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VECTOR DIFFERENCE CANDIDATE LIST CONSTRUCTION

{3001} This apphication 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 Fanuvary 17, 2023, the
cutire condents of which are hereby incorporated by reference herein. U.S. Patent
Apphication No. 18/540,046, filed Decomber 14, 2023 claims the benefit of UK,
Provisional Application No. 637478323, filed January 03, 2023 and U.S. Provisional

Application No. 63/4380,280, filed January 17, 2023,

TECHNICAL FIELD

19602} This disclosure relates to video encoding and video decoding,.

BACKGROUND

16603} Digital video capabilities can be teorporated into a wide range of devices,
mcluding digital televisions, digital direct broadcast svstems, wireless broadcast
systems, personal digital assistants (FDAs), laptop or desktop computers, tablet
computers, ¢-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 hike. Dhgital video devices implement video coding technigques, 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 (AVQ), ITU-T H.265/High Etficiency
Video Coding (HEVC), TTU-T H.266/Versatile Video Coding (VVQ), and extensions of
such standards, as well as proprictary video codecs/formats such as AQMedia Video 1
{AV 1) that was developed by the Alliance for Open Media. The video devices may
transmit, receive, encode, decode, and/or store digital video nformation more
efficiently by implementing such video coding techniques.

18604} Video coding techniques include spatial {intra-picture) prediction and/or
temporal (mter-picture} prediction to reduce or remove redundancy wnherent in video
sequences. For block-based video coding, a video slice {e.g., a video picture ora
portion of a video picture} may be partitioned 1nvto video blocks, which may alsc be
referred to as coding tree wnits {CTUs), coding uruts {CUs) and/or coding nodes. Video

blocks 10 an mtra~coded (1) stice of a picture are encoded using spatial prediction with
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respect to reference saraples in neighboring blocks m the same picture. Video blocks in
an infer-coded (P or B) shice of a picture may use spatial prediction with respect to
reference samples m neighbornng blocks in the same picture or temporal prediction with
respect to reference samples in other reference pictures. Pictures may be referred to as

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

SUMMARY

[3305] In gencral, this disclosure describes techniques for constructing a vector
difference candidate list {g.g , block vector difference (BVD) candidate list or motion
vector difference (MVD) candidate list). As descrnibed in more detail, a video coder
{c.g., video encoder or video decoder) may determine a set of vector difference
candidates from which the video coder may construct 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.

18606] Coding gains may be realized with an mcrease in the granularity of distance
between vector difference candidates and/or an increase in the number of directions
relative to a vector predictor that are evaluated. However, an increase i 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.

[80607] This disclosure describes example techniques of constructing the vector
difference candidate list in ways that allow for an increase in the number of vecior
difference candidates, while reducing coding delays from mereased calculations. For
mstance, the example techniques describe ways tor dyvnamically deterovning which
candidates are evaluated for inclusion in the vector difference candidate list so that there
is a higher likelihood that more destrable candidates are meluded in the vector
difference candidate list, while minimizing processing time mefficiencies. In this
manner, the example techniques provide a practical application for constructing a vector
difference candidate list in a manner that improves the overall operation of video coding
technigues.

[6608] In one example, 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 differcnce candidates based on a first pel-imterval, the
first pel-mterval defining a first distance between consecutive vector difference
candidates n the first set of vector difference candidates starting with the vector
predictor; determining a second set of vector difference candidates based on the first sat
of vector difference candidates and a second pel-iderval, the second pel-interval
defining a second distance between consecuiive vector difference candidates in the
second set of vector difference candidates, and the second pel-interval being foss than
the first pel-interval; constructing a vector difference candidate Hist based on the second
set of vector difference candidates, determiming 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.

{6009} fo one example, the disclosure describes a device for decoding video data, the
device comprising: one or morg memories configured 1o store the video data; and
processing circnitry coupled to the one or more memories, the processing circuitry being
configured to: detemune 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 conseeoutive 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 sccond
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 beimg 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 vecior difference from
the vector difference candidate list; and reconstruct the current block based on the
vector for the current block.

(8318 In one example, the disclosure describes a computer-readable storage medium
storing instructions thereon that when executed cause one or more processors o
determine a vector predictor for a current block of video data; determme a first set of
vector difference candidates based on a first pel-interval, the first pel-interval definiong 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 sccond

pel-interval, the second pel-interval defining a second distance between consecutive
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vector difference candidates in the second sct of vector difference candidates, and the
second pel-interval bemng 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.

18611} In one example, the disclosure deseribes a device for encoding video data, the
device comprising: one or more memorics configured to store the video data; and
processing circuiiry 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;
determine a first set of vector difference candidates based on a first pel-interval, the first
pel-tnderval defining a first distance between consecutive vector difference candidates
the first set of vector difference candidates starting with the vector predictor; detenming
a second set of vector difference candidates based on the first set of vector difference
candidates and a second pel-interval, the second pel-uderval defining a second distance
between consecutive vector difference candidates 1 the second set of vector difference
candidates, and the second pel-interval being less than the first pelnterval; construct a
vector difference candidate list based on the second set of vector difference candidates;
and signal an index wto the vector ditference candidate bist for decoding the current
block.

{831 2] The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

{6613} FIG. 1 is a block diagram illustrating an example video encoding and decoding
system that may perform the techmuques of this discloswre.

(8014} FIG. 2 15 a block diagram illustrating an example video encoder that may
perform the technigues of this disclosure.

[B315] FIG. 3 18 a block diagram Hustrating an example video decoder that may
perform the techniques of this disclosure.

18616} FIG. 4 15 a flowchart ilustrating an example method for encoding a current

block n accordance with the techmigues of this disclosure.
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18617} FIG. 5 15 a flowchart itlustrating an example method for decoding a current
block n accordance with the techmgues of this disclosure.

(8618} FIG. 615 a conceptual diagram illustrating an example of padding candidates for
the replacement of a zero-vector in an mira-block copy (IBC) hist,

{6619} FIGS. 7A-TD are conceptual diagrams dlustrating examples of IBC reference
region depending on current coding unit {CU) position.

18620] FIG. 8 15 a conceptual diagram illustrating an example of a reference area for
IBC with coding tree untt {CTU) 1s coded.

18621} FIG. 915 a conceptual diagram illustrating an example of template and reference
samples of a template in reference pictures.

(8622 FEG. 10 is a conceptual diagram tHlustrating an example of template and
reference samaples for the template for block with sub-block mation using rootion
information of the sub-bocks of the current block.

19623] FIG. 11 is a conceptual diagram illustrating examples of additional directions
along k¥#/8 diagonal angles.

(8024 FIGS. 12A and 128 are conceptual diagrams iHlustrating block vector (BVY)
adjustment for honzontal flip and vertical flip, respectively.

[8325] FIG. 13 18 a conceptual diagram iHustrating a first derivation step for a vector
difference candidate list.

16626} F1G. 14 15 a conceptual diagram illustrating a second denvation step for the
vector difference candidate list.

(8627} FIG. 15 is a conceptual diagram dustrating a third denivation step for the vector
differgnce candidate list.

[B80628] FIG. 16 13 a conceptual diagram Hustrating a fourth derivation step for the
vector difference candidate list.

18629} FIG. 17 is a conceptual diagram 1Hustrating an example of an advanced motion
vector prediction (AMVP) process.

16638} FIG. 18 is a conceptual diagram illustrating another example of the AMVP
process with template search starting from prefin vector.

(8631} FIG. 19 is a flowchart tustrating ancther example method for decoding a
current block in accordance with the technigues of this disclosure.

[8332] FIG. 20 18 a flowchart iHustrating another example method for encoding a

current block 1n accordance with the technigues of this disclosure,
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[8633] FIG. 21 is a flowchart iHlustrating an example method of constructing a vecior
difference candidate hist.
(8634} FIG. 22 is a flowchart tustrating another example method of constructing a

vector difference candidate list.

DETAILED DESCRIPTION

[8035] In video coding, a video encoder may determine a vector {¢.g., motion vector for
nter-prediction or block vector for intra block copy IBCY) for a current block.
However, rather than signaling information of the vector for the current block, the video
cucoder may signal information dicative of a vector predictor (e.g., such as a vector of
a neighboring block) and a vector difference between the vector of the current block and
the vector predictor.

(8836} In onc or more examples, rather than or m addition to signaling wformation of
the vector difference, the video encoder and video decoder may construct a vector
difference candidate hist. The video encoder may signal and video decoder may receive
an index into the vector difference candidate list. The video decoder may determing the
vector difference based on the mdex, and determinge the vector for the current block
based on the vector difference {e.g., summing the vector difference and the vector
predictory. The video decoder may determine a prediction block based on the
determined vector. The video decoder may also roceive, from the video encoder,
residual information 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 {e.g., adding the prediction block and the residual mformation).

186337] 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 hist {e.g., block vector difference (BY D} hist) of eight candidates for
cach vector predictor (o.g.. block vector predictor {(BVP)) using template matching to
reorder a set of vector difference candidates (e.g., 80 vector difference candidates).
3038} There may be codimg efficiency gains by increasing the mumber of vector
difference candidates {e.g., going from 30 o 1024), such as by mereasing granvlarity 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 maiching 1s used, there may be 1024
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template matching (T™M) sum of absolute difference (SAD) calculations for each vecior
predictor if there are 1024 vector difference candidates, compared to 80 TM SAD
calculations if there are 80 vector difference candidates.

18639} This disclosure describes example techniques to add candidates to a sabset of
vector difference candidates, reorder the candidates (¢ 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 Hmit the number of candidates that are
cvaluated (¢.g., for cach step there are limuted number of vector candidates to evaluate),
while also allowing for an increase in the granulanty and directions of vecior candidates
that are evaluated.

(8648} For example, in IBC-MBVD, in some technigues, a video 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 example, there may be 80
BYDs that are predefined. The vides encoder and video decoder may add cach of the
80 BYDs to a BYP, and for cach resulting BV candidate (c.g., 80 BV candidates), the
video encoder and the video decoder may determine a respective cost value {¢.g., using
template matching techniques). The video encoder and video decoder may determine
the 8 BV Ds that resulied in the lowest cost, and reorder the 8 BYDs from lowest cost to
highest cost to construct a BVD candidate hist

(8341 However, there may be certain issues with such techniques. For instance,
because the 80 BYDis are predefined, there may be a BVD that provides better coding
gains that 15 not evaluated. One way to address this issue is to increase the mumber of
BVDs that are evaluated. However, increasing the number of BVDs that are evaluated
mereases compatational complexity and delays processing.

{8642} For oxample, the BV Ds that are evaluated may be defined in terms of “pels” that
defines a nwuber of samples away from the BVP that the video encoder and the video
decoder evaluate. As an example, a distance of 50-pel may mean that the video encoder
and the video decoder add or subtract 56 (2 .g., the BVD is 503 from the x~coordinate of
the BVP, and determine a BV candidate. The video encoder and the video decoder may
deteroine a cost value for this BVD. K may be possible for the video encoder and the
video decoder to evaluate at a granulanty of T-pel, 2-pel, 3-pel, 4-pel, and so forth,
However, as mentioned above, mereasing the granularity of the number of BY Ds that

are evaluated can be mefficient.
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16643} This disclosure describes example techuigues 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
st of vector difference candidates that are all evaluated for constructing the vector
difference candidate list. in this manner, the vector difference candidates {e.g., BVDs)
that are evaluated are dyvnamically determined, and can result i evaluating vector
difference candidates that are likely to provide coding gains, as compared to examples
where the vector difference candidates are predefined.

18644} For example, the video encoder and the video decoder may determine a vecior
predictor {¢.g., BVP} for a carrent block, and determine a first set of vecior difference
candidates based on a first pel-interval. For instance, the first pel-interval may define 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 BY Ds having values of 4-pel, 8-pel. 12-
pel, 16-pel, and so until a range threshold is satisfied, or a cost threshold 1s satisfied. In
this example, the first pel-interval may be considered as four because four s the
distance between the vector difference candidates starting with the vector predictor.
Also, the distance between consecutive vector difference candidates s four {e.g., 4-pel
10 8-pel is 4-pel, 8-pel to 12-pel s 4-pel, and so forth).

[8345] The video encoder and the video decoder may add candidates fo the first set of
vector difference candidates that are cach a set of posttions surrounding a position of the
vector predictor and an integer muktiple of the first distance away from the vector
predictor. For instance, the first vector difference candidate m the first set of vector
difference candidates 15 4-pel away from the vector predictor, the second vector
difference candidate in the first set of vector difference candidates 1s 2*4-pel (e, 8-pel)
away from the vector predictor, the third vector dufference candidate mn the first set of
vector difference candidates is 3%4-pel (i.e., 12-pel} away from the vector predictor, and
so forth.

18646} The video encoder and the video decoder 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 between consecutive
vector difference candidates in the second set of vector difference candidates. The
second pel-interval may be less than the fust pel-interval. For example, if the first pel-

wnterval 1s 4-pel, the sccond pel-imterval may be 2-pel or less than 2-pel.



WO 2024/147907 PCT/US2023/084380

(80471 As an cxample, 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 integer muftiple of the second
distance. For example, assume two vector difference candidates from the first set of
vector difference candidates are included mn the second set of vector difference
candidates. If the second pel-interval is 2-pel and the second distance s equal to Z-pel,
then the video encoder and the video decoder may add one more vector difference
candidate between the two difference candidates trom the first set of vector difference
candidates to generate the scoond set of vector difference candidates. f the second pel-
interval 1s 1-pel and the second distance is equal to 1-pel, then the video encoder and the
video decoder may add three more vector difterence candidates between the two
difference candidates from the first set of vector difference candidaies to generate the
second set of vector differcnce candidates.

6048} The video encoder and the video decoder may construct a vector difference
candidate list based on the sccond 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 example, the video encoder and the video decoder may iteratively repeat the
above steps with smaller and smaller pel-intervals (e.g., shorier and shorter distances)
until a pel-interval threshold.

1638349} Accordingly, n one or more examples, such as for IBC-MBVD list derivation
{(c.g., the vector difference candidate hist 1s the IBC-MBV list), the example technigues
allow for adaptive BVD offsets along MBVD directions. For example, the video
encoder and the video decoder may perform a MBVE candidates search is a two-step
algorithm, or possibly more where iterative sieps 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 iterval of M-pel. The sccond step of the search checks cost
values for intermediate candidates arcund the selected candidates from the first step.
The candidates with the lowest cost are included 1o the final MBVYD list {c.g., inthe
vecotor difference candidate Tist).

18658} The video encoder may sigoal an index into the vector difference candidate list,
and the video decoder may deterroine a vector for the current block based on the vector

predictor and the vector difference deternuned from the index (e .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 bloc

(8651} FIG. 1 1s a block diagram illustrating an example video encoding and decoding
systern 100 that may perform the techniques of this disclosure. The technigues 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, vnencoded video, encoded video, decoded {e.g., reconstrucied) video, and
video metadata, such as signaling data.

[8682] As shown in FIG. 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displayed by a destination device 116, in thus
cxample. In particular, source device 102 provides the video data to destination device
116 via a computer-readable mediuo 116, Source device 102 and destination device
116 may be or include any of a wide range of devices, such as desktop computers,
notebook {i.¢., laptop) computers, mobile devices, tablet computers, set-top boxes,
telephone bandsets 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 comumumication, and thus may be referred to as wireless
communication devices.

[B8353] In the example of FIG. 1, source device 102 includes video source 104, memory
106, video encoder 206, and output interface 108, Destination device 116 mehudes
input inderface 122, video decoder 300, memory 1290, 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 (o.g.. motion vector difference (MY D) or
block vector difference (BV D) 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 interface with an external
display device, rather than include an infegrated dispiay device.

{6654} Systern 100 as shown in FIG. 1 1s merely one examople. o goneral, any digital

video encoding and/or decoding device may perform fechnigues for vector difference
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candidate bist construction {(¢.g., motion vector difference (MVD) or block veoctor
difference (BVYD) candidate list construction}. Source device 102 and destination
device 116 are merely examples of such coding devices 1in 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, 1 particular, a video cancoder and a video decoder, respectively. In some
exaraples, source device 102 and destination device 116 may operate in a substantially
symmetrical manner such that each of source device 102 and destination device 116
mcludes video encoding and decoding components. Hence, system 100 may support
ong-way of two-way video transnuigsion between source device 102 and destination
device 116, ez, for video streaning, video plavback, video broadcasting, or video
telephony.

