generates a residoal block for the current block. To generate the residual block, residual
gencration wnit 204 calculates sample-by-sampie differences between the prediction
black and the current block.

{§#248] Transform processing onit 206 applies one or more transforms to the residual
block to generate a block of transform coefficients (referred to herein as a “transform
cocfficient block™). Transform processing unit 206 may apply various transforms to a
residual block to form the transform coetficient block. For example, transform
processing anit 206 may apply a discrete cosine transform (BCT), a directional
transform, a Karhunen-Loeve transform (KLT}, or a conceptually similar transform ic a
residual block. In some examples, transform processing unit 206 may perform multiple
transforms o a residual block, e.g., a primary transform and a secondary transform,
such as a rotational transform. In some examples, transform processing unit 206 does
not apply transforms to a residual block.

{02411 When operating according to AV 1, transform processing unit 206 may apply one
or more transforms o the residual block to generate a block of transform coefficients
{referred to herein as a “transform coefficient block™). Transform processing unit 206
may apply various transforrus to a residual block to form the transform coefficient
block. For example, transform processing unit 206 may apply a horizontal/vertical
transtform combination that may include a discrete cosine transform (DCT), an
asymmetric discrete sine transform (ADST), a flipped ADST (e.g., an ADST in reverse
order), and an identity transform (IDTX). When using an wdentity transform, the
transform is skipped in one of the vertical or horizontal directions. In some examples,
transform processing may be skipped.

[6242] Quantization unit 208 may quantize the transform cocificients in a transform
coefhicient block, to produce a quantized transform coefficient block. Quantization unit
208 may quantize transform coefficients of a transform coefficient 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 apphied to
the transform coefficient blocks associated 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,
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{0243} Inverse quantization wnit 210 and mverse transform processing unit 212 moay
apply inverse quantization and mverse transforms 1o a guantized transform cocfficient
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
resicual block and a prediction block generated by mode selection unit 202, For
example, reconstruction unit 214 may add samples of the reconstructed residual block to
corresponding sarples from the prediction block generated by mode selection unit 202
to produce the reconstructed block.

{0244} Filter unit 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 ClUs. Operations of filter unit 216 may be skipped,
in some examples.

108245} When operating according to AV 1, filter unit 216 may perform one or more
filter operations on reconstructed blocks. For example, filier unit 216 may perform
deblocking operations to reduce blockiness artifacts along edges of CUs. In other
examples, filter anit 216 may apply a constrained directional enhancement filter
{CDEF), which may be applied after deblocking, and may mchide the application of
non-separable, non-lincar, low-pass directional filters based on estimated edge
directions. Filter unit 216 may also inclade a loop restoration filter, which s apphed
after CDEF, and may include a separable symmetric normalized Wiener filter or a dual
self-guided filter.

{6246} Video encoder 200 stores reconstructed blocks in DPRB 218, For wnstance, in
examples where operations of filter unit 216 are not performed, reconstraction unit 214
may store reconstructed blocks to DPB 218, In examples where operations of filter unit
216 arc pertformed, filter unit 216 may store the filtered recounstructed blocks to DPB
218, Motion estimation unit 222 and motion compensation unit 224 may retrieve a
reference picture from DPB 218, formed from the reconstructed (and potentially
filtered} blocks, to inter-predict blocks of subsequently encoded pictures. In addition,
intra-prediction urit 226 may use reconstructed blocks in DPB 218 of a current picture
1o intra~predict other blocks in the current picture.

{8247} In general, entropy encoding unit 220 may entropy encode syntax elements
received from other functional components of video encader 200, For example, entropy

encoding umit 220 may entropy encode guantized transform coefficient blocks from
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quantization unit 208, As anotber example, entropy encoding unit 220 may entropy
euncode prediction svntax elements (e.g., motion information for mter-prediction or
intra-mode mformation for mtra-prediction) from mode sclection unit 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
clements, which arc another example of video data, to generate entropy-cncoded data.
For example, entropy encoding unit 220 may perform a context-adaptive variable length
coding (CAVLC) operation, a CABAC operation, a vanable-to-variable (V2V} length
coding operation, a syntax-based context-adaptive binary anthmetic 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 cxamples, entropy encoding wnit 220 may operate in bypass mode
where syntax elements are not entropy encoded.

{6248} Video encoder 200 may output a bitstream that includes the entropy encoded
syntax elements needed to reconstruct blocks of a shice or picture. In particular, entropy
encoding unit 220 may output the bitstrean.

{02491 In accordance with AV, entropy encoding unit 220 may be configured as a
symbol-to-symbol adaptive multi-symbol arithmetic coder. A syntax clement in AV1
inchides an alphabet of N elements, and a context {e.g , probability model} includes a
set of N probabilitics. Entropy encoding unit 220 may store the probabilitics as n-bit
{e.g., 15-bit) camulative distribution functions (CDFs). Entropy encoding unit 220 may
perform recursive scaling, with an apdate factor based on the alphabet size, to update
the contexts.

{02881 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 exampies, the luma coding block
and chroma coding blocks are hursa and chroma components of a CU. Insome
examples, the luma coding block and the chroma coding blocks are luma and chroma
componenis of a PU.

10251} In some examples, operations performed with respect to a luma coding block
need not be repeated for the chroma coding blocks. As one examaple, operations to
identify a motion vector (MV) and reference picture for a luma coding block need not
be repeated for identitying 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

blocks, and the reference picture may be the same. As another example, the ntra-
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prediction process may be the same for the tuma coding block and the chroma coding
blocks.

{8252} Video encoder 200 represents an example of a device configured to encode
video data including a memory configured to store video data, and onc or more
processmg units implemended in circuttry and configured to detenmine a vector predictor
for a current block, determine a set of vector difference candidates, construct a vector
difference candidate list based on the set of vector difference candidates, determine a
vector for the current block, determine a vector difference based on the vector predictor
and the vector for the current block, and signal an index into the vector difference
candidate list that identifies the vector difference.

