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BLOCK SELECTION FOR FUSION IN VIRDEO COBING

{3001} This apphication claims prionty to U.S. Patent Application No. 18/633,182, filed
April 11, 2024, and U.S. Provisional Application No. 63/496.318, filed Apnil 14, 2023,
and U.S. Provisional Application No. 63/588,251 filed October 5, 2023, the entire
contents of which are hereby incorporated by reference hercin. U.S. Patent Application
No. 18/633,182, filed April 11, 2024 claims the benefit of U.S. Provisional Application
No. 63/496,318, filed Apnil 14, 2023 and U5, Provisional Application No. 63/588,251
fied October 5, 2023.

TECHNICAL FIELD

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

BACKGROUND

[B80303] Digital video capabilities can be incorporated mto a wide range of devices,
inclading digital televisions, digital direct broadcast systems, wircless broadeast
svstems, personal digital assistants (PDAs), lapiop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recordmg devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Dhgital video devices tplement video coding techniques, such as
those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H.265/High Efficiency
Video Coding (HEVC), I'TU-T H 266/ Versatile Video Coding (VVC), and extensionsg of
such standards, as well as proprictary video codecs/formats such as AOMedia Video |
{AV1) that was developed by the Alliance for Open Media. The video devices may
transmit, receive, encode, decode, and/or storg digital video information more
cfficiently by umplementing such video coding technigues.

[3004] Video coding techniques include spatial (intra-picture} prediction and/or
temporal {(inter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice {e.g., a video picture or a
portion of a video picturc} may be partitioned nto video blocks, which may also be

referred to as coding tree units (CTUs), coding units {(CUs) and/or coding nodes. Video
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blocks m an mitra-coded (1} slice of a picture are encoded using spatial prediction with
respect to reference samples in neighboring blocks in the same picture. Video blocks in
an inier-coded (P or B) shice of a picture may use spatial prediction with respect to
reference samaples o neighborning blocks in the same picture or temporal prediction with
respect to reference samples in other reforence pictures. Pictures may be referred 1o as

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

SUMMARY

18603} In goneral, this disclosure describes techniques {e.g., fusion, filter, and padding}
and svntax for the template matching (TM) related tools. The disclosed methods can be
applied as extensions to any of the existing video codecs, such as HEVC (High
Efficiency Video Coding), VVC (Versatile Video Coding}, Essential Video Coding
(EVC) or be an efficient coding tool in foture video coding standards {¢.g., ECM
{Enhanced Compression Model)).

8006} This disclosure describes examples of utilizing more than one paticrn and/or
process of template determination 1o template matching, as well as technigues related to
weight selection for fusion. For mstance, a video coder {e.g., video encoder or video
decoder} mayv use different template tvpes, store more candidates, and apply fusion to
combine the different candidates. The different candidates may be found through
various different techuigues. o this manner, the exampie techniques may improve the
functionality of template matching 1 video coding, which roay promote bandwidth
and/or processing efficiencies.

[8307] For example, for encoding or decoding a current block, a video encoder or
decoder may deternuing a plarality of blocks that the video encoder or decoder fuses to
generate a prediction signal for the current block. In one or more examples, the video
encoder and the video decoder may determine weights applied to pixels of a block, for
fusing, where the weights are based on a respective pixel posttion of the pixels. By
having flexibility to apply dufferent weights based on pixel position, the video encoder
and video decoder may generate a prediction signal that is a better approxamation of the
carrent block as compared to other fusing techmiques to generate a prediction signal.
18608] Morcover, the video encoder and decoder may deternine the plurality of blocks
{c.g.. for fusing or for other video coding techniques) based on teraplate matching,

where the video encoder or decoder may filter at least one of a current template for the
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current block or respective reference templates for the plurality of blocks. By filterning
the current template and/or reference templates, the video encoder or video decoder may
remove noise i the templates, allowing for a more accurate comparison between the
current template and the reference templates for various video coding fechniques.
(8009} In one or more exampics, there may be a plurality of template matching modes,
and the video decoder may be configured to select one of the template matching modes.
Fach of the template matching modes, also called fusion candidates, may include a
group of blocks. This disclosure describes a probing scheme to determine a templaie
matching mode {¢.g., select the group of blocks used for fusing). For example, the
probing scheme may mvolve comparing neighboring pixels to a current block fo
neighboring pixels to one or more reference blocks, to determine the template matching
mode. For example, a video coder may fuse probing samples deterouned from pixels
proximate to blocks 1n each group of blocks o generate respective fused probing
samples for each group of blocks. The video coder may compare current probing
samples determuned from pixels proximate the current block to the respective fused
probing samples to select a group of blocks used for fusing,

(8818} In some examples, a list of candidate modes (alsc called fusion candidate fist or
list of groups of blocks) may be sorted according to the performance of the probing
scheme, and an index value may be coded 1o indicate which of the candidate modes
{e.g., which group of blocks} i the sorted list is to be selected. In this manner, syntax
related to the selected candidate mode {e.g., selected group of blocks used for
prediction) may be reduced or eliminated, thereby reducing signaling overhead in the
bitstream.