186355] In general, video source 104 represents a source of video data {1.¢, raw,
unencoded video data) and provides a sequential series of pictures (also referred to as
“frames”) of the video data to video encoder 200, which encodes data for the pictures.
Video source 104 of source device 102 may include a video capture device, such as a
video camera, a video archive containing previously captured raw video, and/or a video
feed mterface to receive video from a video content provider. As a further altomative,
video source 104 may generate computer graphics-based data as the source video, or a
combination of live video, archived video, and computer-generated video. In each case,
video encoder 200 encodes the captured, pre-captured, or computer-generated video
data. Video encoder 200 may rearrange the pictures from the received order (sometimes
referred to as “display order™) mto a coding order for coding. Video encoder 200 may
generate a bitstream including encoded video data. Source device 102 may then output
the encoded video data via output interface 108 onto computer-readable medium 110 for
reception and/or retrieval by, ¢.g., imput interface 122 of destination device 116,

[8656] Memory 106 of soarce device 102 and memory 120 of destination device 116
represent general purpose memories. i 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 altematively, memories 106, 120 may store software
instructions executable by, ¢.g., video encoder 200 and vides decoder 300, respectively,
Although memory 106 and memory 120 are shown separately from video encoder 200

and video decoder 300 in this example, it should be understood that video encoder 200
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and video decoder 300 may also include intemal memeones for functionally sivular or
cquivalent purposes. Furthermore, memories 106, 120 may store encoded video data,
¢.g., output from video encoder 200 and mput to video decoder 30{ In some examples,
portions of memornies 106, 120 may be allocated as one or more video buffers, ¢.g.. to
store raw, decoded, and/or encoded video data.

[8357] Computer-readable medium 110 may represent any type of medium or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable meduura 110 reprosents a
communication medinm 1o enable source device 102 to transmit encoded video data
directly to destination device 116 in real-time, ¢.g., via a radio frequency network or
computer-based network. Output interface 108 may modulate a transmission signal
including the cocoded video data, and mput 1oterface 122 may demodulate the reccived
transmission signal, according to a communication standard, such as a wircless
communication protocol. The communication mediim may include any wireless or
wired communication medium, such as a radio frequency (R¥) spectrum or one or more
physical transmission hines. The communication medium may form part of a packet-
based network, such as a local arca network, a wide-area network, or a global network
such as the Infernet. The communication medium may include routers, switches, base
stations, or any other equipment that may be useful to facilitate communication from
source device 102 to destination device 116,

[B358] In some examples, source device 102 may cutput encoded data from output
interface 108 to storage device 112, Similardy, destination device 116 may access
encoded data from storage device 112 via mput mterface 122, Storage device 112 may
mnclude any of a variety of distributed or locally accessed data storage media such as a
hard drive, Bhi-ray discs, BVDs, CB-ROMs, flash memory, volatile or non-volatile
memaory, or any other suitable digital storage media for storing encoded video data.
[B359] In some examples, source device 102 may output encoded video data to file
server 114 or ancther 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.

16668} Fie server 114 may be any tyvpe of server deviee capable of storing encoded
video data and transmuitting that encoded video data to the destination device 116, File
scrver 114 may represent a web server {e.g., for a website), a server configured fo

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 transter 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 alteraatively,
tplement one or more HUTP streaming protocols, such as Dyvnamie Adaptive
Streaming over HTTP (BASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Dynamic Streaming, or the like.

{8661} Destination device 116 may access encoded video data from file server 114
through any standard data connection, mcluding an Internet connection. This may
mclude a wireless channel (e g., a Wi-Fi connection), a wired connection (e.g., digital
subscriber line {DSL), cable modem, etc ), or a combination of both that is suitable for
accessing cucoded video data stored on file server 114, Input interface 122 may be
configared to operate according to any one or more of the various protocols discussed
above for retricving or receiving media data from file server 114, or other such
protocols for retnieving media data.

186621 Output mnterface 108 and put mterface 122 may represent wireless
transmitters/recetvers, modems, wired networking components (e.g., Ethemet cards),
wireless communication components that operate according to any of a vanety 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
mnterface 122 may be configured (o transfer data, such as encoded video data, according
to a celhular communication standard, such as 4G, 4G-LTE {Long-Temm Evolution),
LTE Advanced, 5G, orthe like. In some examples where output mterface 108 includes
a wireless transmitier, output inferface 108 and input mterface 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 TEEE 802,15 specification {c.g., ZigBee™, 5
Bluetooth™ standard, or the hike. In some examples, source device 102 and/or
destination device 116 may include respective system-on-~a-~chip (50C) deviges. For
example, source device 102 may include an SoC device to perform the functionality
atirtbuted to video encoder 200 and/or output interface 108, and destination device 116
may include an SoC device to perform the functionality atinibuted to video decoder 300
and/or mput interface 122

6063} The techuiques of this disclosure may be applied to video coding in support of

any of a vanety of multimedia apphications, such as over-the-air television broadeasts,
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cable television transnussions, satelitte television transmissions, Internet strearaing
video transnussions, such as dynamic adaptive streaming over HTUTP (DASH), digital
video that 1s encoded onto a data storage mediim, decoding of digital video storedon a
data storage medium. o7 other applications.

(8064} Input interface 122 of destination device 116 receives an encoded video
bitstream from computer-readable medium 110 {e.g., a communication medium, storage
device 112, file server 114, or the like}. The encoded video bitstream may inchude
signaling information defined by video encoder 200, which is also used by video
decoder 300, such as syntax elements having values that describe characteristics and/or
processing of video blocks or other coded units (e.g., slices, pictures, groups of pictures,
sequences, or the like). Phsplay device 118 displays decoded pictures of the decoded
video data to a user. Display device 118 may represent any of a variety of display
devices such as a liguid crystal display (LCD}, a plasma display, an organic light
emitting diode {OLED) display. or another type of display dovice.

16665] Although not shown m FIG. 1, 1o some examples, video encoder 200 and video
decoder 300 may each be ntegrated with an audio encoder and/or audio decoder, and
may mclude appropriate MUX-DEMUX units, or other hardware and/or software, to
handle meltipiexed streams including both audio and video in a common data siream.
(8866} Video encoder 200 and video decoder 300 cach may be implemented as any of a
variety of suitable encoder and/or decoder circuitry, such as one or more
migroprocessors, digital signal processors (D5Ps}, applhication specific injegrated
circuits {ASICs), ficld programmable gate amays (FPGAs), discrete logic, software,
hardware, firmware or any combinations thereof, When the technigues are implemented
partially in software, a device may store mstructions for the software in a suitable, non-
transitory computer-readable mediom and execute the instructions in hardware using
one OF MOTC processors 1o perform the techmgues of this disclosure. Hach of video
encoder 200 and video decoder 300 may be mcluded in one or more encoders or
decoders, gither of which may be integrated as part of a combined encoder/decoder
(CODECY in a respective device. A device including video encoder 200 and/or video
decader 300 may mplement video encoder 200 and/or video decoder 300 in processing
circuitry such as an integrated circuit and/or a microprocessor. Such a device may be a
wirgless communication device, such as a cellular telephone. or any other type of device

described heremn.
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16667} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-T H.2685, also referred to as High Efficiency Video
Coding (HEVC) or extensions thereto, such as the muldti-view and/or scalable video
coding extensions. Alternatively, video encoder 200 and video decoder 300 may
operate according to other proprictary or industry standards, such as F'TU-T H.266, also
referred to as Versatile Video Coding (VYV}, In other examples, video encoder 200
and video decoder 300 may operate according fo a proprictary video codec/format, such
as AOMedia Video 1 (AV 1), extensions of AV, and/or successor versions of AV {e.g.,
AV2}. In other examples, video encoder 200 and video decoder 300 may operate
according to other proprictary formats or industry standards. The technigues of this
disclosure, however, are not limited 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 confunction with any video coding technigues that use
vector difference candidate list construction (¢.g., motion vector difference (MVD) or
block vector difference (BVE) candidate bist construction).

18668} In general, video encoder 200 and video decoder 300 mayv perform block-based
coding of pictures. The term “block™ generally refers to a structure including data to be
progessed {e.3., encoded, decoded, or otherwise used 1n the encoding and/or decoding
process). For example, a block may include a two-dinensional reatrix of samples of
tummance and/or chrominance data. In general, video encoder 200 and video decoder
300 may code video data represented ina YUV {e.g., Y, Ch, Tr) 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 humimance and chrominance components, where the
chrominance components may include both red hue and bhue hue chrominance
components. [n some examples, video encoder 200 converts received RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converis the
YUV representation to the RGB format. Alternatively, pre- and post-processing units
{not shown} may perform these conversions.

18669 This disclosure may generally refer to coding {¢.g., encoding and decoding} of
pictures to include the process of encoding or decoding data of the picture. Sinularly,
this disclosure may refer fo coding of blocks of a picture to include the process of
encoding or decoding data for the blocks, e.g., prediction and/or residual coding. An
eneoded video bitstrearn generally includes a series of values for syntax elements

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 clements formmg the picture or block.

(8678} HEVC defines various blocks, mchuding coding units (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 quadiree
structure. That is, the video coder partitions CTUs and CUs into four eqoal, non-
overlapping squares, and each node of the quadtree has etther zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leaf
nodes may mchude one or more PUs and/or one or more TUs, The video coder may
further partition PUs and TUs. For example, mm HEVC, a residual gquadtree (RQT)
represents partitioning of TUs. In HEVC, PUs represent infer-prediction data, while
TUs represent residual data. CUs that are mtra-predicied mclude intra~-prediction
information, such as an mtra-mode indication.

18671} As ancther example, video encoder 200 and video decoder 300 may be
contigured to operate according to VVC. According to VVC, a video coder (such as
video encoder 204 partitions a picture into a phlurality 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 multiple partition tvpes, such as the separation between CUs, PUs, and
TUs of HEVC. A QTBT structure includes two levels: a first level partitioned according
to guadiree 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 Clls,

(8672} In an MTT partitioning structure, blocks may be partitioned using a quadtree
(1) partition, a binary troe {B'T) partition, and one or more types of triple tree (TT}
{(also called temary tree (TT)) partitions. A triple or temary tree partifion is a partiion
where a block is split mnto three sub-blocks. In some examples, a triple or termary tree
partition divides a block into three sub-blocks without dividing the oniginal block
through the center. The partitioning types in MTT {e.g.. QT, BT, and TT}, may be
symmetrical or asymunetrical.

16673} When operating according to the AV1 codec, video encoder 200 and video
decoder 300 may be counfigured to code video data in blocks. In AV, the largest coding
block that can be processed is called a superblock. Tn AV, a superblock can be cither

128x1238 huma samples or 64x64 luma samples. However, 1n successor video coding
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formats (¢.g., AVZ2}, a superblock may be defined by different {c.g., larger) luma sample
sizes. In some examples, a superblock s the top level of a block quadtree. Video
encoder 200 may further partition a superblock into smaller coding blocks. Video
encoder 200 may partition a superblock and other coding blocks mato smaller blocks
using square or non-square partitioning. Non-square blocks may include N/2xN,
NxIN/2, 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.
[6674] AV also defines a tile of video data. A tile 1s a rectangular array of superblocks
that may be coded independently of other tiles. That 15, 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 filtening across tile boundaries. Tiles may be umiform or non-uniform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder implementations.

16675} In some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent each of the luminance and chromuinance
components, while 1n other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures, such as one QFRT/MTT structure for the
tluminance component and another QTRT/MTT structure for both chrominance
components {or two QTBT/MTT structures tor respective chrominance components),
[8376] Video encoder 200 and video decoder 300 may be configured to use guadtree
partitioning, TBT partitioning, MTT partitioning, superblock partitioning, or other
pariitioning structures,

00771 In some examples, 3 CTU mehudes a coding tree block (CTB) of luma samples,
two corresponding {TBs of chroma samples of a picture that has three sample arravs, or
a CTB of samples of a monochrome picture or a picture that is 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 value of N such that the division of a component into
{TBs is a partitioning. A component is an array or single sample from one of the three
arravs (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. fo some examples, a coding block 15 an MxN block of samples
for some values of M and N such that a division of a CTB into coding blocks is a

partitioning.
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{8678} The blocks {e.g., CTUs or CUs} may be grouped in various ways in a picture,
As one example, a brick may refer to a rectangular region of CTU rows within a
particalar tile in a picture. A tile may be a rectangular region of CTUs within a
particular tile column and a particular tile row 1o a picture. A tile column refers to a
rectanguiar 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 parametor set). A tile row
refers to a rectangular region of UT'Us having a height specified by syotax elements
{c.g.. such as in a picture parameter set) and a width equal to the width of the picture.
16679} In some examples, a tile may be partitioned into multiple bricks, each of which
may nclude one or more CTU rows within the tile. A tile that 1s not partitioned into
mudtiple bricks may aiso be referred to as a brick. However, a brick that is a true subset
of a tilc may not be referred to as atide. The bricks in a picture may also be arranged in
aslice. A shice may be an integer number of bricks of a pictore that may be exclusively
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 sequence of complete
bricks of one tile.

(8888} This disclosure may use “NxN” and “N by N7 mterchangeably to refer {o 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 samples in a
vertical direction and N samples in a honzontal 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 nomber of samples in the horizontal
direction as in the vertical direction. For example, CUs may include NxM samples,
where M 1s not necessanly equal to N.

{3081} Video encoder 200 encedes video data for CUs representing prediction and/or
residual mformation, and other information. The prediction information indicates how
the CU is to be predicted in order to form a prediction block for the CU. The residual
mformation gencrally represents sample-by-sample differences between sanples of the
CU prior {0 encoding and the prediction block.

18082} To predict a CU. video encoder 200 may generally form a prediction block for
the CU through inter-prediction or itra-prediction. Imter-prediction generally refers to

predicting the CU from data of a previously coded picture, whereas intra-prediction
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generally refors to predicting the CU from previously coded data of the same picture.
To perform inter-prediction, video encoder 200 may generate the prediction block using
ong or more motion vectors. Video encoder 200 may generally perform a motion search
to identify a reference block that closely matches the CU, ¢z, in terms of differences
between the CU and the reference block. Video encoder 200 may caleulate a difference
metric using a sum of absolute difference (SAD), sum of squared differences (85D,
mean absolute difference {MAD), mean squared differences {MSD), or other such
difference calculations to determine whether a reference block closelv matches the
current CU. In some examples, video encoder 200 may predict the current CU using
ani-directional prediction or bi-directional prediction.

(8683 Some examples of VVC also provide an affine motion compensation mode,
which may be cousidered an inter-prediction eode. In affine motion compensation
mode, video encoder 200 may determine two or more motion vectors that represent non-
transiational motion, such as zoom 10 or out, rotation, perspective motion, or other
irregular motion types.

18684} To perform intra~-prediction, video encoder 200 may select an intra-prediction
mode to generate the prediction block. Some examples of VVC provide sixty-seven
intra~-prediction modes, wcluding various directional modes, as well as planar mode and
D mode. In general, video cucoder 200 sclects 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
feft, or to the left of the current block in the same piciure as the current block, assuming
video encoder 200 codes CTUs and CUs in raster scan order (left to right, top to
botiom).

[8GRS] Video encoder 200 encodes data representing the prediction mode for a current
black. For example, for inter-prediction modes, video encader 200 may encode data
representing which of the various available inter-prediction modes 18 used, as well as
motion information for the corresponding mode. For uni-directional or bi-directional
ter-prediction, for example, video encoder 200 may encode motion vectors using
advanced motion vector prediction {AMVYP) or reerge mode. Video encoder 200 maay
use similar modes to encode motion vectors for affine motion compensation mode.
18086} AV includes two general techniques for encoding and decoding a coding block
of video data. The two general techniques 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 comtext of AV L, 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 basced on the differcnce between
sample values 1 the current block and predicted values generated frora reference
samples in the same frame. Video encoder 200 determines predicted values generated
from the reference samples based on the mitra prediction mode.

16087} Following prediction, such as intra-prediction or inter-prediction of a block,
video encoder 200 may calenlate residual data for the block. The residual data, such as
a residaal 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 mav apply one or more transforms to the residual block, to produce
transtormed data 1o 3 transform domain mstead of the sample domaim. For exampile,
video encoder 200 may apply a discrete cosine transform (BCT), an nteger transform, a
wavelet transform, or a conceptually stmilar transform to residual video data.
Additionally, video encoder 200 may apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary transform (MDNSST), a
signal dependent transform, a Karhunen-Loeve transform (KET), or the fike. Video
encoder 200 produces transform coefficients following application of the one or more
transforms.