{8253} FIG. 3 is a block diagram iHustrating an example video decoder 300 that may
perform the techniques of this disclosure. FIG. 3 15 provided for purposes of
explanation and is not Himiting on the techniques as broadly exemplified and described
in this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the techmgues of VVC and HEVC. However, the techniques of this
disclosure may be performed by video coding devices that are configured to other video
coding standards.

{02541 In the example of FIG. 3, video decoder 300 mcludes coded picture bufter
{(CPB) memory 320, entropy decoding unit 302, prediction processing unit 304, mnverse
quantization unit 306, fnverse transform processing unit 308, reconstruction unit 310,
filter umit 312, and DPB 314, Any or all of CPB memory 320, entropy decoding unit
302, prediction processing unit 304, inverse guantization unit 306, inverse transform
processing untt 308, reconstruction umit 310, filter unit 312, and DPB 314 may be
implemented in one or more processors or in processing circuitry. For instance, the
units of video decoder 300 may be implemented as one or more circuits or logie
clements as part of hardware circuitry, or as part of a processor, ASIC, or FPGA.
Moreover, video decoder 300 may include additional or alternative processors or
processing cirepitry to perform these and other functions.

102585} Prediction processing unit 304 includes motion compensation unit 316 and intra-
prediction unit 318, Prediction processing untt 304 may include additional units to
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may include a palette unit, an intra-block copy unit (which may

form part of motion compensation unit 316), an affine unit, a lincar model (LM} unit, or
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the like. In other examples, video decoder 360 may mclude more, fewer, or different
functional components,

{8236} When operating according to AV, motion compensation unit 316 may be
configured to decode coding blocks of video data (¢ .g.. both huma and chroma coding
blacks) using translational motion compensation, affine motion compensation, OBMC,
and/or compound mter-ntra prediction, as described above. Intra-prediction anit 318
may be configured to decode coding blocks of video data {(e.g, both luma and chroma
coding blocks) using directional intra prediction, non-directional tntra prediction,
recursive filter fntra prediction, CFL, IBC, and/or color palette mode, as described
above.

{8257} 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 mediom 110 (FIG.
1}. CPB memory 320 may include a CPB that stores encoded video data {e.g., syntax
clements) from an encoded video bitstream. 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 decader 300 may output and/or use as reference video data when
decoding subscquent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by any of a vaniety of memory devices, such as BRAM,
including SBRAM, MRAM, 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.

{0258} Additionally or alternatively, in some exarmaples, video decoder 300 may retrieve
coded video data from memory 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 s implemented in sofiware to be executed by processing circuitry of video
decoder 300

{62891 The various uniis shown in FIG. 3 are iltustrated to assist with understanding the
operations performed by video decoder 300, The units may be mplemented as fixed-
function circuits, programmable circuits, or a combination thereof. Simular to FIG. 2,

fixed~function circuits refer to circuits that provide particular functionality, and are
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preset on the operations that can be perfonned. Progranumable circuits refer to cireuits
that can be programmed to perform various tasks, and provide flexable functionality in
the operations that can be performed. For instance, programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by instructions of the software or firmware. Fixed-function cireuits may
exccute software instructions (e.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally immutable. In
some examples, one or more of the units may be distinct circuit blocks (fixed-function
or programmable), and in some examples, one or more of the units may be integrated
cirouits.

[8266] Video decoder 300 may include ALUs, EFUs, digital cireuits, analog circuits,
and/or progranunable cores formed from programmable circuits. In examples where the
operations of video decoder 300 are performed by software excouting on the
programmable cireuits, on-chip or off-chip memory may store instructions {¢.g., object
code) of the software that video decoder 300 receives and executes.

[6261] Entropy decoding unit 302 may receive encoded video data from the CPR and
entropy decode the video data to reproduce svntax elements. Prediction processing umt
304, mverse guantization uait 300, inverse transform processing unit 308,
reconstruction untt 310, and fikier uott 312 maay generate decoded video data based on
the syntax elements extracted from the bitstream.

{8262} In gencral, 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, 1.¢., decoded, may be referred o as a
“carrent block™).

{8263} Entropy decoding unit 302 may entropy decode syntax elements defining
quantized transform coefficients of a quantized transform cocfticicnt block, as well as
transform information, such as a quantization parameter {QP) and/or transform mode
ndication{s}. Inverse quantization unit 306 may use the QP associated with the
quantized transform coefticient block to determine a degree of quantization and,
likewise, a degree of inverse guaniization for nverse quantization wt 306 to apply.
Inverse quantization unit 306 may, for example, perform a bitwise lefi-shift operation to
inverse quantize the quantized transform coefficients. Inverse guantization unit 306

may therchy form a transform coefficient block mncluding transform coctiicients.
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{0264} Aficr mverse quantization unit 306 forms the transform coefficient block,
mverse 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 uvait 308 may apply an inverse DCT,
an inverse iteger transform, an inverse Karhunen-Loeve transform (KL'T), an jnverse
rotational transform, an inverse directional transform., or another mverse transform o
the transform coefficient block.

16268] Furthermore, prediction processing unit 304 generates a prediction block
according to prediction mformation syntax elements that were entropy decoded by
entropy decoding unit 302. For example, if the prediction information syntax elements
indicate that the current block is inter-predicted. motion compensation unit 316 may
generate the prediction block. In this case, the prediction jnformation syntax clements
may indicate a reference picture in DPB 314 from which to retrieve a reference block,
as well as a motion vector identifving a location of the reference block i the reference
picture relative to the location of the current block i the current picture. Motion
compensation unit 316 may generally perform the inter-prediction process in a manner
that 18 substantially similar to that described with respect to motion compensation unit
224 (FIG. 23

[8266] As another exaraple, if the prediction information syntax clements mdicate that
the current block 1s intra-predicted, intra-prediction unit 318 may generate the
prediction block according to an intra-prediction mode indicated by the prediction
information syntax elements. Again, intra-prediction unit 318 may generally perform
the intra~prediction process in a manner that is substantially similar to that described
with respect to intra-prediction unit 226 (FIG. 2). Intra-prediction unit 318 may retrieve
data of neighboring samples to the current block from DPB 314

{8267} Recounstruction unit 310 may reconstruct the current block using the prediction
block and the residual block. For example, reconstruction unit 310 may add samples of
the restduoal block to corresponding samples of the prediction block to reconstruct the
current block.