8388 As noted above, following any transforms to produce transform cocflicients,
video encoder 200 may perform quantization of the transform coefficients,
Quantization generally refers to a process in which transform coefficients are gquantized
o 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 » 1s greater than m. In some examples, to perform
guantization, video encoder 200 may perform a bitwise right-chift of the valuc to be
quantized.

16689} Following guantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matrix mehiding the
quantized transforro coefficients. The scan may be designed to place higher energy {and

therefore lower frequency} transtorm coefficients at the front of the vector and to place
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lower energy {and therefore higher froquency) 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 serialized vector, and then
entropy encode the quantized transform coefficients of the vector. In other examples,
video encoder 200 may perform an adaptive scan. Aficr scanning the guantized
transform coefficients to form the one-dimensional 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 304 in decoding the video data.

18896} To perform CABAC, video encoder 200 may assign a confext within a context
model to a symbol to be transmitted. The context may relate to, for example, whether
neighboring values of the symbol are zero-vahued or not. The probability determination
may be based on a context assigned to the symbol.

16691} Video encoder 200 may further generate syntax 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 shice header, or other syntax data, such as a
sequence parameter set (8PS}, picture parameter set {PPS), or video parameter set
{VP8). Video decoder 300 may likewise decode such syntax data to deternune how to
decode corresponding video daa.

[B392] In this manner, video encoder 200 may generate a bitstream including encoded
video data, ¢.g., syntax clements describing partitioning of a picture into blocks (e g,
CUs) and prediction and/or residual information for the blocks. Uliimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{80693} o 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 in a manner substantially similar to, albeit reciprocal to, the CABAC encoding
process of video encoder 200. The syitax elements may define partitioning information
for partitioning of a picture mto CTUs, and partitioning of cach CTU according to a
corresponding partition structure, such as a QTBT structure, to defing CUs of the CTU.
The syntax clements may further define prediction and residual information for blocks

{c.z., CUs) of video data.
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16094} The residual information may be represented by, for example, gquantized
transform cocfficients. Video decoder 300 may mverse guantize 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 inter-prediction}
and related prediction information {¢.g., motion mformation for inter-prediction) to form
a prediction block for the block. Video decoder 300 may then combine the prediction
block and the residual block {on a sample-by-sample basis) to reproduce the original
block. Video decoder 300 may perfoom additional processing, such as performing a
deblocking process to reduce visual artifacts along boundaries of the block.

18695} This disclosure may gencrally refer to “signaling”™ certain information, such as
syntax clements. The term “signaling” may gencrally refer to the communication of
values for syntax clements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal values for syntax elements in the bitstream. In
general, signaling refers to gencrating a value in the bitstream. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially in real
fime, or not in real time, such as might occur when sforing syniax elements to storage
device 112 for later retrieval by destination device 116.

18896} In accordance with one or more examples, this disclosure is related to mtra block
copy and inter prediction n video codecs. For instance, the example technigues may be
related to derving a block vector difference candidate list 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 MMVD {merge
mode with motion vector difference) mode, GEQ (geometric partiion mode) MMVD
mode or MMYD for regular merge mode are disclosed.

18697} The following describes intra-block copy (1B merge and advance mation
vector prediction (AMVYP) list construction. The [BC merge/AMVYP list construction
may be performed by video encoder 200 and video decoder 300 as follows. Only if an
IBC merge/AMVP candidate is valid, it can be mserted into the IBC merge/AMVP
candidate list. Above-right, bottom-left, and above-left spatial candidates and one
parwise average candidate can be added into the IBC merge/AMVE candidate bist.
Template based adaptive reordering (ARMC-TM) 1s applied to IBC merge hist.

(8698} The history-based motion vector predictor (HMVP) table size for IBC may be

25 After up to 20 IBC merge candidates are denved with full pruning, the IBC merze
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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.
(8699} The zero vectors’ candidates to pad the IBC Merge/AMVP list are replaced with
a set of BVP candidates located mn the IBC reference region. A zero vector is wnvalid as
a block vector in IBC merge mode, and consequently, 1t 1s discarded as BVP 1o the 1BC
candidate hist.

18180} Three candidates are located on the neargst comers of the reference region, and
three additional candidates are determined in the middle of the three sub~regions {A, B,
and C), whose coordinates are determined by the width, and height of the current block
and the AX and AY parameters, as i1s depicted i FIG. 6. As one example, FIG. 6
iHlustrates current block 600 and IBC buffer 602, as well as various parameters used to
construct IBC merge/AMVP list for current block 600.

(8101} The following describes IBC with template matching. Template Matching (TM)
i3 used in IBC for both IBC merge mode and IBC AMVP mode. The IBC-TM merge
list 1s 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 T™M merge mode. The ending zero motion fulfillment is
replaced by motion vectors to the left (+W, (), top (0, -H) and top-left (-W, -H}, where
W is the width and H the height of the cament CU.

18102} In the IBC-TM merge mode, the selected candidates are refined with the
Template Matching method prior to the RDO (rate distortion optimization)} or decoding
process. The IBC-TM merge mode has been put in competition with the regular IBC
merge mode and a2 TM-merge flag is signaled.

(8183} fn the IBC-TM AMVP mode, up to 3 candidates are selected from the IBC-TM
merge hist. Fach of those 3 selected candidates are refined using the Template Matching
method and sorted according to their resufting Template Matching cost. Onldy the 2 first
ones are then considered 1o the motion estimation process as usual.

[6104] The Template Matching refinement for both IBC-TM merge and AMVP modes
may be based on the IBC maotion vectors being consirained (i) to be integer and {11}
within a reference region as shown 1o Error! Reference source not found. FIGS. TA-
7D for current block 700A-700D, respectively. For mstance, FIGS. TA-7D illustrate
IBC reference region depending on current CU position of corrent blocks 700A-7000,
respectively. In IBC-TM merge mode, the refinements may be performed at mieger

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

[8105] The following describes IBC reference arca. The reference arca for [BC s
extended to two CTU rows above. FIG. § illustrates the reference area for coding CTU
(.1} 300, In FIG. 8, the hashed blocks illustrate the reference area, and the clear
blocks denote the invalid reforence area.

18186} For CTU (m,n} 800 to be coded, the reference area includes CTUs with index
(-2 02} (W on-23(0n-1) . (W n-1}3,{0n}. . {m.n), where W denotes the maximum
honzontal index within the current tile, slice or picture. When the CTU size 15 256, the
reference area 1s limited to one CTU row above. This setting may ensure that for CTU
size being 128 or 256, 1B does not reqguire 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.

(8107} The following describes adaptive reordering of merge candidates with template
matching (ARMC-TM). The merge candidates are adaptively reordered with temaplate
matching (T™M). The reordering method is apphied to regular merge mode, T™ merge
mode, and atfine merge mode {possibly, excluding the SbTMVP candidate). For the
TM merge mode, merge candidates are reordered before the refinement process.

13108} An mitial merge candidate list is firstly constructed according to a given
checking order, such as spanal, TMVPs {temporal motion vector predictors), non-
adjacent, HMVPs, pairwise, virtual merge candidates. Then the candidates in the imtial
list are divided nto several subgroups. For the template matching (TM} merge mode,
adaptive DMVR (decoder side motion vector refinement) mode, each merge candidate
in the mitial Hst 1s firstly refined by using TM/multi-pass DMVER. Merge candidates m
each subgroup are reordered to generate a reordered merge candidate list, 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 n the last but not the first
subgroup may not be reordered.  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 1o 3 for affine merge mode.

(8109} For cost calculation, the template matching cost of a merge candidate daring the
reordering process is measured by the SAD between samples of a template of the
current block and their corresponding reference samples. The templaic comprises a set
of reconstructed samples neighboring to the current block. Reference samples of the
cmplate arc 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 in FIG. 9.

(8818} In FIG. 9, current picture 200 mchudes current block 902, The template 503
includes samples in current picture 900 that neighbor current block 902, Reference
black 906 may be a from a reforence picture n hist . Template 910 may be samples
neighboring reference block 906. Reference block 804 may be a from a reference
picture in list 1. Template 908 may be samples neighbonng reference block 904
{8311} For the refinement of the initial merge candidate hist, when multi-pass DMVR is
used to denve the refined motion to the mitial merge candidate hist only the first pass
(i.c., PU level) of multi-pass DMVR is applied in reordering. When toruplate matching
15 used to derive the refined motion, the tomplate size 15 set equal to 1. Only the above
or left teraplate mayv be used during the motion refinement of T™ when the block is tlat
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 procision. The first four
merge candidates arc roordered with the refined motion in T™ merge mode.

(8112} For subblock-based merge candidates with subblock size equal to Wsub x Hsub,
the above template comprises several sab-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 i the first row and the first column of
current block is used to denve the reference samples of cach sub-template. FIG. 10 uses
the same reference numerals as FIG. 9 reforning (o the same blocks.

16113} In the reordering process. a candidate is considered as redundant if the cost
difference between a candidate and its predeocessor s inferior to a lambda value o g, |D1-
D2} <, where D1 and D2 are the costs obtained during the first ARMC ordering and X
is the Lagrangian parameter used in the RD {rate distortion) criterion at encoder side.
(3114} An algorithe for reordering may be as follows. A video coder {e.g., video

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

14115} The algorithm may stop after a finite number of iterations {if the minimum cost
difference 1s not mferior to &), This algorithm may be applied to the Regular, TM, BM
and Affine merge modes. A similar algorithm may be applied to the Merge MMVD and
sign MVD prediction methods which also use ARMC for the reordering.

[8816] The value of A is set equal to the A 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 corresponding to each signaled QP offset is provided in
the SPS (sequence parameter set) or 1o the Slice Header for the QP 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 T™ cost. For the teraplate matching for
advanced motion vector prediction {TM-AMVP) mode, an imtial AMVYP candidate hist
is constructed, followed by a refinement from TM to construct a refined AMVP
candidate bist. 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 chipped with wrap around offset taken into consideration.

{6118} The following describes T™ based reordering for MMVE and affine MMVD.
The MMVD offsets are exiended for MMVD and affine MMVD modes. Additional
refinement positions along kxn/8 diagonal angles are added as shown in FIG. 11, thus
mcreasing the mimber of directions from 4 to 16, FIG. 11 shows carrent sample 1100,
and the additional refinement positions, with anchor positions 1102A-1102D. Based on
the SAD cost between the feraplate (one row above and one columu left to the current
block) and 1ts reference for each refinement position, all the possible MMVD
refinement positions {16x6} for each base candidate are reordered. The top 1/8
refinement positions with the smallest template SAD costs are kept as available

posttions, consequently for MMVD index coding. The MMVD index 18 binanized by
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the rice code with the parameter equal to 2. The atfive MMV reordering is exiended,
in which additional refinement positions along kxn/4 diagonal angles are added. Afler
reordering top 1/2 refinement positions with the smallest template SAD costs are kept.
(8819 The first N motion candidates in the candidate list before being reordered are
utilized as the base candidates for MMVD and affine MMVD. N iscqualto 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 s mirrored or
directly set to zero. The way in which reordering is apphied to one block may be
dependent on the TM cost.

[8828] The following describes geometric partition mode {GPM) (also called GEO with
merge motion vector differcoces MMV}, GPM in VVC 15 extended by applying
motion vector refinement on top of the existing GPM uni-divectional MVs. A flag s
first signailed for a GPM CU, to specitfy whether this mode is used. Hthe mode is used,
cach geometric partition of a GPM CU can further decide whether to signal MVD or
not. If MVD is signalled for a geometric partition, after 3 GPM merge candidate is
selected, the motion of the partition is further refined by the signalled MV DPs
information. All other procedures are kept the same as in GPM.

(6121} The MVD is signaled as a pair of distance and direction, simiar as in MMVD.
There are mine candidate distances (V4-pel, Va-pel, -pel, 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 is left shifted by 2 as in MMVD,
(8122} The following describes reconstruction-reordered IBC (RR-IBC). A RR-IBC
mode 15 allowed for IBC coded blocks, When RR-IBC is applied, the samples in a
reconstruction block are flipped according to a flip type of the cumrent block {e.g.,
current blocks 1200 and 1204 10 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.
16123} Two flip methods, horizontal thip and vertical flip, are supported for RR-IBC
coded blocks. A syntax flag is firstly signalied for an IBC AMVP coded block.
indicating whether the reconstruction 1s flipped, and if 1t 15 flipped, another flag is

further signaled specifying the flip type. For IBC merge, the flip type 18 inhernted from
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neighboring blocks, without syntax signalling. Considering the horizontal or vertical
symmetry, the current block {e.g., current blocks 1200 and 1204 in FIGS. 12A and 12B)
and the reference block {e.g., reference blocks 1202 and 1206 in FIGS. 12A and 12B}
are normatly aligned horizontally or vertically. Therefore, when a borizontal thip is
applied, the vertical component of the BV (block vector) 1s not signaled and oferred to
be equal to 0. Simlarly, the honizontal component of the BV 15 not signaled and
inferred to be equal to 0 when a vertical flip 1s applhied.

16124} To utihize the symmetry property, a fip-aware BV adjustment approach is
applied to refine the block vector candidate. For example, as shown in FIGS. 124 and
128, (xnbr, ynbr) and {xcur, vour) represent the coordinates of the center sampie of the
neighboring block and the curmrent block 1200 and 1204, respectively, BVabr and BVeur
denotes the BV of the neighboring block and the current block, respectively. Instead of
directly inheriting the BV from a neighbonng block, the horizontal component of
BVeur is calculated by adding a motion shift to the horizontal component of BVabr
(denoted as BVubrh} in case that the neighboring block is coded with a horizoutal flip,
1.¢., BVcurh =20xnbr -xcur) + BVnbrh . Similarly, the vertical component of BVouris
calculated by adding a motion shift to the vertical component of BYnbr (denoted as
BVabrv} in case that the neighbonng block is coded with a vertical flip, 1.2, BVeoury
=2{yubr -ycur) + BVnbrv.

3125} The following describes IBC merge mode with block vector differences (IBC-
MBVYD). Affine-MMVD and GPM-MMVD have been adopted to ECM {enhanced
compression modef) as an extension of regular MMVD mode. |t may be possible to
extend the MMV D mode to the IBC merge mode.

(8126} In IBC-MBVD, the distance set 1s {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 the BVD directions are two horizontal and two vertical
directions.

{8127} The base candidates are selected from the first five candidates in the reordered
IBC merge list. Based on the SAD cost between the tempiate {one row above and one
column left to the current block) and ts 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

positions, consequently for MBVD index coding. The MBVD index 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.

[6128] FIG. 17 is a conceptual diagram illustrating an example of an advanced motion
vector prediction (AMVYP) process. For coding as part of the AMVP, Table 1 includes
some example values.

Table 1.

BVD value 0-1 2-5 613 1429 30-61 | 62-125 126~
253
Prefix { 2 6 i4 36 62 126
Suffix bins i 2 3 4 5 6 7
Suffix values -1 0-3 0-7 0-15 (-31 (3-63 0-127

[8128] The AMVP process may be as follows. Block vector (BY) 1s found by the full
search. BVP {block vector predictor) sclected from BVP candidate hist, this bist is sorted
as described above with respect to IBC merge/ AMVP hist construction. Block veetor
difference {BVD) is calculated i the following way BVD = BY-BVP.

16136} The BVD signaling may be as follows. Split the BV D uwto prefix and suffix for
cach of the component horizonial and vertical (BVDx = pBVDx-+sBVDx, BVDyv =
pBYDy+sBVDy.). The first five bins of prefix are countext coded. The suffix is coded
using a tixed length code, where the length depends on the prefix value.

[8#131] There may be certain problems with constructing vector difference candidate
list. For mstance, in current ECM, IBC merge mode with block vector differences
(IBC-MBVD) mode denives a BVD candidates list of 8 candidates for each block vector
predictor (BVP) by using template mateh to reorder 86 candidates. The 80 candidates
may have a distance to the BVP from a distance set of {1-pel, 2-pel, 4-pel, B-pel, 12-pel,
16-pel, Z4-pel, 32-pel, 40-pel, 48-pel, 56-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 honizontal and two vertical directions results in 80
candidates {c.g., 20%2%2).

{8132} For mstance, video encoder 200 and video decoder 300 may be configured to
cvaluate cost values (¢.g., T™ cost values) for cach of the 80 candidates, and no other

candidates. That 15, there may be no dynamic determination of which candidates are
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evaluated for construction of the vector difference candidate list, 1 some current
technigues.

[8133] Anncrease in the granolanity of distance set and increase the number of
directions may increase coding performance in torm of BD-rate. However, reordenng
all candidates to derve the final BVD candidate hist of 8 candidates may result in
significant coding time increase in both encoder and decoder side. As an example, set
the distance set of 128 values: { 1-pel, Z-pek, 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
T SAD calculation of current ECM.

(8134} Stated another way, the 80 candidates identified above do not mnclude S-pel, 6-
pel, T-pel, 9-pel, 10-pel. and many others in cither 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 fron: the
vector predicior {c.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 mcrease
processing fime.

[8835] The current ECM supports IBC search range to be 2 times of CTU size.
Accordingly, the maximum offset of BV set mayv be increased to 256-pel. The above
example requires 1024 TM SAD (e g., 256%4) calculation for each BVP compared to 80
TM SAD calculation of current ECM.

18136} This disclosure describes oxample techniques to construct a vector difference
candidate list {e.g., a BVD or a MVD candidate list) to achieve a good trade-oft 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.5., asct of BV D or
MV D candidates).

(81371 As an example, the following 1s deseribed with respect to block vectors, block
vector predictors, and block vector difference candidates. However, the example
technigues may be applicable to block vector or motion vectors. That is, the example
cchuiques with respect to BY {block vector) or BVP (block vector predictor) may be
used with respect to MV (motion vector) or MVP (motion vector predictor).

18838 Given a block vector predictor {e.g., BVP) of position (horUrg, verOrg), video
eneoder 200 and video decoder 300 may construct a BVD candidate list

{(bvdCandListN} which has at most W candidates from a set of BVD



WO 2024/147907 PCT/US2023/084380

31

candidates(bvdCandsSet) by using TM to select the N candidates with matnimum T™M
cost. Video encoder 200 may signal an mndex in the bitstream to indicate which
candidate 1s used with the BYP for video decoder 300 to dertve the final BV of the
current 1BC block.

(3139} fn one example, bvdCandsSet is predefined to be a set of positions surrounding
of the BVP position. A predefined st is 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 twe vertical
directions, maximum offsct 2536-pel with interval 1-pel between each two BVD
candidates along each direction. In total, there arg 256 x 4 = 1024 BVD candidates in
bydCandsSet.

3146} fo one example, bvdCandsSet is all possible positions surrounding of the BVP
position. In this example, 3 BV D candidate has a offset of (horBvd, verBvd), whergin
the value of horBvd is in a value range of { -maxRange, +maxRange }, and the valae of
verBvd 15 in a value range of { -maxRange, +maxRange }. The value of maxRange s
cither a predefined value, e.g., 256 (as two times of CTU width) or a value that is
signaled in the bistream as a ligh-level syntax vahie.

{6141} Accordingly. in one or more examples, video encoder 200 and video decoder
300 may determine the set of vector difference candidates based on a set of positicns
surrounding a position of the vector predictor. The set of positions may include ali
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 hist.

(8842} In one example, video encoder 200 and video decoder 300 may select a subset of
bvdCandsSet (bvdCandsSubSet) and reorder the subset by using TM, the first N
candidates of bvdCandsSubSet with nunimum TM cost 18 used to derive bvdCandlastN.
In this example, the total number of candidates m bvdCandsSet is P and the total
number of candidates in bvdCandsSubSet 1s Q, where N is smalier than Q and Q i
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
differgnce candidates. In some examples, video encoder 200 and video decoder 300
may utilize this subset of vector ditfercnee candidates to construct the vector difference

candidate list.
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16143} 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
mstance, video gncoder 200 and video decoder 300 may derive a candidate list from a
subset of a predefined set of BYD candidates.

{3144} As an example, bvdCandsSet {e.g., a set of vector ditference candidates) is a
predefined set of T1 divections, with maxtmum offset of T2-pel along each direction,
and iaterval of T3-pel between each two candidates along cach direction. In this
cxamaple, the total number of candidates P = 71 X T2 + T3,

183145} The derivation {o.g. construction} of bvdCandListN {¢ g, a vector difference
candidate list) may be defined as follows. In step 1, video encoder 200 and video
decoder 300 may compose a subset bvdCandsSiep Hoput by selecting a candidate along
cach direction starting at S1-pei and ends at T2-pel, with interval of S1-pel betwee

cach two candidates, ¢.g. { Si-pel, 2x Sl-pel, 3x 81-pel, 4« Si-pel, ..., T2-pel }.
[8146] For example, video encoder 200 and video decoder 300 may determine a first set
of vector difference candidates based on a first pel-interval {(e.g., St-pel). In this
exaraple, the first pel-interval (e.g.. S1-pel) defines a first distance between consecutive
vector difference candidates in the first set of vector difference candidates starting with
the vector predictor. For wnstance, if the candidates in the first set of vector difference
candidates 1s S1-pel. 2*81-pel, and 3*51-pel, then the distance between Si-pel and
2¥51-pel is S1-pel, and the distance between 2*81-pel and 3%81-pel 15 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.

(8847} 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 mstance, 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 ig, the candidates may be Sl-pel, 2*51-pel, 3*S1-pel until T2-pel.

16148} Video encoder 200 and video decoder 300 may use T™ to reorder all candidates
in bvdCandsSteplnput to denive a subset bvdCandsStep i OGutput by selecting first N
candidates that has mintman T™ cost. In one or more examples, T3 <51 <72, The

total number of candidates in bvdCandsStepUnput may be equal to TT T2 + 51, In
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some examples, some candidates m bvdCandsSteplinput are not valid BVD, and the
total number of T™ 15 equal or smallerthan 71 = T2 + 51, 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-nterval., The second pel-interval may define a second distance between
consecutive vector difference candidates m the second set of vector difference
candidates, and the second pel-interval may be less than the first pel-interval. For
instance, i the above example if the first pel-interval {e.g., Sl-pel} is 4-pel, the second
pel-interval (¢.g., §2-pel) may be less than the first pelanterval (e.g., 1-pel, 2-pel, or 3-
pel}.

[G1586] For example, i step 2, video encoder 200 and video decoder 300 may compose
a subset bvdCandsSubSetStop2input by 1nserting a candidate 1n bvdCandsStep 1 Output
{candStep 1 Output) and selecting a candidate with a distance 82-pel 1o the
candStep 1 Qutput along the direction of the candSten 1 Cutput, ¢ 2. { candStep10utput -
S2, candStepl Gutput, candStepiCuatput + 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 bvdCandsStepl 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 nteger
multiple of the second distance. For example, based on above example, if
candStep i Guiput 1s one of the candidates of the first set of vector difference candidates
that 1s also in the second set of vector difference candidates, then candStepi Gutput — 52
and canStep 1 Gutput + 52 would be meluded n the second set of vector difference
candidates and would be between two candidates of the first set of vector difference
candidates.

[B8151] Video encoder 200 and video decoder 300 may use T™ to reorder all candidates
in bvdCandsStepZinput o derive a subset bvdCandsStep? Output by selecting first N
candidates that bave minimum TM cost. In one or more examples, T3 <82 <51, The
total namber of candidates in bvd{CandsStepZinput may be equal to N X 3. Sinular to
above, some candidates in bvdCandsStep2Input moay not be valid BVD, and the total

number of T™M 1s equal or smallerthan N = 2



WO 2024/147907 PCT/US2023/084380

34

16152} Instep X, video encoder 200 and video decoder 300 may repeat step 2 by
reducing the distance to S{x}-pel, such as where, T3 < 5(x) <5<8(x-1}. The total
number of candidates in bvdCandsStepXinput may be equal to N X 3. Video encoder
200 and video decoder 300 may use T™M to reorder ali candidates in
bvdCandsStepXinput to derive a subset bvdCandsStepX Output by selecting first N
candidates that has mmmmum TM cost. Similar to above, some candidates in
bvdCandsStep Xinput may not be valid BVD, and the total number of T™ 15 equal or
smaller than N x 2.

{8153} Video encoder 200 and video decoder 300 may terminate the process when S¢x)
ig equal to T3 or when a terminate criteria is reached, for example, the TM cost of last
candidate of N candidates 1s equal or smalier than a threshold {e.g., a cost throshold).
The bvdCandListN 1s derived as the last step output subsct bvdCandsStepXGuiput.
That 1, video encoder 200 and video decoder 300 may add candidates vatil a range
threshold is satisfied {c.g., the distance away from the vector predictor is equal to T2-
pel) or until a cost value associated with a candidate satisties a cost threshold (e.g., the
cost of a candidate is less than or equal to a cost threshold).

16154} In this manner, to construct the vector difference candidate hist, vides encoder
200 and video decoder 300 may be configured to determing a first subset of the set of
vector difference candidates based on one of selection of candidates along cach
direction with different pels or selection of candidates along cach direction with
different pels and reordering (¢.g.. such as in the example step 1 described abave}.
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 tterative process through step X described above). In this
cxample, a final subset of vector difference candidates from additional subsets 1s the
vector difference candidate list.

[8855] As described above, there may be instances where a vector difforence candidate
ts not valid. In onc example, a valid BYD s determived by add the BYVD o BVP 1o
derive a BY and the BV should be m the search range of the current block, ¢ g, inside a
picture boundary and inside a predefined search range of a block vector. In one
exaraple, when a BVP is derived from a neighbor block, and the neighbor block s
coded with horizontal fhip tyvpe, a valid BVD has a vertical component value that 1s

cqual to 0. In one example, when a BVP 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
equal to G, In one example, when the current block is determined to be coded with
vertical fhip type, a valid BVD bas a honzontal component value that is equal to 0.
[8156] Accordingly, video encoder 200 and video decoder 300 may be configured o
determine that a vector difference candidate 1o the vector differcnce candidate list is
valid based on ore 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 1o a hypothetical vector within a search range.

(8157} In a condition where the vector predicior is derved from a neighbor block, and
the neighbor block 13 coded with horizontal fiip type, video encoder 200 and video
decoder 300 may determing that the vector difference candidate has a vertical
component value that is equal to 0. In a condition where the vector pradictor is dertved
from a neighbor block, and the neighbor block is coded with vertical flip type, video
cncoder 200 and video decoder 300 may determine that the vector difference candidate
has a honzontal component value that 1s equal to 0.

(8858} In a condition where the current block is coded with horizontal flip tvpe. video
encoder 200 and video decoder 300 may detenuine that the vector difference candidate
has a vertical component value that 1s cqual to 0. In a condition where the current block
1s coded with vertical flip type, video encoder 200 and video decoder 300 may
determine that the vector difference candidate has a horizontal component value that is
cqual to 0.

(8159} To determine the value of St-pel, video encoder 200 and video decoder 300 may
determine the value of 51 based on satisfaction of at least one of the following
conditions: T3 <81 <12 and the total number of candidates 10 bvdCandsSteptinput 15
equal or greater than N, and/or ST =T3 and the total number of candidates in
bvdCandsSet us equal or smaller than N

18160} In one example, the value of S1 (e g, the first pel-intoerval) 1s a predefined value,
c.g.. Stisequal to 32. In one example, the value of ST is a value that 1s signaled i the
bitstream as a high-level syntax parameter. In one example, the value of 81 18 first
determined to be a value K as a predefined value or a value that s signaled in the
bitstream, and the total number of valid BVD candidates in bvdCandsSteplinput is

smailer than N, the value of S1 1s then set 1o a value L, wherein L 1s smaller than K.
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The total number of candidates in bvdCandsStep Unput is equal or greater than N, In
ong example, when the value of S1 15 set to equal to 32 (K), and the total number of
candidates i bvdCandsSteplinpat 1s smaller than N, video gncoder 200 and video
decoder 300 may try to set the value of 51 to be 16, and the total nuntber of candidates
in bvdCandsStep Hnput is smaller than N, video encoder 200 and video decoder 300
may fry to set the value of 51 to be 8 (L), and the total number of candidates in
bvdCandsSteplinput is greater than N,

{6161} In onc example, the total number of valid BYD candidates in bvdCandsSet 1s
cqual or smaller than N, the value of §1 15 determined to be equal to T3, and the
bvdCandsStep Unput 1s all valid candidates i bvdCandsSet.

(8162} In one example, video encoder 200 and video decoder 300 may determing the
value of 5(x) by the value of 81 and T3. For mstance, the value of S{x} may be in the
value range of T3 < §{x3 <81,

18163} In one example, the value of S(x} is a function of F{13, 51} In one example. the
valuc of S{xjisasctofvalues: {81/2,581/4,81/8, ... T3 }. In one example, the
valie of §1 is equal to 32 and the value of T3 15 equal to 1, the value of S{x) 1s that §2 =
16,83 =8 S4=4 8§5=2 §6=1 Thatis, the first pel-nterval, second pel-interval
may define mteger distances or fractional distances.

3164} fn one or more exaraples, 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 TM 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 15 available, the value of
TH is equal to F * (width + height). In one example, when the above template is
avatlable, the value of TH is equal to F * width. In one example, when the left template
is available, the value of TH 15 equal to F * height. F 15 a factor, width 1s the block
width in pel and height is the block height i pel. In any step of the bvdCandListN
derivation {¢ g ., constraction) process, when the early terminate criteria 1s fulfilied,
video encoder 200 and video decoder 300 may terminate the bvdCandListN denivation
process.

8166} Accordingly. in one or more examples, video encoder 200 and video decoder
300 may determine 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 decoder 300 may deterune the set
of vector difference candidates untid a number of vector difference candidates is equal to
the threshold size.

18167} The following is an cxample technique for constructing a vector difference
candidate fist based on a st of vector difference candidates that video encoder 200 and
video decoder 300 may perform.

18168} In this example, bvdCandsSet is a predefined set of two horizontal and two
vertical diroctions (T1=4), with a maximum offset is equal to be 256-pel (12=256), and
mnterval of 1-pel (T3=1). The total number of candidates 10 bvdCandsSet s equal to £ =
TIXTZ-+T3=4x256+1=1024.

18169} The construction of bvdCandListN {¢.g., a vector difference candidate hist) is as
follows. In step I, video encoder 200 and video decoder 300 may compose a subset
bvdCandsStep Unput by selecting a candidate along cach direction starting at 8-pel and
ends at 256-pel, with interval of 8-pel (51=8) between cach two candidates. That 1s, in
this example, video encoder 200 and video decoder 300 may determine a fivst set of
vector difference candidates based on a first pel-interval (¢ g, &-pelinterval}. 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
example, along each direction, the candidate distance to the BVP {i.¢., vector predicior)
i3 { 8-pel, 16-pel, 24-pel, 32-pel, ..., 248-pel, 256-pel |

(8878} For instance, video encoder 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 mstance, the imteger 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 satisfied (o.g., until a BYD that s 256-pel away from the BYP) and/orunti a
candidate of the first set of vector difference candidates satisfics a cost threshold (c.g., a
TM cost of a candidate 1 less than or equal to a cost threshold).

18171} The total number of TM 1s equal or smaller than T3 X T2 + 51 = 4« 256 +

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

candidates in bvdCandsStep Unput to derive a subset bvdCandsStep 1 (htput 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 determing respective cost valugs associated with
candidates of the first set of vector difference candidates video encoder 200 and video
decoder 300 may determine a first cost value based on template 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 template of the current
block {¢.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 plus or mimus 16-pel and the template of the current block, and so forth.
Video encoder 200 and video decoder 300 may construct a first subset of vector
difference candidates based on the respective cost values {¢.g., determine the 8 BVDs
with the lowest cost values). One example of the first subset of vector difference
candidates 1s bvdCandsStep 1 Gutput.

(8873} In step 2, video encoder 200 and video decoder 360 may compose a subset
bvdCandsSubSetStep? fnput by nserting a candidate in bvdCandsStep Cutput
{candStep 1 Output) and selecting a candidate with a distance 4-pel (§82=4} {0 the
candStep 1 Qutput along the direction of the candStep 1 Gutput. The total number of TM
is equal or smallerthan N x 2 = 8§ X 2 = 16, Video encoder 200 and video decoder
300 may use TM to reorder all candidates in bvdCandsStep2input to derive a subset
bvdCandsStep2 Output by sclecting first N=8 candidates that has minionum TM cost. In
FIG. 14, the candidates of bvdCandsStep?Input are (-60, 03, (-36, 03, {-32, 8}, (28, 0},
(32,3, {36, 0}, (40, 0), (44, 0}, (48, 03, (532, 03, (0, =523, (0, 48}, (0, 443, (0, -123, (0, -
8). (0, -4), {0, 4), {0, &), (0,12), (0, 16) and (0, 20}). The candidates of
bvdCandsStep2Gutput are (28, 0}, (32, 0), (36, 03, (0, ~12), (0, -8, (I, -4}, (U, 4) and (G,
8.