10268} Fdter 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 necessanily performed in all examples.
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{0269} Video decoder 300 may store the reconstructed blocks 1o DPB 314, For
jnstance, i examples where operations of filter unit 312 are not performed,
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
nformation, such as samples of a carrent picture for ntra-prediction and previously
decaded pictures for subsequent motion compensation, to prediction processing unit
304, Moreover, video decoder 300 meay output decoded pictures {e.g., decoded video)
from DPB 314 for subsequent presentation on a display device, such as display device
118 of FIG. 1.

{6276} In this manner, video decoder 300 represents an example of a video decoding
device including a memory configured to store video data, and one or more processing
units implemented in circuttry and configured to determine a veetor predictor for a
current block, determine a set of vector difference candidates, construct a vector
difterence candidate list based on the set of vector difference candidates, determine a
vector for the current block based on the vector predictor and a vector difference from
the vector difference candidate hist, and reconstruct the current block based on the
veetor for the current block.

{0271} FIG. 4 1s a flowchart tllustrating an example method for encoding a current
block i accordance with the technigues of this disclosure. The current block may be or
inclade a current CU. Although described with respect to video encoder 200 (FIGS. 1
and 2}, it should be understood that other devices may be configured to perform a
method similar to that of FIG. 4.

{8272} In this example, video encoder 200 initially predicts the current block (358). For
example, video encoder 200 may form a prediction block for the current block. Video
encoder 200 may then caleulate a residual block for the current block (352). To
calculate the residual block, video encoder 200 may caleulate a difference between the
original, anencoded block and the prediction block for the current block. Video encoder
260 may then transform the residual block and guantize transform cocfficients of the
residual block (354). Next, video encoder 200 maay scan the quantized transform
coefficients of the residual block (356). During the scan, or following the scan, video
encoder 200 may entropy encode the transform coefficients (358}, For example, video
encoder 200 mayv encode the transforn coefficients using CAVLC or CABAC. Video

encoder 200 mayv then ouiput the entropy encoded data of the block (360).
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[6273] FIG. 5 1s a flowchart illustrating an example method for decoding a current
block of video data n accordance with the techniques of this disclosure. The current
block may be or include a corrent CU. Although described with respect to video
decoder 300 (FIGS. 1 and 3}, it should be understood that other devices may be
configured to perform a method stratlar to that of FIG. 5.

{8274} Video decoder 300 may receive entropy encoded data for the current block, such
as entropy encoded prediction information and entropy encoded data for transform
coefficients of a residual block corresponding to the current block (370). Video decoder
300 may entropy decode the entropy encoded data to determine prediction information
for the carrent block and to reproduce transform coefficients of the residual block (372).
Video decoder 300 may predict the current block (374). ¢.g., using an intra- or inter-
prediction mode as indicated by the prediction information for the current block. to
calculate a prediction block for the carrent block. Video decoder 300 may then inverse
scan the reproduced transform coefficients {376}, to create a block of quantized
transform coeflicients. Video decoder 300 may then tnverse quantize the transform
coefficients and apply an mverse transform {o the transform coefficients to produce a
residaal block (378). Video decoder 300 may oltimately decode the current block by
combining the prediction block and the residual block (380).

{0275} FIG. 19 15 a flowchart illustrating another example method for decoding a
current block i accordance with the techmgues of this disclosure. The example of FIG.
19 1s described with respect to processing circuitry of video decoder 300. For example,
one or mors memories {e.g.. memory 120, CPB memory 320, DPB 314, or some other
memory) may be configured to store video data. The processing circuttry of video
decoder 300 may be coupled to the one or more memories.

[8276] The processing circaitry of video decoder 300 may be configured o determine a
vector predictor for a current block of the video data (1900). For cxample, video
encoder 200 may signal information that video decoder 300 uses to detenmine the vector
predictor {e.g., such as vector of neighboring block).

18277} The processing circuitry of video decoder 300 may be configured to determine a
first set of vector difference candidates based on a first pel-nterval (1902). The fist
pel-interval may define a first distance between consecutive vector difference
candidates in the first set of vector difference candidates starting with the vector
predicior. For exarmple, the first set of vector difference candidates may be

bvdCandsStep lInput desernibed above, and the first pel-interval may be 8-pelora
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different mterval, including fractional interval. As one example, the processing
cireuitry of video decoder 300 may add candidates to the first set of vector difference
candidates that are cach a sct of positions surrounding a position of the vector predictor
and an integer multiple of the first distance away from the vector predictor. The
processmg circuitry of video decoder 300 may add candidates until a range threshold s
satisfied and/or until a cost value associated with a candidate of the first set of vector
difference candidates satisfies a cost threshold.

16278} The processing circuitry of video decoder 300 may determine a second set of
veetor difference candidates based on the first set of vector difference candidates and a
second pel-interval {1904}, The second pel-interval may define a second distance
between consecutive vector difference candidates in the second set of vector difference
candidates, and the second pel-interval may be less than the first pel-interval.

{#278] For example, the sccond set of vector difference candidates may be
bvdCandsStepZinput or bvdCandsSubSetStepZinput described above, and the second
pel-nterval may be 4-pel, 1-pel. or a different interval, mcluding fractional interval.
The processing cirauitry of video decoder 300 may determine respective cost values
{c.g., TM cost based on SAD} associated with candidates of the first set of vector
difference candidates, and construct a first subset of vector difference candidates {e.g.,
bvdCandsStep 1 Output) based on the respective cost values. The processing circuttry of
video decoder 300 may determine the second set of vector difference candidates {e.g.,
bvdCandsStep2input or bvdCandsSubSetStep2Input) based on the first subset of vector
difference candidates (e.g., bvdCandsStep | Qutput).