18174} For example, video encoder 200 and video decoder 300 may determine a second
set of vector difference candidates {¢.g., bvdCandsSiecpZinput) based on the first set of
vector difference candidates and a second pel-nterval. The second pel-interval may
defing 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-interval. For instance, in this example, the second pel-interval is 4-pel. Therefore,
there 18 a distance of 4-pel between candidates of the second set of vector difference
candidates {e.g., there 1s 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).

[8175] The second set of vector difference candidates (¢.g., bvdCandsSiep2input) may
mclade at least a subset of candidates of the first set of vector difference candidates
{e.g.. bvdCandsStepinput or bvdCandsStep 1 Outpui) in the second set of vactor
difference candidates (e.g., bvdCandsStepZinput). As one example, (0,-48) 18 present in
both bvdCandStep Lnput or bvdCandStep1 Qutput {¢.g., the first set of vector difference
candidates) and in bvdCandStep?Input (e 2., the second set of vector difference
candidates).

[3176] In some examples, video encoder 200 and video decoder 300 may determine
respective cost values associated with candidates of the second set of vector difference
candidates {¢.g., cost of candidates in bvdCandStep2input}. Video encoder 200 and
video decoder 300 may counstruct the vector difference candidate list based on the
respective cost values (e.g., starting with lowest cost to highest cost).

18177} In examples of a two-step algorithm to determine the vector difference candidate
list, video encoder 200 and video decoder 300 may stop afier two-steps. That is, the
vector difference candidate list may be equal to bvdCandStep20utput. This two-step
algorithm 1s described 1n more detail, such as where the second pel-interval is smaller,
allowing for more gramgdarity. 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-interval until a pel-interval threshold 1s reached.
(6178} The following describes an example of teratively reducing the size of the pel-
interval to determine the vector difference candidate Hst, with steps 3 and 4. In step 3,
video encoder 200 and video decoder 300 may compose a subset
bvdCandsSubSetStep3input by nserting a candidate in bvdCandsStep? Cutput
(candStep2Output) and selecting a candidate with a distance 2-pel (§83=2} to the
candStep2 Output along the direction of the candStepZOutput. The total number of TM
is equal or smallerthan N x 2 = 8§ X 2 = 16, Video encoder 200 and video decoder
300 may use TM to reorder all candidates in bvdCandsStep3input to devive a subset
bvdCandsStep30utput by selecting first N=8 candidates that has minimum TM™ cost. In
FiIG. 15, the candidates of bvdCandsStep3Input are (26, 0}, (28, 0), (30, &), (32, 0}, (34,
03, (36, 03, (38, 0), (0. -14), (0, -12). (0. -10), (0, -8), (0. -6, {0, -4, (0, -2}, (0, 23, (0, 4).
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(0, 6), (0, 8) and {0, 10}. The candidates of bvdCandsStep2Cutput are (26, 0}, (28, 0},
(0, -4}, €06, -2}, (0, 23, (¢, 4}, {0, 6) and (0, 8},

(8179} In step 4, video encoder 200 and video decoder 300 may compose a subset
bvdCandsSabSetSiepdioput by mserting a candidate in bvdCandsStep3 Output
{candStep30uiput) and selecting a candidate with a distance 1-pel (S4=1} 1o the
candStep 1 Qutput along the direction of the candStep 10utput. The total number of TM
1s equal or smaller than N X 2 = § X 2 = 16, Video encoder 200 and video decoder
300 may use TM to reorder all candidates in bvdCandsStepdinput to derive a subset
bvdCandsStepdChutput by selecting first N=8 candidates that has minimum TM cost.
The candidates of bvdCandListN are set as candidates in bvdCandsStep4QOutput. In FIG.
16, the candidates of bvdCandsStepdinput are (23, 0}, (26, 0}, (27, 0}, (28, 0}, {29, ),
(0. -5), €0, -4). €0, -3). (0, -2). {0, -1). (0. 1), (0. 2}, {0. 3). (0, 4). {0, 3), (0. 6), (0. 7). (0,
8} and {0, 9). The candidates of bvdCandsStepd Gutput (bvdCandListN) are (23, 0), (26,
(3, €27, 0}, (G, -4}, (0, <33, (&, 1}, (&, 5y and (G, 93, That s, the vector difference
candidate hist may mnclade (25, 0}, (26, 0}, {27, ), (G, -4), (0, -3}, (0, 13, {03, 3} and (0, 9).
18180} The following describes examples of deriving candidate list from a subset of a
predefined set of BVD candidates. The example techniques may be a two-step
derivation process {e.2., the two-step algorithmy},

(8881} In some examples, the candidate Hst derivation process is similar to the method
described above. For instance, the first step is same as the method described above with
respect to deriving candidate list form a subset of a predefined set of BVD candidates in
which bvdCandaSet 15 a predefined set of T1 directions, with maximam offset of T2-pel
along cach 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 in
two steps as follows,

(8882} As step 1, video encoder 200 and video decoder 300 compose a subset
bvdCandsStep Unput by selecting a candidate along each direction starting at S1-pel and
ends at T2-pel, with interval of 51-pel between each two candidates, e.g. { Sl-pel, 2x
Si-pel, 3x 81-pel, 4x St-pel, ..., T2-pel }. Video encoder 200 and video decoder 300
may use TM to reorder all candidates in bvdCandsSteplinput to derive a subset

bvdCandsStep1 Output by sclecting first N candidates that has muuowm TM cost,

cqual to TL X TZ + 51, In some cases where if 18 possible that some candidates in
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bvdCandsStepnput are not valid BVD, the total vumber of TM 1s equal or smaller
than T x T2 + 81 .

(8183} That 13, stmilar to above, video encoder 200 and video decoder 300 may
determine a first set of vector difference candidates {e.g., bvdCandSetuplinpuat} based
on a first pel-interval (e g.. 813, The first pel-interval may define a first distance
between consecutive vector difference candidates in the first set of vector difference
candidates starting with the vector predictor. For mstance, video encoder 200 and video
decoder 300 may add candidates to the first set of vector difference candidates (e.g.,
bvdCandSetup Haoput) that are cach a set of positions surrounding a position of the
vector predictor {e.g., BVP} and an integer multiple of the first distance away from the
vector predictor {e.g., S1-pel, 2¥51-pel, 3*81-pel, and so forth). Video encoder 200 and
video decoder 300 may add candidates until a range throshold is satisfied (e.g.. until T2-
pel 1s 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 is
less than or equal to cost threshold).

18184} 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 between consecutive
veotor difference candidates in the second set of vector difference candidates, and the
sccond pel-interval may be less than the fust pel-interval. 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 (c.g.. bvdCandsSiep Guiput) 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 subscet of vector difference
candidates.

[B185] As step 2, video encoder 200 and video decoder 300 may compose a subset
bvdCandsSubSetStep? Input by mserting a candidate in bvdCandsStepi Cutput
(candStep 1 Gutput) and selecting a candidate with a distance equal or smalier than 82~
pel to the candStep 1 Cutput along the direction of the candStep1Cutput, g, {
candStep i Output — 52, candStep i Ouiput - (82 ~ 1), candStepiOutput - (82 - 2), ...,
candStep i Cutput, candStep 1 Output + (82 + 1), candbtepi Ouiput + (82 + 2), ..,
candStep1Output + 52 1. Video encoder 260 and video decoder 300 may use TM to

reorder all candidates in bvdCandsStepZinput to dertve a subset bvdCandsStep2 Output
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by sclecting first N candidates that has mimimum TM cost, where, T3 <82 <51, The
total number of candidates in bvdCandsStepZinput isequal to N X (2 X 82 + D). In
some cases where i 18 possible that some candidates in bvdCandsStep2input are not
valid BVD, the total number of TM 18 equal or smaller than N = (2 % 52}, The
bvdCandListN 1s dertved as the last step output subset bvdCandsStep2 Output.

(8886} For example, video encoder 200 and video decoder 300 may, to determing, the
sccond set of vector difference candidates, 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.. mclude candidates from bvdCandStepZQutput). 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 tdeger multiple of the second distance. For
istance, the second distance may be 52, 82-1, §2-2, 82-3,

(8187} In this example, the second pel-interval defiming a second distance between
consecutive vector difference candidates in the second sot of vector difference
candidates may be considered as 1-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., 2~ 1, 82 ~ 2, and so forth}. In some examples, video encoder
200 and video decoder 300 may add candidaics 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 mnstance, in these examples, the second distance is less
than or equal o the sccond pel-tnterval (o.g.. less than or equal to 52},

(3188} The following i1s an example of list dervation n two steps. In this example,
bvdCandsSet 15 3 predefined set of two horizontal and two vertical directions {Ti=4),
with a maximum offset is equal to be 256-pel (T2=256}, and mterval of 1-pel {T3=1}.
The total number of candidates in bvdCandsSetisequalto F =TI X T2+ T3 =

4% 256+ 1=1024

18189} The derivation of bvdCandListN may be as follows. As step 1, video encoder
200 and video decoder 300 may compose a subset bvdCandsStepnput by sclecting a
candidate along each direction starting at 8-pel and ends at 256-pel, with interval of 8-
pel (51=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 mumber of
TM is cqual or smallerthan T1 X T2 + 51 = 4 X 256 + 32 = 32 Video encader 200
and video decoder 300 may use TM to reorder all candidates in bvdCandsStep Unput to

derive a subset bvdCandsStep1 Output by selecting first N=8 candidates that hag
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mmimum T™ cost. The candidates of bvdCandsStep I Output are (=56, 0, (32, 0}, (40,
03, (48, 0}, (0, -48}, (0, -8}, (0, 8) and (0, 16).

(8198} For nstance, video encoder 200 and video decoder 300 may determing a first set
of vector difference candidates {e.g., bvdCandsStep Unput) based on a first pel-interval
{c.g., 8-pel). The first pel-interval defining a first distance between consecutive veetor
difference candidates in the first set of vector difference candidates starting with the
vector predictor. That is, the BYD for the vector predictor may be considered as (0,03,
and the bvdCand&tep 1 Input start from the vector predictor {e.g., (0.8}, (0, 16), and so
forth, mcluding (8, 0) and (16, 0}) until a range threshold is satisfied {e g, 256-pehyora
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*&-pel, and so forth}).
18191} Video encoder 200 and video decoder 300 may determing respective cost values
(¢.g.. TM cost values based on SAD of reference template arcurd 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 1 Output) based on the respective cost values.

(8192 As step 2, video encoder 200 and video decoder 300 may compose a subset
bvdCandsSubSetStep? Input by mnserting a candidate in bvdCandsStepi Qutput
{candStep1Cutput) and selecting a candidate with a distance equal or smaller than 4-pel
{82=4} to the candStep 1 OGutput along the direction of the candStep 1 Gutput. The total
munber 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 T™M to reorder all candidates
bvdCandsStep2Input to derive a subset bvdCandsStep? (htput by selecting first N=3§
candidates that has minmun TM™ cost. The candidates of bvdCandsStep2input are (-60,
(), (-39, 0), (-38, 0}, (-57, 0), (-56, 0}, (-55, 0}, (-54, 0}, (-53, 0}, (-52, 0}, (28, 0}, (29, 0),
(30, 03, (31, 03, (32, 0), (33, 0), (34, 0, {35, 1), {36, 0}, {37, 0), (38, 0}, (39, 03, (40, 03,
(41, 0). (42, 0), (43, 0), (44, 0), (45, ), (46, 1), (47. 0), {48, 0}, (49, 0. (30, 0y, (51, 0.
{52, 03, (0, -32), (0, -31). {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, (1, -5}, (0, -4}, (0, 4), {0, 5}, (0,
63, (0, 7}, (0, 8), {0, 9), (0, 10y, (0, 113, (0,12}, (0, 13), (0, 143, (0, 15}, (B, 163 (0, 17), (0,
183, (0, 19}, and (0, 20}, The candidates of bvdCandsStep2Cutput are (2%, 0}, (32, 6},
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{35, 0}, €0, ~12). {0, -8}, (0, -4}, (0. 4) and {0, 8). The candidate of

bvdCandshiep? Output 1s used as the final candidate hist bvdCandListN,

{8193} For example, video encoder 200 and video decoder 300 may determine a second
set of vector difference candidates {¢.g, bvdCandsStepZinput} based on the first set of
vector differcunce candidates (e.g., bvdCandStepnput or bvdCandsStep Gutput, where
bvdCandsStep 1 Cutput 1s based on bvdCandStep Hoput) and a 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 tirst subset of vector difference candidates (¢ g., bvdCandsStep Gutput)
based on the respective cost values. Video encoder 200 and video decoder 300 may
determine the second set of vector difference candidates {e.g., bvdCandsStep2Output)
based on the first subset of vector difference candidates {¢.g., bvdCandsStep10utput).
1841984} The second pel-interval may define a second distance between consecutive
vector difference candidates in the second sct of vector difference candidates, and the
second pel-interval may be less than the first pel-interval. For mstance, in the above
example, the second pel-interval may be considered as 1-pel that defines a 1-pel
distance, or may be considered as 4-pel, where the second distance €e.g., -pel} is less
than or equal o the sccond pel-interval (o.g.. 4-pel).

16195} Under cither example, video encoder 200 and video decoder 300 may determine
the second set of vector difference candidates, such as including at least a subset of
candidates {¢.g., bvdCandsStep 1 Output} of the first set of vecior difference candidates
in the second set of vector difference candidates, and adding candidates between the
subset of candidates of the first st of vector difference candidates based on an integer
multiple of the second distance (e.g., 1-pel, 2% L-pel, 3* L-pel, and so forth). Insome
examples, the distances may be fractional pel. Video encoder 200 and video decoder
300 may 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.

18196} The above example techniques may be used for motion vector as well, For
mstance, video encoder 200 and video decoder 300 may utthize the above example
technigues for inter MMVD candidate hist. Depending on the decided Adaptive Motion
Vector Resclution {AMVYR) parameter of the current block, the maximum offset T2,

muntnum mterval T3 and S(x} are deternuned accordingly.
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16197} In one example, when AMVR set to be quarter-pel resolution, T3 is setto be
fractional pel, e.g. 1/4-pel, T2 15 set to be 8-pel and S{x} i3 start from §-pel reduce to 1/4-
pel In one example, when AMVR set to be haif-pel resohution, 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 is set to be 1-pel, T2 15 set to be 32-pel
and S{x) is start from 4-pel reduce to 1-pel. In one example, when AMVR set to be four-
pel resclution, T3 is set 1o be 4-pel, T2 15 set to be 128-pel and 5{x} i5 start from &-pel
reduce to 4-pel.

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

AMYP, Table 2 includes some example values.

Table 2.
BVD value (-1 2-5 6-13 14-29 30-61 | 62-125 126-
253
Prefix 0 2 & 14 360 652 126
validation 0/1 G/1 0/1 0/1 0/1 071 6/1
Suffix bins 1/0 2/8 3/6 4/0 5/0 6/0 7/
Suffix values -1 0-3 0-7 0-15 0-31 0-63 0-127

[B3199] In one or more examples, the BvdTplVahadationFlag may be mdicating whether
the seffixBVD is signaled or derived using template-based search. Video encoder 200
may signal and video decoder 300 may parse prefixBvd from the bitstreama. 1o one or
more examples, video encoder 200 and video decoder 300 may derive the search area by
finding nextPrefixBY D=prefixBYD + maxPossibleSuffix(prefixBVD)+1. The scarch
area is from prefixBVDx to nextPrefixBV DX horizontally and from prefixBY Dy to
sextPrefixBY Dy vertically,

[6208] In some examples, video encoder 200 and video decoder 306 may perform the
search 1n a way where every candidate in the search area is tested. In total, there may be
totalNumber{fCandidates = {nextPreixBY Dx-prefixBVDx) * (nextPrefixBV Dy~

prefixBVDy). The list of all tested candidates are soried and the one candidaie 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 TplSearchCandd.

(6201} If the BvdTpiVahadationFlag 1s equal to zero, video encoder 200 may signal and
video decoder 300 may parse the suffixBVD from the bitstream and BVD = prefixBVD
+ suffixBVD.