[6284] As one example, the processing circuitry of video decoder 300 may include at
least a subset of candidates of the first set of vector difference candidates in the sccond
set of vector difference candidates. For mstance, bvdCandsStepZinput or
bvdCandsSubSetStepZinput includes one or more candidates from
bvdCandsStep I Cutput or bvdCandsStepinput). The processing circwitry may add
candidates beteveen the sabset of candidates of the first set of vector difference
candidates based on an integer multiple of the second distance. In some examples, the
second distance is less than or equal to the second pel-nterval. As one example, the
processing cucuitry of video decoder 300 mav add candidates to the second set of
vector difference candidates until a cost value associated with a candidate of the second

set of vector difference candidates satisfies a cost threshold.
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{6281} The processing circuitry of video decoder 300 may construct a vector difference
candidate list {¢.g., bvdCandListN} based on the second set of vector difference
candidates (1906}, For example, the processing circuitry of video decoder 300 may
determine respective cost values associated with candidates of the second set of vector
difference candidates {e.g., cost values for candidates in bvdCandsStep20utput). The
processing circuitry of video decoder 300 may construct the vector difference candidate
list {e.g., bvdCandListN} based on the respective cost values. For instance, the
processing circuitry of video decoder 300 may select the N candidates having the lowest
cost values and may optionally arrange the N candidates from lowest to highest cost.
{6282} The processing cirenitry of video decoder 300 may determine a vector for the
current block based on the vector predictor and a vector difference from the vector
difference candidate list (1908}, For example, video decoder 300 may receive an mdex
into the vector difference candidate hist that identifics a vector difference. Video
decoder 300 may add the vector difference to the vector predictor to determine the
vector for the current block.

{02831 The processing circuitry of video decoder 300 may reconstruct the current block
based on the veetor for the current block (1910}, For example, the processing circuitry
of video decoder 300 may generate a prediction signal based on the vector for the
current block, and receive residual information from video encoder 200, The processing
cireuitry of video decoder 300 may add the prediction signal and the residual
information to reconstruct the current block.

10284} In the example of FIG. 19, the current block may be encoded i intra block-copy
(IBC) merge mode with block vector differences (IBC-MBVD). The vector predictor
may be a block vector predictor (BVP), and the vector difference candidate list may be 2
block vector difference (BV D) candidate list.

{0285 FIG. 20 is a flowchart illustrating another example method for encoding a
current block in accordance with the techmigues of this disclosure. The example of FIG.
20 1s described with respect to processing circuitry of video encoder 200. For example,
one of mors memories {e.g.. memory 106, video data memory 230, decoded picture
buffer 218, or some other memory) meay be counfigured to store video data. The
processing cucuitry of video encoder 200 may be coupled to the one or more memories.
[8286] Using similar tochniques to those described above for video decoder 300, the
processing circuitry of video encoder 200 may determine a vector predictor for a current

block of the video data (2000), determine a first set of vector difference candidates
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based on a first pel-interval (2002), the first pel-interval defining a first distance
between consecutive vector difference candidates in the first set of vector difference
candidates starting with the vector predictor, determining a second set of vector
difference candidates based on the first set of vector difference candidates and a second
pel-imterval (2004), the sccond pel-interval defiming a second distance between
consecutive vector difference candidates in the second set of vector difference
candidates, and the second pel-interval being less than the first pel-interval, and
construct a vector difference candidate hist based on the sccond set of vector difference
candidates (2006). In FIG. 20, the processing circuitry of video encoder 200 may be
configured to signal an mdex into the vector difference candidate list for decoding the
current block (2008). The processing circuitry of video encoder 200 may also signal
residual mformation indicative of a difference between the curcent block and a
prediction signal.

10287} FIG. 21 s a flowchart iHustrating an example method of constructing a vector
difterence candidate list. The example of FIG. 21 llustrates a two-step algonthm {c.g.,
derivation process) for constructing the vector difference candidate hist. Video encoder
200 and video decoder 300 may be configured to perform the same techniques. The
example of FI(7. 21 15 described with respect to processing circuitry, which may be
processing circuitry of video encoder 200 or video decoder 300,

[08288] The processing circuitry may add a candidate to a first set of vector difference
candidates {e.g., bvdCandsStep Haput} that is a moltiple of a first distance away from a
vector predictor (2100). For example, if the first distance is defined by a first pel-
interval (e g., 81}, then the candidates may be S1, 2*81, 3¥81, and so forth.

{8289} The processing circuitry may determine respective cost value for the candidate
(2102). For instance, the processing circuitry may determine a TM cost based on SAD
values between a reference template above and left of a reference block pointed to by
the vector predictor added to the candidate and a current template above and left of the
carrent block. In some examples, the processing circuitry may first add all candidates to
the first set of vector difference candidates, and then determine respective cost values.
16294] The processing circuitry may determaine whether a range threshold or cost
threshold 1s satisfied (2104). For instance, the processing circuiiry may determine
whether the last candidate is evaluated or whether a cost of a candidate is below a

threshold. If the range threshold or cost threshold is not satisfied (NO of 2104), the
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processing circuitry may add another candidate to a first set of vector difference
candidates (2100}

{0291} If the range threshold or cost threshold is satisfied (YES of 2104}, the processing
cireuitry may construct first subset of veetor difference candidates based on cost values
(2106). One examples of the first subset of vector difference candidates is
bvdCandsStep 1 Gutput.

16292} The processing circuitry may add a candidate to a second set of vector difference
candidates {¢.g., bvdCandsSubSetStep2fuput) that is between candidates of furst set of
vector difference candidates that 1 a youltiple of a second distance {(2108). For
example, if the second distance 1s defined by a second pel-interval {¢.g., $2), then the
candidates may be {candSteplOutput —~ 52, candStep i Output ~ (52 ~ 1},
candStep i Output — (82 - 2), ..., candStep! Output, candStep Cutput + (82 + 1),
candStep 1 Cutput + (82 + 2), ..., candStep1Qutput + 523, where candStep I Output are
candidates of the first set of vector difference candidates.

16293} The processing circuitry may determaine respective cost value for the candidate
{2110). For instance, the processing circuitry may determine a TM cost based on SAD
values between a reference template above and left of a reference block pointed to by
the vector predictor added to the candidate and a current teraplate above and left of the
current block. In some examples, the processing circuitry may first add all candidates to
the second set of vector difference candidates, and then determine respective cost
values.

10294} The processing circuitry may determine whether last candidate 1s evaluated or
whether cost threshold is satisfied (2112}, If the last candidate 1s not evaluated or cost
threshold is not satisfied (NO of 2112), the processing circuitry may add another
candidate to a second set of vector difference candidates (2108}

[6295] If the last candidate 1s evaluated or the cost threshold is satisfied (YES of 2112),
the processing circuitry may construct a vector difference candidate hist {e.g.,
bvdCandListN) based on cost values of candidates in the second set of vector difference
candidates {e.g., bvdCandsSubSetStepZinput) (2114). For example, the processing
circuitry may determine the N candidates in bvdCandsSubSeiStep2 Input having the
lowest cost and arrange the N candidates from lowest to highest cost, the result may be
the vector difference candidate kst

{8296 FIG. 22 is a flowchart ilustrating another example roethod of constructing a

vector difference candidate list. The example of FIG. 22 iHustrates an iterative
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algorithm {¢.g., derivation process) for constructing the vector difference candidate list.
Video encoder 200 and video decoder 300 may be configured to perform the same
techniques. The example of FIG. 22 is described with respect to processing circuitry,
which may be processing circuitry of video encoder 200 or video decoder 300

[8297] The processing circuttry may add a candidate to a current set of vector difference
candidates based on a current pel-interval (2200). For example, the processing cireaitry
may add candidates that are %-pel, 12-pel. 16-pel, and so forth, where the current pel-
interval is 8.

{0298} The processing circuitry may determine a current subset based on cost values of
candidates 1 the current set (2202}, For instance, the processing circuitry may select
the X number of candidates having the lowest cost.

[8299] The processing circutry may deternune whether a pel-threshold is reached
(2204}, For instance, assume that the pel-threshold is 2-pel in this example. Simgce the
current pel-interval is 8-pel. the processing circuitry may determine that the pel-
threshold 1s not reached (NO of 2204).

{63081 The processing circuitry may set the current set of subset of vector difference
candidates to the current set of vector difference candidates and set the current pel-
interval to a smaller pel-interval (e.g., 4-pel) (2208). The processing circuitry may then
repeat the operations tllustrated 1o FIG. 22 unti the pel-threshold is reached (YES of
2204}, The processing circuitry may construct the vector difference candidate list based
on the current subset (e.g., X number of candidates having the Iowest cost).

10381} The following munbered clauses illustrate one or more aspects of the devices
and technigues described m this disclosure.

{8302} Clavse 1. A method of decoding video data, the method comprising:
determining a vector predictor for a current block; determining a set of vector difference
candidates; constructing a vector difference candidate hist based on the set of vector
difference candidates; determining a vector for the current block based on the vector
predictor and a vector difference from the vector difference candidate list; and
reconstructing the current block based on the vector for the current block.

10303} Clause 2. A mcthod of encoding video data, the method comprising:
determining a vector predictor for a current block; determining a set of vector difference
candidates; constructing a vector differcnce candidate list based on the set of vector
difference candidates; determining a vector for the current block; detenmining a vecior

difference based on the vector predictor and the vector for the current block; and
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signaling an index into the vector difference candidate list that identifies the vector
difference.

{6304} (laose 3. The method of any of clauses 1 and 2, wherein the vector
predictor is one of a block vector predictor or a motion vector predictor, wherein the set
of vector difference candidates is one of a set of block vector difference candidates ora
set of motion vector difference candidates, wherein the vector difference candidate list
is one of a block vector difference candidate list or a motion vector difference candidate
f1st, and wherem the vector for the current block is one of a block vector or a motion
veetor for the current block.

{8305} (laose 4. The method of any of clauses 1-3, wherein determining the set of
veetor difference candidates comprises determining the set of vector difference
candidates based on a set of positions surrounding a position of the vector predictor.
{#306] Clause 5. The method of clause 4, wherein the set of posttions includes all
positions surrounding the position of the vector predictor or less than all positions
surrounding the position of the vector predictor.

{6307} Clause 6. The method of any of clauses 1-3, further comprising:
determining a subset of vector difference candidates from the set of vector difference
candidates, wherein constructing the vector difference candidate kist comprises

constructing the vector difference candidate list based on the subset of vector difference

candidates.
{8308} Clause 7. The method of any of clauses 16, wherein constructing the

vector difference candidate st comprises: determining a first subset of the set of vector
difference candidates based on one of sclection of candidates along each direction with
different pels or selection of candidates along each direction with different pels and
reordering; and repeatedly determining one or more additional subsets of vector
difference candidates by adding candidates at different pel distances based on a previous
subset of the set of vector difference candidates, wherein a final subset of vector
difference candidates from additional subsets 1s the vector difference candidate list.
16399} Clause 8. The method of any of clauses 17, further comprising:
determuining that g vector difference candidate in the vector difference candidate list is
valid based on one or more of determining that the vector difference candidate when
summed with the vector predictor results in a hypothetical vector within a search range;
in a condition where the vector predictor is derived from a neighbor block, and the

neighbor block is coded with horizontal flip type, the vector difference candidate has a
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vertical component value that 15 equal to 0; in a condition where the vector predictor s
derived from a neighbor block, and the neighbor block is coded with vertical flip type,
the vector difference candidate has a horizontal component value that isequal to 0; ina
condition where the current block is coded with horizontal fhip type, the vector
difference candidate has a vertical component value that is equal to 0; and 1o a condition
where the current block 1s coded with vertical flip type, the vector difference candidate
has a horizontal component value that s equal to 0.

{0316} Clause 9. The method of any of clauses 1-8, further comprising:
determining a threshold size for the set of vector difference candidates based on block
size of the current block, wherein determining the set of vector difference candidates
comprises deternining the set of vector difference candidates until a number of vector
difference candidates is equal fo the threshold size.