18202} The following describes terplate 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 (c.g.,
values for Nh and Nv) may depend on the value of prefixBVDx and prefixBV Dy
respectively. The distance between honzontal positions d(x, x+1} = (nextPrefixBVDx-
prefixBYDx)/Nh, and the distance between vertical positions diy, y+1iy=
{nextPrefixBVDy-prefix BV DY/ Ny,

18203} Video encoder 200 and video decoder 300 may select the N lowest TM cost
suffixBYD candidates and put into a list ordered by T™ cost. Video encoder 200 may
signal and video decoder 300 may receive the candidate index m the bitstream to
ndicate which suffixBVD 15 used.

(6204} When N is equal to 1, the soffixBVD 1s derived as the lowest TM cost
suffixBYD candidates in the determined search area.

[6205] The following describes template search around prefix vector with one
vahdation flag and candidate index signaling. For coding, Table 3 ncludes some

example values.
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BVD value (-1 2-5 6-13 14-29 30-61 | 62-123 126-
253
Prefix 0 2 6 14 30 52 126
validation O1x | O/ix 0/1x {/ix 0/1x 0/1x 0/1x
Suffix bing 1= 2/% 3/x 4/x Six &/x T/x
Suffix values (-1 0-3 G6-7 (-15 G-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 bvdTplSearchCandldx from the bitstream.

(8267} Video encoder 200 and video decoder 300 may select the N lowest TM cost
suffixBYD candidates and put into a list ordered by T™ cost. Video encoder 200 may
signal and video decoder 300 may parse the candidate index bvdTplSearchCandidx in
the bitstream to indicate which suffixBVD 1s used.

18208] When N is equal to 1, the suffixBYD 13 denved as the lowest TM cost
suffixBVD candidates in the determined search area.

[6205] In some examples, after sorting the candidate list, video encoder 200 and video
decoder 300 may use the candidate with bvd TpiSearchCandldx for BVD denvation.
BVD = prefixBVD+bvd TplSearchCand{bvd TpiScarchCandldx]. The maximum value
of the bvd TpiScarchCandldx 15 predefined and controlled by maxNumberOfTplCands.
[8218] The following describes an example of BVD suffix search. Assiep |,
PrefixBVD 13 parsed from the bitstream prefixBVD={-14, 62}, Agstep 2, validation
flag 1s parsed BvdipiValiadationFlag =Tme. As step 3, the nextPrefixBVD 13 denved

o,

<30, 126}
(8211} As step 4, there may be 1-Pel search as follows.
For x=-14 to x =-30
Forv=5621t0 y=126
tplCandlist addCandAt(x, v}
18212} Asstep 3, video encoder 200 and video decoder 300 may sort the list
tplCandlist by cost value and take the best candidate bvdTplscarchCandl={-43}. As
step 6, BV is decoded= prefixBVD + bvd TplSearchCand) = {-18, 63}
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16213} The following 1s 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 BvdTplVahadationFlag =True
(8214} As step 3, maxNumberOfTplCands 1s set 1o 1, and no parsing of
bvdTplSearchCandidx may be reqaired and bvdTplSearchCandlds=0. As step 4, the
nextPrefixBVD s derived = (6,14}
16215} As step 3, there may be §-Pel scarch as follows,
Forx=2 1o x =6
Fory =6 to y=14
tplCandlist addCandAt{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{bvdTplSearchCandidx=0]={1,0}. Asstep 7, BVD is decoded=
prefixBVD + bvdTplSearchCandl = {3, 6},
16217} The following is an example of BVD suffix search with N=5 candidates with
lowest cost. As step 1, video encoder 200 may signal and video decoder 300 may parse
PretixBVD from the bitstream prefixBVD={2. 2}. As step 2. video encoder 200 may
signal and video decoder 300 mayv parse validation flag BvdTplVabadationFlag =True
As step 3, maxNumberOtTplCands is set 1o 5. As step 4, video encoder 200 may signal
and video decoder 300 may parse of bvd TplSearchCandlds=2. Agstep 3, the
nextPrefixBVD is derived = {6,6}.
16218} As step 6, there may be 1-Pel search as follows,
For x=2 to x =6
Fory =2 10 y=6
tplCandlist addCandAt(x, v)
168219} Asstep 7, video encoder 200 and video decoder 300 may sort the list
tplCandList by cost value sortedTplCandbist = [{0,1}, {1.0}, {22}, {11}, {110},
1,23, 42,13, {3,113, §3.23, 42,3}, {3.0}, 0.3}, {02}, {2,0}, {3.3}, {1.3}] Asstep8,
bvdTplScarchCand = sorted TpiCandLastfbvd TplScarchCandldx] =
sorted TplCandlist[2] = {2,2}. Asstep & BVD 15 decoded= prefixBVD +
bvdTplSearchCand = {4, 4},
6226} FIG. 2 1s a block diagram illustrating an example video encoder 200 that may

perform the techniques of this disclosure. FIG. 2 is provided for purposes of
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explanation and should not be considered houting of the techugues as broadly
exemplified and described m this disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the technigacs of VVC and HEV.
However, the techniques of this disclosare may be performed by video encoding devices
that are configured to other video coding standards and video coding formats, such as
AV and successors to the AVE video coding format.

18221} In the example of FIG. 2, video encoder 200 includes video data memory 230,
mode selection unit 202, residual generation unit 204, transform processing unit 206,
quantization unit 208, mverse quantization unit 210, inverse transform processing unit
212, reconstruction unit 214, filter umit 216, decoded picture buffer (BPB) 218, and
entropy encoding unit 220. Anv or all of video data memory 230, mode selection unit
202, residual generation unit 204, transform processing unit 206, quantization unit 208,
inverse guantization unit 210, inverse transform processing unit 212, reconstruction unit
214, filterunit 216, BPB 213, and entropy encoding voit 220 may be implomented in
OTC OF TOOTC PrOCESSOTS OF 10 processing circuitry. For instance, the unis of video
cneoder 200 may be mmplemented 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 alicrnative processors or processing circutiry to perform
these and other functions.

(82221 Video data memory 230 may store video data to be encoded by the components
of video encoder 200, Video encoder 200 may recetve the video data stored in video
data memory 230 from, for example, video source 104 (FIG. 1), DPB 218 may actasa
reference picture memory that stores reference video data for use m prediction of
sabsequent 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
memory (BRAM), including svnchronous 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 varicus examples, video data memory 230 may be on-chip with
other components of video encoder 200, as tlustrated, or off~chip relative to those
components.

18223} In this disclosure, reference to video data memory 230 should not be interpreted
as being linited to memory intemal to video encoder 200, unless specifically descubed

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 refercnee memory
that stores video data that video encoder 200 receives for encoding {¢.g., video data for
a current block that 1s to be encoded). Memory 106 of FIG. 1 may also provide
temporary storage of outputs from the vartous wits of video encoder 200

(8224} The various units of FIG. 2 are illustrated to assist with understanding the
operations performed by video encoder 204, The units may be tmplemented as fixed-
function circuits, programmable circuits, or a combination thereof, Fixed-function
circuits refer to circuits that provide particular functionality, and are preset on the
operations that can be performed. Programmable circuits refer to circuits that can be
programmed to perform vanouas tasks, and provide flexible functionality i the
operations that can be performed. For instance. programmable circutts 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 tnstructions {(e.g.. to receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally mmutable. 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 mtegrated
CHrcuts.

[8225] Video encoder 200 may include anthimetic logic units (AL Us), clementary
function wuts (EFUs), digital circusts, analog circuits, and/or programmable cores,
formed from programmable circuits. I examples where the operations of video
encoder 200 are performed using software executed by the programmable circuits,
memory 106 (FIG. 1) may store the instructions {¢.g., obiect code) of the software that
video encoder 200 receives and exccutes, or another memory within video encoder 200
{not shown} may store such instructions.

16226} Video data memory 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 unit 204 and mode selection unit 202,
Video data in video data memory 230 may be raw video data that is to be encoded.
182271 Mode selection unit 202 includes a motion estimation unit 222, a motion
compensation unit 224, and an intra-prediction unit 226, Mode selection unit 202 may
include additional functional units to perform video prediction m accordance with other

prediction modes.  As examples, mode selection ueit 202 may mmchude a palette unit, an



WO 2024/147907 PCT/US2023/084380

LI
—

mtra-block copy unit (which may be part of motion estupation wnit 222 and/or motion
compensation unit 224}, an affine unit, a linear model (LM} umut, or the bike,

(8228} Mode selection vt 202 generally coordinates multiple encoding passes to test
combinations of encoding parameters and resufting rate-distortion values for such
combinations. The encoding parameters may include partitioning of CTUs mio CUs,
prediction modes for the CUs, transform types for residual data of the Clls, quantization
parameters for residual data of the CUs, and so on. Maode selection unit 262 may
ultimately select the combination of encoding parameters baving rate-distortion values
that are better than the other tested combinations.

[8229] Video encoder 200 may partition a picture retrieved from video data memory
230 mto a series of CTUs, and encapsulate one or more U'TUs within a shice. Mode
selection unit 202 may pariition a CTU of the picture tn accordance with a tree
structure, such as the MTT structare, QTBT structure. superblock structure, or the quad-
tree structure described above. As described above, video encoder 200 may form one or
more CUs from partitioning 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 (8.g.,
motion estimation unmit 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 n 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., onc of Mo
previously coded pictures stored in DPB 218). In particular, motion estimation unit 222
may calculate a valae representative of how similar a potential reference block is to the
current block, e.g., according to sum of absolute difference (SAD), sum of squared
differences (S8D), mean absoluie difference (MAD), mean squared differences (MSD),
or the ike. Motion estimation unit 222 may generally perform these calenlations vaing
sample-by-sample differences between the corrent block and the reference block being
considered. Motion estimation voit 222 may dentify a reference block having a lowest
value resulting trom these calculations, mdicating a reference block that most closcly
matches the current block.

18231} Motion estimation umit 222 may form one or more motion vectors {MVs) that
defines the positions of the reference blocks in the reference pictures relative to the

position of the current block 1n a current picture. Motion estimation umit 222 may then
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provide the motion vectors 1o motion compensation unit 224, For example, for uni-
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation wmt 222 may
provide two motion vectors, Motion compensation unit 224 may then generate a
prediction block using the motion vectors. For example, motion compensation unit 224
may retneve 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 imterpolation 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 retrieved data, ¢.g., through sample-by-sample averaging or weighted
averaging,

16232} When operating according to the AV video coding format, motion estimation
unit 222 and motion compensation unit 224 may be configured to encode coding blocks
of video data {¢.z., both luma and chroma coding blocks) using translational motion
compensation, affine motion compensation, overlapped block motion compensation
{OBMC), and/or compound inter-intra prediction.

18233} As another example, for intra-prediction, or intra-prediction coding, wnira-
prediction unit 226 may generate the prediction block from samples neighboring the
current block. For example, for directional modes, intra-prediction unit 226 may
generally mathematically combine values of neighbornng samples and populate these
calcufated values in the defined direction across the current block to produce the
prediction block. As another example, for DC mode, intra-prediction unit 226 may
calculate an average of the neighboring samples to the carrent block and generate the
prediction block to nclude this resulting average for each sample of the prediction
black.

[8234] When operating according to the AV video coding format, intra-prediction umit
226 may be configured to encode coding blocks of video data {¢.g., both loma and
chroma coding blocks) using directional intra prediction, non-directional intra
prediction, recursive filter intra prediction, chroma-from-luma (CFL) prediction, mira
block copy (IBC), and/or color paletic mode. Mode selection unit 202 may nclude
additional functional anits to perform video prediction in accordance with other

prediction modes.
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[8235] Mode selection unit 202 provides the prediction block to residual generation unit
204, Residual generation umit 204 receives 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 current block. In some examples, residual gencration unit
204 may also determine differences between sample values in the residual block to
generate a residual block using residual ditferential pulse code modulation (RDPCM).
In some examples, residual generation unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

18236} In cxamples where mode selection unit 202 partitions CUs nto PUs, each PU
may be associated with a luma prediction unit and corresponding chroma prediction
units. Video encoder 200 and video decoder 300 may support PUs having various sizes.
As indicated above, the size of a CU may refer to the size of the 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.
Agssuming that the size of a particular CU i3 2Nx2N, video encoder 200 may support PU
sizes of ZNx2ZN or NxN for inira prediction, and symmetric PU sizes of 2NxZN, 2NxN,
Nx2N, NxN, or similar for inter prediction. Video encoder 200 and video decoder 300
may also support asymmetric partitioning for PU sizes of 2ZNxnl, 2Ny, nlx2N, and
nRx2N for inter prediction.

18237} In examples where mode selection unit 202 does not further partition a CU into
PUs, cach CU may be associated with a luma coding block and corresponding chroma
coding blocks. As above, the size of a CU may refer {o the size of the luma coding
block of the CU. The video encoder 200 and video decoder 300 may support CU sizes
of ZNx2N, 2MNxN, or Nx2N.

[8238] For other video coding techmiques such as an intra-block copy mode coding, an
affine-mode coding, and hincar model (LM) mode coding, as some examples, mode
selection unit 202, via respective unils associated with the coding techniques, gencrates
a prediction block for the current block being encoded. In some examples, such as
paletic mode coding, mode selection unit 202 may not generate a prediction block, and
mstead generate syntax clements that indicate the manner in which to reconstruct the
block based on a selected palette. In such modes, mode selection unit 202 may provide

these svatax clements o entropy encoding umit 220 to be cncoded.
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162391 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 restdual block for the current block. To generate the residual block, residual
generation wnt 204 calcolates sample-by-sample differences between the prediction
black and the current block.

16248} Transform processing anit 206 applics one or more transforms to 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 transforms to a
residual block to form the transform coefficient block. For example, transform
processing unit 206 may apply a discrete cosing transform (DCTY, a directional
transform, a Karhunen-Loeve transform (KLT}, or a conceptually similar transform to a
residual block. In some examples, transtorn processing unit 206 may perform mukltiple
transtorms to 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.

18241} When operating according to AV, transform processing unit 206 may apply one
or more transforms to the residual block to generate a block of transform coefficients
{referred to herein as a “transformm coefficient block™). Transform processing vnit 206
may apply various transforas to a residual block to formm the transform coefficient
block. For example, transform processing unit 206 may apply a honizontal/vertical
transtorm combination that may include a discrete cosine transform (BT, an
asymmetric discrete sine transform (ADST), a flipped ADST (e.g., an ADST in reverse
order), and an identity transtorm (IDTX). When using an identity transtorm, the
transform is skipped in one of the vertical or honizontal directions. In some examples,
transform processing may be skipped.

[8242] Quantization uott 208 may quantize the transform cocfficients 1n a transform
coctficient block, to produce a guantized transform coefficient block. Quantization unit
208 may quantize transform coefficients of a transform coefficient block according to a
quantization parameter (QF) value associated with the current block. Video encoder
200 (¢.g., via mode selection unit 202) may adjust the degree of quantization applied 1o
the transform coefficient blocks associated with the current block by adjusting the QP
value associated with the CU. Quantization may introdace loss of information, and
thus, quantized transform cocfficients may have lower precision than the original

transform coefficients produced by transform processing unit 206,
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16243} Inverse quantization wut 210 and inverse transform processing voit 212 may
apply inverse quantization and mverse transforms to a quantized transform coetticient
block, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 may produce a reconstructed block corresponding to the current
black {albeit potentially with some degree of distortion) based on the reconstructed
residual block and a prediction block generated by mode selection unit 202, For
example, reconstruction unit 214 may add samples of the reconstrucied residual block to
corresponding sampies from the prediction block generated by mode selection unit 202
to produce the reconstructed block.

(6244} 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 CUs. Operations of filter unit 216 may be skipped,
in some examples.