{8311} Clause 10, A device for decoding video data, the device comprising:
memory configured to store the video data; and processing circuitry configured to
perform the method of any of clauses | and 3-9.

{6312} Clause 11, The device of clause 10, further comprising a display configure
to display decoded video data.

{0313} Clause 12, The device of any of clauses 10 and 11, wherein the device
comprises a video decoder or a video encoder,

{8314} Clause 13, A device for encoding video data, the device comprising:
memory configured to siore the video data; and processing circuitry configured to

perform the method of any of clauses 2-9.

{6315} Clause 14, The device of clanse 13, wherein the device comprises a video
encoder.
{0316} Clause 15, The device of any of clauses 1013, wherein the device

coraprises one or more of a camera, a computer, a mobile device, a broadeast receiver
device, or a set-top box.

{8317} Clause 16, A computer-readable storage medium having stored thereon
instructions that, when executed, cause one or more processors to perform the method of
any of clauses 1 and 3-9.

{6318} Clause 17, A computer-readable storage medium having stored thereon
instructions that, when executed, cause one or more processors {o perform the method of

any of clauses 2-9.
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{0319} Clause 18, A device for decoding video data, the device comprising means
for performing the method of any of clauses | and 3-9.

{8328} Clawse 192, A device for decoding video data, the device comprising means
for performing the method of any of clauvses 2-9.

{0321} Clause 1A, A method of decoding video data, the method comprising:
determining a vector predictor for a current block of the video data; determining a first
set of vector difference candidates based on a first pel-interval, the first pel-interval
defiring a fust distance between consecutive vector difference candidates in the first set
of vector difference candidates starting with the vector predictor; deternmining a second
set of vector difference candidates based on the first set of vector difference candidates
and a second pel-interval, the second pel-interval defining a sccond distance between
consecutive vector difference candidates i the second set of vector difference
candidates, and the second pel-interval being less than the first pel-interval; constructing
a vector difference candidate list based on the second set of vector difference
candidates; deternuning a vector for the current block based on the vector predictor and
a vector difference from the vector difference candidate hist; and reconstructing the
current block based on the vector for the current block.

{0322} Clause 2A.  The method of clause 1A, wherein determining the first set of
vector difference candidates comprises: adding candidates to the first set of vector
difference candidates that are cach a set of positions surrounding a position of the vector
predictor and an integer muliiple of the first distance away from the vector predictor.
10323} Clause 3A. The method of clanse 2A, wherein adding candidates comprises
adding candidates until a range threshold is satisfied.

{8324} Clause 4A.  The method of any of clauses 2ZA and 3A, wherein adding
candidates comprises adding candidates until a cost value associated with a candidate of
the first set of vector differcnce candidates satisfies a cost threshold.

{0325} Clause 5A.  The method of any of clauses 1A-4A, wheren determining the
second set of vector difference candidates comprises: including at least a subset of
candidates of the first set of vector difference candidates in the second set of vector
difference candidates; and adding candidates between the subset of candidates of the
first set of vector difference candidates based on an integer nultiple of the second
distance.

{8326 Clause 6A.  The method of clause SA, wherem adding candidates between the

subset of candidates comprises adding candidates to the second set of vector difference
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candidates until a cost value associated with a candidate of the second set of vector
difference candidates satisfies a cost threshold.

{8327} Classe 7A. The method of any of clavses TA-6A, further comprising:
determining respective cost valucs associated with candidates of the first set of vector
difference candidates; and constructing a first subset of vector difference candidates
based on the respective cost values, wherein determining the second set of vector
difference candidates comprises determining the second set of vector difference
candidates based on the first subset of vector difference candidates.

{6328} Clause 8A.  The method of any of clanses 1A-TA, further comprising:
determining respective cost values associated with candidates of the second set of vector
differcnce candidates, whercin constructing the vector difference candidate list
comprises constructing the vector difference candidate list based on the respective cost
values.

18329} Clause YA, The method of any of clauses 1A-8A, wherein the current block
is encoded 1n intra block-copy (IBC) merge mode with block vector differences (IBC-
MBVD), wherein the vector predictor is a block vector predictor {BVP), and wherein
the vector difference candidate bist is a block vector difference (BVD) candidate list.
{6330} Clause 10A.  The method of any of clauses 1A-9A, wherein the second
distance s less than or equal 1o the second pel-interval.

{8331} Clause HHA. A device for decoding video data, the device comprising: ong or
more memories configured to store the video data; and processing circuitry coupled to
the one or more memaries, the processing circuitry being configured to: determing a
vector predictor for a current block: determine a first set of vector difference candidates
based on a first pel-interval, the first pel-interval defining a first distance between
consecutive vector difference candidates in the first set of vector difference candidates
starting with the vector predictor; defermaine a second set of vector difference candidates
based on the first set of vector difference candidates and a second pel-interval, the
second pel-interval defining a second distance between consecutive vector difference
candidates in the second set of vector difference candidates, and the second pel-interval
being less than the first pel-interval; construct a vector difterence candidate list based on
the second set of vector difference candidates; determine a vector for the current block
based on the vector predictor and a vector difference from the vector difference
candidate Iist; and reconstruct the current block based on the vector for the current

block.
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10332} Clause 1ZA.  The device of clause 11A, wherein to determine the first set of
veetor difference candidates, the processing circuitry 18 configured to: add candidates to
the first set of vector difference candidates that are each a set of positions surrounding a
position of the vector predictor and an integer multiple of the first distance away from
the vector predictor.

{8333} Clause 13A.  The device of clause 12A, wherein to add candidates, the
processing circuitry is configured to add candidates until a range threshold is satisfied.
{0334} Clause 14A.  The device of any of clauses 12A and 13A, wherein to add
candidates, the processing circuitry is configured to add candidates until a cost value
associated with a eandidate of the first set of vector difference candidates satisfies a cost
threshold.

{0335} Clause 15A.  The device of any of clauses L IA-14A, wherein to deteoming the
second set of vector difference candidates, the processing circuitry is configured to:
include at least a subset of candidates of the first set of vector difference candidates n
the second set of vector difference candidates; and add candidates between the subset of
candidates of the first set of vector difference candidates based on an integer multiple of
the second distance.

{0336} Clause 16A.  The device of clause 15A, wherein to add candidates between the
subset of candidates, the processing circuitry is configured to add candidates to the
second set of vector difference candidates until a cost value associated with a candidate
of the second set of vector difference candidates satisfies a cost threshold.

10337} Clause 17A.  The device of any of clauses 11A-16A, wherein the processing
cireuttry is configured to: determine respective cost values associated with candidates of
the first set of vector difference candidates: and construct a first subset of vector
difference candidates based on the respective cost values, wherein to determine the
second set of vector difference candidates, the processing citcuitry is configured to
determine the second set of vector difference candidates based on the first subset of
vector difference candidates.

18338} Clause 18A.  The device of any of clauses 1TA-17A, wheremn the processing
cireuitry is configured to: determine respective cost values associated with candidates of
the second set of vector difference candidates, wherein fo construct the vector difference
candidate list, the processing circuitry is configured to construct the vector difference

candidate list based on the respective cost values.
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{0339} Clause 19A.  The device of any of clauses 11A-184A, wherein the current block
15 encoded 1n mtra block-copy (IBC) merge mode with block vector differences (IBC-
MBVD), wherein the vector predictor is a block vector predictor (BVP), and wherein
the vector difference candidate kst is a block vector difference (BVD) candidate list.
{0340} Clause 20A.  The device of any of clauses 11A-19A, wherein the second
distance is less than or equal to the second pel-interval.

10341} Clause 21A.  The device of any of clanses 11A-20A, wherein the device
comprises one or more of a camera, a computer, a mobile device, a broadceast receiver
device, or a set-top box.

{0342} Clapse 22A. A computer-readable storage medium storing instructions thereon
that when executed cause one or more processors to: determine a vector predictor for a
current block of video data; determune a first set of vector difference candidates based
on a first pel-interval, the first pel-interval definmg a first distance between consecutive
vector difference candidates in the first set of vector difference candidates starting with
the vector predictor; detemiine 3 second st of vector difference candidates based on the
first set of vector difference candidates and a second pel-interval, the second pel-interval
defining a second distance between consecutive vector difference candidates in the
second set of vector difference candidates, and the second pel-interval bemg less than
the first pel-interval; construct a vector difference candidate list based on the secound set
of vector difference candidates; determine a vector for the current block based on the
vector predictor and a vector difference from the vector difference candidate list; and
reconstract the current block based on the vector for the current block.

{0343} Clause 23A. A device for encoding video data, the device comprising: one or
more memorics configured to store the video data; and processing circuitry coupled to
the one or more memories, the processing circuitry being configured to: determine a
vector predictor for a current block of the video data; determinge a first set of vector
difference candidates based on a first pel-interval, the first pel-interval definung a first
distance between consecutive vector difference candidates in the first set of vector
difference candidates starting with the vector predictor; determine a second set of vector
difterence candidates based on the tirst set of vector difference candidates and a second
pel-interval, the second pel-interval defiming a second distance between consecutive
veotor difference candidates in the second set of vector difference candidates, and the

sccond pel-mterval being less than the furst pel-interval; construct a vector difference
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candidate list based on the second set of vector difference candidates; and signal an
index mnto the vector difference candidate list for decoding the current block.

{8344} ¥t 15 to be recogmzed that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or lefi out altogether {e.g., not all described acts or events are necessary
for the practice of the techriques). Moreover, in certain examples, acts or events may
be performed concurrently, e.g.. through muklti-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

{0345} In one or more examples, the functions described may be vuplemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over as one or more instructions of code
on a computer-readable medium and executed by a bardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or commumnication media
including anv medinm that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2} a communication meadium such as a signal or
carrier wave. Data storage media may be any avatlable media that can be accessed by
One OF MOTE COTPUISTS OF 0N OF MOTE Processors to retrieve nstructions, code and/or
data structures for implementation of the techmques described in this disclosure. A
computer program product may include a computer-readable medium.

{0346} By way of example, and not limitation, such computer-readable storage media
may include one or more of RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage, or other magnetic storage devices, flash memory, or any
other medun that can be used to store desired program code in the foom of Wnstructions
or data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. For example, if instructions are
transmitied from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digrtal subscriber Hue (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in
the definition of medium. It should be understood, however, that computer-readable

storage media and data storage media do not include connections, carrier waves, signals,
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or other transttory media, but are nstead directed to non-transitory, tangible storage
media. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile dise (BVD}, floppy disk and Bla-ray disc, where disks useally
reproduce data maguetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

18347} Instructions may be executed by one or more processors, such as one or more
DSPs, general purpose microprocessors, ASICs, FPGAs, or other equivalent integrated
or discrete logic civcuitry, Accordingly, the terms “processor” and “processing
cirawitry,” as used herein may refer to any of the foregoing stractures or any other
structure suitable for implementation of the techniques described hereinn. In addition, 1
some aspects, the functionality described 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
OnC OF 1oTe Circuiis of logic elements.

{0348} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, mcluding a wircless handset, an integrated circuit {IC) or a set of
ICs (e.g.. achip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspecis of devices configured to perform the
disclosed techmgues, but do not necessarily require realization by different hardware
units. Rather, as described above, various onifs may be combined in a codec hardware
unit or provided by a collection of mteroperative hardware units, inchuding one or more
processors as deseribed above, in conjunction with suttable software and/or firmware.
[8349] 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:

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

determining a vector predictor for a current block of the video data;

determining a first set of vector difference candidates based on a first pel-
interval, the first pel-interval defining a first distance between consecutive vector
difference candidates in the first set of vector difference candidates starting with the
vector predictor,

determining a second set of vector difference candidates based on the first set of
vector difference candidates and a second pel-interval, the second pel-interval defining a
second distance between consecutive vector difference candidates 1n the second set of
vector difference candidates, and the second pel-interval being less than the first pel-
interval;

constructing a vector difference candidate list based on the second set of vector
difference candidates;

determining a vector for the current block based on the vector predictor and a
vector difference from the vector difference candidate list; and

reconstructing the current block based on the vector for the current block.
2. The method of claim |, wherein deterouning the first set of vector difference
candidates comprises:

adding candidates to the first set of vector difference candidates that arc cach a
set of positions surrounding a position of the vector predictor and an integer multiple of

the first distance away trom the vector predicior,

3. The method of claim 2, wherein adding candidates comprnises adding candidates

until a range threshold is satisfied.