18245} When operating according to AV, filter unit 216 may perform one or morg
filter operations on reconstructed blocks. For example, filter unit 216 may perform
deblocking operations to reduce blockiness artifacts along edges of CUs. In other
examples, filter unit 216 may apply a constrained directional enhancement filter
{(CDEF), which may be applied afier deblocking, and may mnchuide the application of
non-separable, non-lincar, low-pass directional fiters based on estimated edge
directions. Filter unit 216 may also include a loop restoration filter, which 1s applied
after CDEF, and may include a separable symmetric normalized Wiener filter or a dual
self-guided filter,

18246} Video encoder 200 stores reconstructed blocks in DPB 218, For instance, in
examples where operations of filter unit 216 are not performed, reconstruction unit 214
may store reconstructed blocks to DPB 218, In examples where operations of filter unit
216 are performed, filter unit 216 may store the filtered reconstructed blocks to DPB
218, Motion estimation umit 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 unit 226 may use reconstructed blocks in DPB 218 of a current picture
to mira~predict other blocks in the current picture,

16247} fo general, entropy encoding unit 220 may entropy encode syniax clements
received from other functional components of video encoder 200, For example, entropy

encoding umt 220 may entropy encode gquantized transform coetlicient blocks from
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quantization unit 208, As another example, endropy encoding unit 220 may entropy
cncode prediction svatax elements (e.g., motion information for inter-prediction or
mtra-mode wformation for intra-prediction) from mode sclection unit 202, Entropy
eneoding unit 220 may perform one or more entropy encoding operations on the syutax
clements, which are another example of video data, to generate entropy-encoded data.
For example, entropy encoding unit 220 may perform a context-adaptive vanable length
coding {CAVLL) operation, a CABAC operation, a varable-to-variable (V2V} length
coding operation, a syntax-~based context-adaptive binary arthmetic coding (8BAC)
operation, a Probability Interval Partitioning Entropy (PIPE) coding operation, an
Exponential-Golomb encoding operation, or another type of entropy encoding operation
on the data. In some examples, entropy encoding wmit 220 may operate 10 bypass mode
where syntax eleraents are not entropy encoded.

18248} Video encoder 200 may output a bitstream that includes the entropy encoded
syntax elements needed to reconstruct blocks of a slice or picture. In particular, entropy
cucoding unit 220 may output the bitstrean.

182491 In accordance with AV, entropy encodmg unit 220 may be configured as a
symbol-to-symbol adaptive multi-symbod arithmetic coder. A syntax element in AV
includes an alphabet of N elements, and a context {¢.g ., probability mode!l} mchides a
sct of N probabilitics. Entropy encoding unit 220 may store the probabiiitics as n-bit
{e.g., 15-bit} camulative distribution functions {CD¥¥Fs}. HEatropy encoding unit 226 may
perform recursive scaling, with an updaie factor based on the alphabet size, to apdate
the contexts.

182881 The operations described above are described with respect to a block. Suc
description should be understood as being operations for a luma coding block and/or
chroma coding blocks. As described above, in some exaraples, the luma coding block
and chroma coding blocks are hwna and chroma components of a CU. In some
examples, the luma coding block and the chroma coding blocks are luma and chroma
components of a FU.

18251} In some examples, operations performed with respect to a luma coding block
need not be repeated for the chroma coding blocks. As one example, operations to
identify a motion vector (MV) and reference picture for a luma coding block need not
be repeated for identifying a MV and reference picture for the chroma blocks. Rather,
the MYV for the luma coding block roay be scaled to determing the MV for the cluoma

blocks, and the reference picture may be the same. As ancther example, the intra-
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prediction process may be the same for the luma coding block and the chroma coding
blocks.

(8252} Video encoder 200 represents an exampie of a device configured to encode
video data mchiding a memaory configured to store video data, and one or more
processing units implersented in circuttry and configured to detenine a vecior predictor
for a carrent 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.

18253 FIG. 3 15 a block diagram diustrating an example video decoder 300 that may
perform the technigues of this disclosure. FIG 3 1s provided for purposes of
explanation and 18 not limiting on the technigues as broadly exemplified and deseribed
i this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the techmigues 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.

18254} In the example of FIG. 3, video decoder 300 meludes coded picture buffer
(CPB) memory 320, entropy decoding unit 302, prediction processing unit 304, imnverse
quantization unit 306, mverse transform processing unit 308, reconstruction unit 310,
filter gnit 312, and DPB 314, Any or all of CPB memory 320, entropy decoding anit
302, prediction processing unit 304, inverse quantization unit 306, inverse transform
processing umit 308, reconstruction unit 310, filter unit 312, and DPB 314 mayv be
mplemented in 0ne or MOTE Processors o in processing circuitry. For instance, the
antis of video decoder 300 may be implemenied as one or more circuits or logic
clements as part of hardware circutiry, or as part of a processor, ASIC, or FPGA.
Moreover, video decoder 300 may include additional or alternative processors or
processing circoitry to perform these and other functions.

182585} Prediction processing unit 304 includes motion compensation unit 316 and intra-
prediction uod 318, Prediction processing untt 304 roay wnclude additional units to
perform prediction in accordance with other prediction modes. As examples, prediction
processing umit 304 may include a palette unit, an indra-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 ke, In other examples, video decoder 300 may include more, fower, or different
functional components,

[6236] When operating according to AV 1, motion compensation unif 316 may be
configured to decode coding blocks of video data {¢.g., both huma and chroma coding
blocks) using translational motion compensation, affive motion compensation, OBMC,
and/or compound mter-intra prediction, as deseribed above. Intra-prediction poit 318
may be configured to decode coding blocks of video data (¢ g, both luma and chroma
coding blocks) using directional intra prediction, non-directional intea prediction,
recursive filter intra prediction, CFL, IBC, and/or color paletie mode, as described
above.

16257} CPB memory 320 may store video data, such as an encoded video biistream, to
be decoded by the components of video decoder 300, The video data stored in CPB
memory 320 may be obtained, for example, from computer-readable medivm 110 (FIG.
1}. CPB memory 320 may include a CPB that stores encoded video data {e.g., syntax
clements} from an cncoded video bitstream. Also, CPB memory 320 may store video
data other than syntax clements of a coded picture, such as temporary data representing
outputs from the various units of video decoder 300, BPB 314 generally stores decoded
pictures, which video decoder 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 anv of a variety of memory devices, such as DRAM,
mclading SBRAM, MRAM, RRAM, or other types of memory devices. CPB memory
326 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 ofi-chup relative to those compongnts,

[8258] Additionally or altematively, m some examples, video decoder 300 may retrieve
coded video data from memory 120 (FIG. 1), That 15, memory 120 may store data as
discussed above with CPB memory 320, Likewise, memory 120 may store imstructions
to be executed by video decoder 304, when some or all of the functionabity of video
decoder 300 is implemented 10 software to be exgcuted by processing circutry of video
decader 300,

182891 The various units shown n FIG. 3 are illustrated to assist with understanding the
operations performed by video decoder 300, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof, Sinular 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 performed. Progranumable circuits refer to circuits
that can be programmed to perform various tasks, and provide flexible functionality n
the operations that can be performed. For instance, programmable circuits may execute
software or firmwarg that cause the programmable circuits to operate 1n the manner
defined by instructions of the software or firmware. Fixed-function circuits may
execute software tnstructions (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 mtegrated
crrevits.

18268 Video decoder 300 may mnclude ALUs, EFUs, digital circuits, 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 circuts, on-chip or off-chip memory may store instructions {¢.g., object
code) of the software that video decoder 300 receives and executes.

16261} Entropy decoding unit 302 may receive encoded video data from the CPB and
entropy decode the video data to reproduce syntax elements. Prediction processing umt
304, roverse quantization unit 306, inverse transform processing unit 308,
reconstruction untt 310, and filter unit 312 mav gencrate decoded video data based on
the syntax elements extracted from the bitstream.

18262} In gencral, video decoder 300 reconsinicts 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, 1.6, decoded, may be referred fo as a
“carrent block™).

16263} Entropy decoding unit 302 may entropy decode syniax clements defining
quantized transforro coefficients of a quantized transform coefficient block, as well as
transform mformation, such as g quantization parameter {QP) and/or transform mode
indication(s). Inverse quantization unit 306 may use the QP associated with the
guantized transform coefficient block to determine a degree of quantization and,
likewise, a degree of mverse guantization for mverse quantization unit 306 to apply.
Inverse quantization unit 306 may, for example, perform a bitwise lefi-shift operation to
inverse quantize the quantized transform coefficients. Inverse quantization unit 306

may therchy form a transform cocfficicnt block mcluding transform coefficients.
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6264} Aficr mnverse guantization unit 306 forms the transform coetficient block,
mverse transform processing unit 308 may apply one or more inverse transtorms to the
transform cocfficient block to generate a residual block associated with the current
block. For example. inverse transform processing unit 308 may apply an inverse DCT,
an inverse integer transform, an inverse Karhunen-Loeve transform (KL'T), an inverse
rotational transform, an nverse directional transform, or another mverse fransform to
the transform coefficient block.

16265} Furthermore, prediction processing unit 304 generates a prediction block
according to prediction information 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 syatax clements
may indicate a reference picture in BPE 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 in the current picture. Motion
compensation unit 316 may generally perform the mter-prediction process in a manner
that 1s substantially similar to that described with respect to motion compensation unit
224 (F1G. 2).

6266} As another exaraple, if the prediction mformation syntax elements indicate that
the current block 1s intra-predicted, intra-prediction unit 318 may generate the
prediction block according to an intra-prediction mode mdicated by the prediction
information syntax clements. 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 mtra-prediction unit 226 (FIG. 2). Intra-prediction unit 318 may retrieve
data of neighboring sampies to the current block from DPB 314,

[8267] Reconstruction 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 residual Mock to corresponding samples of the prediction block o reconstruct the
current block.

16268} Futer unat 312 may perform one or more filter operations on reconstructed
blocks. For example, filier unit 312 may perform deblocking operations fo reduce
blockiness artifacts along edges of the reconstructied blocks. Operations of filter unit

312 arc not necessanly performed m all examples,
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18269} Video decoder 300 may store the reconstructed blocks in BPB 314, For
mstance, n examples where operations of filter unit 312 are not performed,
reconstruction vuit 310 may store reconstructed blocks to DPB 314, In examples where
operations of filter unit 312 are performed, filter unit 312 may store the filicred
reconstructed blocks to DPB 314, As discussed above, DPB 314 may provide reforence
information, such as samples of a curregnt picture for ntra-prediction and previously
decoded pictures for subsequent motion compensation, to prediction processing unit
304. Moreover, video decoder 300 roay output decoded pictures (e.g., decoded video}
from DPB 314 for subsequent presentation on a display device, such as display device
1183 of FIG. 1.

[G276] in this manuer, 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 1n circuttry and configured to determine 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, determme 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
vector for the current block.

(08271} FIG. 4 15 a flowchart illustrating an example method for encoding a current
block n accordance with the technigues of this disclosure. The current block may be or
include a current CU. Although described with respect to video encoder 200 (FIGS . 1
and 2}, u 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 intially predicts the current block (350}, For
example, video encoder 200 may form a prediction block for the current block. Video
eneoder 200 moay then calculate a residual block for the current block (352). To
calculate the residual block, video encoder 200 mayv calculate a difference between the
original, anencoded block and the prediction block for the current block. Video encoder
200 may then transform the residual block and guantize transform coefficients of the
residual block (354). Next, video encoder 200 may scan the quantized transform
coefficients of the residual block (356). During the scan, or following the scan, video
eneoder 200 may entropy encode the transform coefficients (358}, For example, video
eneoder 200 mav encode the transform coefficients using CAVLLC or CABAC. Video

encoder 200 may then cuiput the entropy encoded data of the block (360},
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16273 F1G. 5 15 a flowchart illustrating an exarople maethod for decoding a current
block of video data i accordance with the technigues of this disclosure. The current
block may be or include a current 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 similar to that of FIG. 5.

18274} Video decoder 300 may recetve 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 corrent block. Video decoder 300 may then imverse
scan the reproduced transform coefficients (378), to create a block of quantized
transform cocfficients. Video decoder 300 may then mverse quantize the transform
coefficients and apply an mverse transform to the transform coefficients to produce a
residual block (378). Video decoder 300 may ultimately decode the current block by
combining the prediction block and the residual biock (380},

[6275] FIG. 19 1s a flowchart dlustrating another example method for decoding a
current block in accordance with the techmques of this disclosure. The example of FIG.
19 15 described with respect to processing circuitry of video decoder 300, For example,
one of more memories {(¢.g.. memory 120, CPB memory 320, DPB 314, or some other
memory} may be configured to store video data. The processing cirautry of video
decoder 300 may be coapled to the one or more memories.

18276] The processing cirenitry of video decoder 300 may be configured o determine a
vector predictor for a current block of the video data (1900}, For example, video
encoder 200 may signal information that video decoder 300 uses to determine 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-interval (1902). The first
pel-interval may define a first distance between consecutive vector difference
candidates in the first set of vector difference candidates starting with the vector
predictor. For example, the furst set of vector difference candidates may be

bvdCandsStep Hnput deseribed above, and the fivst pel-interval may be &-pelora
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different mterval, including fractional interval. As one example, the processing
cirewmtry of video decoder 300 may add candidates 1o 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. The
processing 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 vecior
difference candidates satisfies a cost threshold.

16278} The processing circuitry of video decoder 300 may determine a sccond set of
vector 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 vecior difference
candidates, and the second pel-interval may be less than the fust pel-interval.

18279} For example, the second set of vector difference candidates may be
bvdCandsStepZinput or bvdCandsSubSetStepZinput described above, and the second
pel-interval may be 4-pel, 1-pel, or a different tmterval, mcluding fractional interval.
The processing cirautry 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
differcnce candidates, and construct a first subset of vector difference candidates {c.g.,
bvdCandsStep 1 Output) based on the respective cost values. The processing circuitry of
video decoder 300 may determine the second set of vector difference candidates {e.g.,
bvdCandsStepZInpat or bvdCandsSubSetStep2Input) based on the first subset of vector
difference candidates (¢.g.. bvdCandsStep i Cutput).

[6288] As one example, the processing circuitry of video decoder 300 may melude at
least a subset of candidates of the first set of vector difference candidates in the second
set of vector difference candidates. For instance, bvdCandsStepZinput or
bvdCandsSubSctSiepZinput includes one or more candidates from
bvdCandsStep 1 Output or bvdCandsSteplinput). The processing circuitry may add
candidates between the subset of candidates of the first set of vector difference
candidates based on an integer muktiple of the second distance. In some examples, the
second distance is less than or equal to the second pel-interval. As one example, the
processing circuitry of video decoder 300 may 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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16281} The processing circuitry of video decoder 300 mayv construct a vector difference
candidate hist {e.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 vahues associated with candidates of the second set of vector
difference candidates {¢.g., cost values for candidates in bvdCandsStepZ2Cutput). The
processing circuitry of video decoder 300 may construct the vector difference candidate
fist {e.z, bvdCandListN} based on the respective cost values. For tnstance, 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 circuitry 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 ndex
mto the vector difference candidate list that identifics a vector difference. Video
decoder 300 may add the vector difference to the vector predictor to determine the
vector for the currerd block.

16283} The processing circuitry of video decoder 300 may reconstruct the current block
based on the vector for the current block (1913}, For example, the processing circaitry
of video decoder 300 may generate a prediction signal based on the vector for the
current block, and reccive residual information from video encoder 200, The processing
circuitry of video decoder 300 may add the prediction signal and the residual
wmformation to reconstruct the current block.

18284} 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 ¢
block vector difference (BV D) candidate list.

[G285] FIG. 20 15 a flowchart dlustrating another example method for encoding a
current block in accordance with the techmques of this disclosure. The example of FIG.
26 1s described with respect to processing circuitry of video encoder 200, For example,
one or more memories {e.g.. memory 106, video data memory 230, decoded picture
buffer 218, or some other memory) may be configured to store video data. The
processing circuiiry of video encoder 200 may be coupled to the one or more memories.
16286} Using similar techuiques 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-mterval (2002), the first pel-interval defiming a first distance
between consecutive vector difference candidates 1 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-tnderval (2004), the second pel-interval defining a secound distance between
consecative vector difference candidates 1n the second set of vector difference
candidates, and the second pel-interval being less than the first pel-interval, and
counstruct a vector difference candidate hist based on the second set of vector difference
candidates (2006}, In FIG. 20, the processing civeuttry 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 information indicative of a difference between the current block and a
prediction signal.

182871 FIG. 21 is a fowchart iHustrating an example method of constructing a vector
differcnce candidate list. The example of FIG. 21 itllustrates a two-step algonthm (c.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. 21 13 described with respect to processing circuitry, which may be
processing circuitry of video encoder 200 or video decoder 300,

[68288] The processing circuitry may add a candidate o a first set of vecior difference
candidates {¢.g., bvdCandsStep Hnput) that is a maltiple of a first distance away from a
vector predictor (2100}, For example, if the first distance is defined by a first pel-
mierval {e.g., 81}, then the candidates may be S1, 2*%51, 3*51, and so forth.