4, The method of claim 2, wherein adding candidates comprises adding candidates
until a cost value associated with a candidate of the first set of vector difference

candidates satistics a cost threshold.



WO 2024/147907 PCT/US2023/084380

5. The method of claim |, wherein deternuining the second set of vector difference
candidates comprises:

mchuding at least a subset of candidates of the first set of vector difference
candidates in the second set of vector difference candidates; and

adding candidates between the subset of candidates of the first set of vector

difference candidates based on an mteger muliiple of the second distance.

6. The method of claim 5, wherein adding candidates between the subset of
candidates comprises adding candidates to the second set of vector difference candidates
antil a cost value associated with a candidate of the second set of vector difference

candidates satisfies a cost threshold.

7. The method of claim 1, further comprising:

determining respective cost values associated with candidates of the first set of
vector ditference candidates; and

constructing a first subset of vector difference candidates based on the respective
cost values,

wherein determining the second set of vector difference candidates comprises
determaining the second set of vector difterence candidates based ou the tirst subset of

vector difference candidates.

&. The method of claim 1, further comprising:

determining respective cost values associated with candidates of the second set
of vector difference candidates,

wherein constructing the vector difference candidate list comprises constructing

the vector difference candidate list based on the respective cost valuges.

g. The method of claim 1, wherein the current block 1s encoded in intra block-copy
(IBC) merge mode with block vector differences (IBC-MBVD), wherein the vector
predictor is a block vector predictor (BVP), and wheremn the vector difference candidate

hist 1s a block vector difference (BVD) candidate list.

10, The method of claun I, wherem the second distance s less than or equal to the

second pel-nterval.
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11, A device for decoding video data, the device comprising:
one or more memorics configured o store the video data; and
processing circuitry coupled to the one or more memories, the processing
cireuitry being configured to:
determine a vector predictor for a current block;
determine a first set of vector difference candidates based on a first pel-
iterval, the first pel-interval defining a first distance between consecutive vector
difference candidates in the first set of vector difference candidates starting with
the vector predictor;
determing a second set of vector difference candidates based on the first
set of veetor difference candidates and a second pel-interval, the second pel-
mterval defining a second distance between consecutive vector difference
candidates in the second set of vector difference candidates, and the second pel-
interval being less than the first pel-interval;
construct a vector difference candidate list based on the second set of
vegtor difference candidates;
determing a vector for the current block based on the vector predictor and
a vector difference from the vector difference candidate hist; and

reconstruct the current block based on the vecior for the current block.

12. The device of claim 11, wherein to determine the first set of vecior difference
candidates, the processing circuitry is configured to!

add candidates to the first set of vector difference candidates that are cach a set
of positions surrounding a position of the vector predictor and an integer multiple of the

first distance away from the vector predictor.

13, The device of claim 12, wherein to add candidates, the processing circuitry is

configured to add candidates until a range threshold is satisfied.

14, The device of claim 12, wherem to add candidates, the processing circuitry is
configured to add candidates until a cost value associated with a candidate of the first

set of vector difference candidates satisfies a cost threshold.



WO 2024/147907 PCT/US2023/084380

15. The device of clamm 11, wheremn to determine the second set of vector difference
candidates, the processing circuitry is configured to:

inchude at least a subset of candidates of the first set of vector difference
candidates in the second set of vector difference candidates; and

add candidates between the subset of candidates of the first set of vector

difference candidates based on an mteger muliiple of the second distance.

16. The device of clamm 13, wherem to add candidates between the subset of
candidates, the processing circuitry is configured to add candidates to the second set of
vector difference candidates until a cost value associated with a candidate of the second

set of vector difference candidates satisfies a cost threshold.

17. Thedevice of claim 11, wherein the processing circuitry i1s configured to:

determine respective cost values associated with candidates of the first set of
vector ditference candidates; and

construct a first subset of vector difference candidates based on the respective
cost values,

wherein to determine the second set of vector difference candidates, the
processing circuitry is configured to determine the second set of vector difference

candidates based on the first subset of vector difference candidates.

18, The device of claim 11, wherem the processing circuitry 1s contfigured to:
determine respective cost vahies associated with candidates of the second set of
vector difference candidates,
wheren to construct the vector difference candidate list, the processing circuitry
ts configured to construct the vector differcnee candidate list based on the respective

cost values,

19, The device of claim 11, wheremn the current block 1s encoded in intra block-copy
(IBC) merge mode with block vector differences (IBC-MBVD), wherein the vector
predictor is a block vector predictor (BVP}, and wheren the vector difference candidate

list is a block vector difference {(BVD) candidate list.
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20, The device of claim 11, wherein the second distance is less than or equal to the
second pel-interval.
2% The device of claim 11, wherein the device comprises one or more of a camera,

a computer, a mobile device, a broadcast receiver device, or a set-top box.

A device for encoding video data, the device comprising:

N2
.t\)

one or more memories configured to store the video data; and
processing circmtry coupled to the one or more memories, the processing
crrcuitry being configured to:

determing a vector predictor for a current block of the video data;

deternune a first set of vector difference candidates based on a fivst pel-
interval, the first pel-interval defiming a first distance between consecutive vector
difference candidates in the first set of vector difference candidates starting with
the vector predictor;

determine a second set of vector difference candidates based on the first
set of vector difference candidates and a second pel-interval, the second pel-
mterval defining a second distance between consecutive vector difference
candidates w the second set of vector difference candidates, and the second pel-
mterval being less than the first pel-interval;

construct a vestor difference candidate list based on the second set of
vector difference candidates; and

signal an index into the vector difference candidate list for decoding the

current block.