[6289] The processing circuiiry may determine respective cost valae for the candidate
(2102}, For instance, the processing circuitry may determine a T™ cost based on SAD
values between a reference temaplate 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 respoctive cost values.
16296] The processing circuitry may determine whether a range threshold or cost
threshold 1s satisfied (2104). For instance, the processing circuitry 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 (NGO of 2104), the
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processing circuitry may add another candidate to a fust set of vector ditference
candidates (2100}

(6291} If the range threshold or cost threshold 1s satistied {(YES of 2104}, the processing
circwitry may construct first subset of vector difference candidates based on cost values
{2106). One examples of the first subset of vector difference candidaies is
bvdCandsStep 1 (htput.

16292} The processing circuitry may add a candidate to a second set of vector difference
candidates {¢.g., bvdCandsSubSetStep2 fnput) that 1s between candidates of first set of
vector difference candidates that i1s a multiple of a second distance (2108). For
example, if the second distance is defined by a second pel-interval {e.g., 2}, then the
candidates may be {candStepiQGuiput ~ 52, candStep 1 Gutpat — (82 - 1),
candStepiQutput — (52 - 2), ... . candStep! Output, candStepl Gutput + (52 + 1),
candStep i Qutput +{S2 + 2), ..., candStep1Cutput + 852}, where candStep I (hitput are
candidates of the first set of vector difference candidates.

16293} The processing circuitry may determine 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 fo the candidate and a current template 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.

16294} The processing circuitry may determine whether last candidate 1s evaluated or
whether cost threshold 1s satisfied (2112}, I the last candidate 1s not evaluated or cost
threshold is not satisfied (NO of 2112}, the processing eircuttry may add another
candidate to a second set of vector difference candidates (2108).

[8295] If the last candidate 15 evaluated or the cost threshold is satisfied (YES of 2112},
the processing circuitry may consiruct a vector difference candidate hist{e.g.,
bvd{CandListN) based on cost vahues of candidates in the second set of vector difference
candidates {c.g., bvdCandsSubSetStepZinput) (2114}, For example, the processing
circuitry may deteroune the N candidates in bvdCandsSubSeiStepZInput having the
lowest cost and arrange the N candidates from lowest to highest cost, the result may be
the vector difference candidate kst

[629¢] FIG. 22 is a flowchart dlustrating another example method of constructing a

vector difference candidate hst. The example of FIG. 22 illustrates an iterative
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algorithm {c.g., derivation process) for constructing the vector difference candidate list.
¥ideo 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 mav be processing circuitry of video encoder 200 or video decoder 306

16297} The processing circuitry may add a candidate to a current set of vector difference
candidates based on a corrent pel-interval (2200}, For example, the processing circuitry
may add candidates that are 8-pel, 12-pel. 16-pel, and so forth, where the current pel-
mterval is 8.

16298} The processmg circuitry may determine a current subset based on cost values of
candidates n the current set (2202). For instance, the processing circuitry may select
the X number of candidates having the lowest cost.

6299} The processmg circuttry may determuine whether a pel-threshold 1s reached
(2204}, For instance, assume that the pel-threshold is Z-pel 1n this example. Simce the
current pel-interval is 8-pel, the processing circuitry may determine that the pel-
threshold is not reached (NO of 2204),

16308} The processmg circuitry may set the current set of subset of vector difference
candidates to the current set of vector differcnce candidates and set the current pel-
interval to a smaller pel-interval (¢.g., 4-pel) (2208). The processing circuitry may then
repeat the operations tlustrated 1o FIG. 22 untid the pel-threshold is reached (YES of
2204}, The processmyg circuilry may consiruct the vector difference candidate list based
on the current subset {e.g., X number of candidates having the lowest cost).

18361} The following munbered clauses dlustrate one or more aspects of the devices
and technigues descnibed in 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 list 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 Hst; and
reconstructing the current biock based on the vector for the current block.

18303} Clause 2. A method 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 difference candidate list based on the set of vector
difference candidates; determining a vector for the current block; determining a vector

difference based on the vector predictor and the vector for the current block; and
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signaling an mdex o the vector ditference candidate list that identifics the vector
difference.

(8304} Clavse 3. The method of any of clauses 1 and 2, wherem 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 or a
set of motion vector difference candidates, wherem the vector difference candidate list
ig one of a block vector difference candidate list or a motion vector difference candidate
list, and wherem the vector for the current block 1s one of a block vector or a motion
vector for the current block,

[8305] Clavse 4. The method of any of clauses 1-3, wherein deternuming the set of
vector difference candidates comprises determining the set of vector difference
candidates based on a set of positions surrounding a position of the vector predictor.
18306} Clause 5. The method of clause 4, wherein the set of pesitions includes all
positions surrounding the position of the vector predictor or less than all positions
surrounding the position of the vector predictor.

183071 Clause 6. The method of any of clauses 1-3, further comprising;
detormining a subset of vector difference candidates from the set of vector difference
candidates, wherein constructing the vector difference candidate list comprises
constructing the vector difference candidate list based on the subset of vector difference
candidates.

18308} Clause 7. The method of any of clauses 1--6, wherein constructing the
vector difference candidate list comprises: determining a first subset of the set of voctor
difference candidates based on one of selection of candidates along each divection 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 is the vector difference candidate list.
18309} Clause 8. The method of any of clauses 17, further comprising:
deteroining that a vector difference candidate m 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 predicior 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 1s equal to 0; 10 a condition where the vector predictor is
derived from a neighbor block, and the neighbor block 15 coded with vertical flip type,
the vector difference candidate has a horizontal component value that is equal to O, in a
condition where the current block 1s coded with horizontal flip type, the vector
difference candidate has a vertical component value that 1s equal to (; and in a condition
where the current block s coded with vertical flip type, the vector difference candidats
has a horizontal component value that is equal to 0.

18318} 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
compnses determining the set of vector difference candidates until a nunber of vector
difference candidates 15 equal to the threshold size.

18311} Clause 10, A device for decoding video data, the device comprising:
memory configured €0 store the video data; and processing circuitry configured to
perform the method of any of clauses 1 and 3-9,

18312} Clause 11, The device of clause 10, further comprising a display configure
to display decoded video data.

(8313} Claose 12 The device of any of clauses 10 and 11, wherein the device
comprises a video decoder or a video encader,

(8314} Clause 13, A device for encodmg video data, the device comprising:
memory configured to store the video data; and processing circuitry configured to

perform the method of any of clauses 2-9.

18315} Clause 14 The device of clause 13, wherein the device comprises a video
encoder.
(8316} Claose 15, The device of any of clauses 10-13, wherein the device

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

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

16318} Clause 17 A computer-readable storage medium having stored thereon
instructions that, when exgcuted, cause one or more processors o perform the method of

any of clauses 2-9.
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{6319} Clause 18, A device for decoding video data, the device comprising means
for performing the method of any of clauses | and 3-9.

[8328] Clagse 192, A device for decodmg video data, the device comprising means
for performing the method of any of clauses 2-9.

(8321} 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
definung a fust distance between consecutive vector difference candidates 1o the first set
of vector ditfference candidates stariing 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 m 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 vecior for the current block based on the vector predicior and
a vector difference from the vector difference candidate hist; and reconstructing the
current block based on the vector for the current block.

[8322f Clavse 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 mteger multiple of the first distance away from the vector predictor.
19323} Clause 3A.  The method of clause 2A, wherein adding candidates comprises
adding candidates until a range threshold is satisfied.

18324} Classe 4A.  The method of any of classes 2A and 34, wherein adding
candidates comprises adding candidates until & cost value associated with a candidate of
the first set of vector difforence candidates satisfies a cost threshold.

[8325] Clause SA.  The method of any of clauses 1A-4A, wheremn 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 miteger multiple of the second
distance.

[8326] Clause 5A.  The method of clause SA, wherein adding candidates between the

subset of candidates compnises 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.

18327} Classe TA.  The method of any of classes 1A-6A, farther comprising:
determining respoctive cost values 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.

18328} Clause 8A.  The method of any of clauses 1A-7A, further comprising:
determining respective cost values associated with candidates of the second set of vector
differgnce candidates, wherein 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
ig encoded i intra block~-copy (IBC) merge mode with block vector differences (IBC-
MBVYD]}, wherein the vector predictor 1s a block vector predictor {BVP), and wheren
the vector difference candidate hist is a block vector difference (BVD) candidate list.
18338 Clavse 10A.  The method of any of clauses 1A-9A, whersin the second
distance 1s less than or equal to the second pel-mterval,

[8331] Clause 1A, A device for decoding video data, the device comprising: ong or
morg memories configured to store the video data; and processing circuitry coapled to
the one o1 more memories, the processing circeitry being configured to: deteonine 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; 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 consecuiive vector difference
candidates in the second set of vector difference candidates, and the second pel-mterval
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.
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18332} Clause 12ZA.  The device of clause 11A, wherein to determine the first set of
vector difference candidates, the processing circuitry 1s 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.

18333} Clause 13A.  The device of clause 12A, whergin to add candidates, the
processing circuitry is contfigured to add candidates until a range threshold is satisfied.
18334} 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 candidate of the first set of vector difference candidates satisfies a cost
threshold.

[8335] Clause 15A.  The device of any of clauses 11 A-14A, wherein to deteomine the
second set of vector difference candidates, the processing circutiry is configared to:
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 mteger muitiple of
the second distance.

16336} 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.

16337} Clause 17A.  'The device of any of clauses 11A-16A, wherein the processing
circuitry is configured to: determune respective cost values associated with candidates of
the first set of vector difference candidates: and constract a first subset of vector
differgnce candidates based on the respective cost values, wherein to determine the
second set of vector difference candidates, the processing circuitry 1s configured to
determine the second set of vector difference candidates based on the first subset of
vector difference candidates.

16338} Clause 18A.  'The device of any of clauses 11A-17A, wherein the processing
circuytry is contigured to: determine respective cost values associated with candidates of
the second set of vector difference candidates, wherein to 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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18339} Clause 19A.  The device of any of clauses 11A-18A, wherein the current block
13 encoded in ntra block-copy (IRC) merge mode with block vector differences (IBC-
MBVD), wherein the vector predictor s a block vector predictor (BVP), and wheremn
the vector difference candidate hist 1s a block vector difference (BVD) candidate list.
[8346] Clause 20A.  The device of any of clauses 11A-19A, wherein the second
distance 1s less than or equal to the second pel-interval.

19341} Clause 21A.  The device of any of clauses 11A-20A, wherein the device
comprises one or mare of a camera, a computer, a mobile device, a broadcast receiver
devige, or a set-top box.

(8342} Clagse 22A. A computer-readable storage medium storing instructions therson
that when executed cause one or more processors o) determine a vector predictor for a
current block of video data; deternine a first set of vector ditference candidates based
on a first pel-mterval, the first pelanterval defining a first distance between consecutive
vector difference candidates in the first set of vector difference candidates starting with
the vector predictor; detemine 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
sccond set of vector difference candidaies. 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 Bist; and
reconstruct the current bock based on the vector for the current block,

[8343] Clause 23A. 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 memories, the processing circuttry 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 3 first pel-interval, the first pel-interval detining a first
distance between consecutive vector difference candidates in the first set of vector
difference candidates starting with the vector predicior; determine a second set of vector
difference candidates based on the first sct of vector difference candidates and a second
pel-inierval, the sccond pel-interval defining a second distance between consecutive
vector difference candidates in the second set of vector difference candidates, and the

sccond pel-nterval being less than the first 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 into the vector difference candidate list for decoding the current block.

(8344} It 15 to be recognized that dependimg on the example, certain acts or events of
any of the technigues described herein can be performed in a different sequence, may be
added, merged, or iefi out aliogether {e.g., not all described acts or events are necessary
for the practice of the techmques). Moreover, in certain examples, acts or cvents may
be performed concurrently, e.g.. through multi-threaded processing, mterrupt
processing, or multiple processors, rather than sequentially.

18345} In one or more examples, the functions described may be implemented
hardware, software, firmware, or any combimnation thereof. If implemented in software,
the functions may be stored on or fransmitted over as ong or more instructions or code
on a compuicr-readable medium and executed by a hardware-based processing unit,
Computer-readable media may include computer-readable storage media, which
corrgsponds 1o a tangible medium such as data storage media, or commmumication media
ncluding anv medium that facilitates transfor of a computer program from one place to
another, e.g., according to a conymunication 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 medium such as a signal or
carrier wave. Data storage media may be any avatlable media that can be accessed by
OnE OF MOTE COMPUILTS OF ONES OF MOTS PIOcessors to retrneve mstructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium.

18346} By way of example, and not himutation, such computer-readable storage media
may nclude one or more of RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage, or other magnetic storage dovices, flash memory, or any
other medung that can be used to store desired program code w the form of instractions
or data structures and that can be accessed by a computer. Also, any connection 1s
properly termed a computer-readable medium. For example, if wnstructions are
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (351}, or wircless technologics such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as mfrared, radio, and microwave are included in
the definition of medium. I should be understoond, however, that computer-readable

storage media and data storage media do not mcelude connections, carrier waves, signals,
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or other transitory media, but are nstead directed to non-transitory, tangible storage
media. Pisk and disc, as used herein, mcludes compact dise (CD), laser disc, optical
disc, digital versatile disc (DV D}, floppy disk and Blu-ray disc, where disks asually
reproduce data magnetically, 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 ong or more progessors, such as one or more
DSPs, general purpose microprocessors, ASICs, FPGAs, or other equivalerd integrated
or discrete logic circuitry, Accordingly, the terms “processor” and “processing
crrawitry,” as used herein may refer to any of the foregoing structures or any other
structure suitable for toplementation of the techniques described herein. In addition, in
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 1n
One oF 1001 Circuits or logic elements.

18348} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an mtegrated circuit (IC) or a set of
ICs {e.g.. achip set). Various components. modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techmques, but do not necessarily require realization by different hardware
units. Rather, as described above, various uniis may be combined in a codec hardware
unit or provided by a collection of interoperative hardware aniis, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
(8349} Various examples have been described. These and other examples arg within the

scope of the following claims.
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CLAIMS

1. Amethod 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 in the second set of vector difference
candidates, and the second pel-interval being less than the first pel-interval comprising: 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 multiple of the second distance;
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 1, wherein determining the first set of vector difference candidates
comprises: adding 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.

3. The method of claim 2, wherein adding candidates comprises 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 satisfies a cost
threshold.

5. The method of claim 1, wherein adding candidates between the subset of candidates comprises
adding 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.

6. The method of claim 1, further comprising: determining respective cost values 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.

7. 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 values.
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8. The method of claim 1, wherein the current block is 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 wherein the vector difference candidate list is a block vector difference
(BVD) candidate list.

9. The method of claim 1, wherein the second distance is less than or equal to the second pel-
interval.

10. A device for decoding video data, the device comprising: one or more memories 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;
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; 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 vector
difference candidates in the second set of vector difference candidates, and the second pel-
interval being less than the first pel-interval, wherein to determine 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 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 integer multiple of the second distance; 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.

11. The device of claim 10, wherein to determine the first set of vector difference candidates, the
processing circuitry is 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.

12. The device of claim 11, wherein to add candidates, the processing circuitry is configured to
add candidates until a range threshold is satisfied.

13. The device of claim 11, wherein 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.

14. The device of claim 10, 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.
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15. The device of claim 10, wherein the processing circuitry 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 circuitry is
configured to determine the second set of vector difference candidates based on the first subset of
vector difference candidates.

16. The device of claim 10, wherein the processing circuitry is configured to: determine
respective cost values associated with candidates of the second set of vector difference
candidates, wherein to construct the vector difference candidate list, the processing circuitry is
configured to construct the vector difference candidate list based on the respective cost values.

17. The device of claim 10, wherein the current block is 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 wherein the vector difference candidate list is a block vector
difference (BVD) candidate list.

18. The device of claim 10, wherein the second distance is less than or equal to the second pel-
interval.

19. The device of claim 10, wherein the device comprises one or more of a camera, a computer, a
mobile device, a broadcast receiver device, or a set-top box.

20. 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 memories, the
processing circuitry 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-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 vector
difference candidates in the second set of vector difference candidates, and the second pel-
interval being less than the first pel-interval, wherein to determine 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 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 integer multiple of the second distance; construct a vector
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.