(8611} In onc example, the disclosure describes a method of encoding or decoding
video data. the method comprising: determining, for a current block, a plurality of
blacks for fusing; determining a respective first weight for two or more pixels of a first
block of the plurality of blocks based on a respective position of the two or more pixels
of the first block; determining a respective second weight for two or more pixels of a
second block of the plurality of blocks; fusing the two or more pixels of the first block
and the two or more pixels of the second block based on the respective first weight for
the two or more pixels of the first block and the respective second weight for the two or
more pixels of the second block o generate a prediction signal; and encoding or

decodimg the current block based on the prediction signal.
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16612} In one example, the disclosure describes a device for encoding or decading
video data, the device comprising: one or more memorics configured to store the video
data; and processing circuitry coupled to the one or more memories, whergin the
processing circuitry 1s configured to: determune, for a current block, a plurality of blocks
for fusing; deteravine a respective first weight for two or more mixels of a first block of
the plurality of blocks based on a respective posttion of the two or more pixels of the
first block; determine a respective second weight for two or more pixels of a second
block of the plurality of blocks; fuse the two or more pixels of the first block and the
two or more pixels of the second block based on the respective first weight for the two
or more pixels of the first block and the respective second weight for the two or morg
pixels of the second block to generate a prediction signal; and encode or decode the
current block based on the prediction signal.

|31 3] In one example, the disclosure describes a method of encoding or decoding
video data, the method compnsing: determining a current template for a carrent block
hased on pixels that neighbor the current block; deternuning respective reference
templates for each of a plurality of blocks; filtering at least one of the current template
or the respeciive reference templates to generate at feast one of a filtered current
template or respective filtered reference templates; determining respective template
matching costs for cach of the plurality of blocks based or one of the filtered current
template and the respective reference templates; the current template and the respective
filtered reference templates; or the filtered current template and the respective filtered
reference templates; and encoding or decoding the current block based on the respective
template matching costs.

(8614} In onc example, the disclosure describes a method of encoding or decoding
video data. the method comprising: selecting a group of blocks based on probing
samples determined from pixels that are proximate to the blocks in the group of blocks
and current probing samples determined from pixels that are proxamate to a current
block; fusing the blocks n the group of blocks {0 generate a prediction signal; and
encoding or decoding the current block based on the prediction signal.

16615} In one example, the disclosure describes a device for encoding or decoding
video data, the device comprising: one or more memorics configured to store the video
data; and processing circuitry coupled to the one or more memories, wherein the
processing civcuitry 1s configured to: select a group of blocks based on probing samples

determined from pixels that are proximate to the blocks 1 the group of blocks and
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current probimg samples deternmined from pixels that are proxumate to a current block;
fuse the blocks n the group of blocks {0 generate a prediction signal; and encode or
decode the current block based on the prediction signal.

(8616} In onc example, the disclosure describes a non-transitory computer-readable
storage medium storing fnstructions thereon that when executed cause ong or more
processors (o) seleet a group of blocks based on probing samples determined from
pixels that are proximate to the blocks in the group of blocks and current probing
samples determuined from pixels that are proximate to a current block; fuse the blocks i
the group of blocks to generate a prediction signal; and encode or decode the current
block based on the prediction signal.

(8617} The details of one or more examples are set forth in the accompanymg drawings
and the description below. Other features, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

18618} FIG. 1 15 a block diagram iliustrating an examaple video encoding and decoding
system that may perform the techuniques of this disclosure.

18619} FIG. 2 15 a block diagram iHustrating an example video encoder that may
perform the technigaes of this disclosure.

18628} FIG. 3 15 a block diagram thustrating an example video decoder that may
perform the techrigues of this disclosure.

[B8621] FIG. 4 15 a Hlowchart illustrating an example method for encoding a current
block 1n accordance with the techniques of this disclosure.

19622} FIG. 5 15 a flowchart tllustrating an example method for decoding a carrent
block in accordance with the techmigues of this disclosure.

(8623} FIG. 615 a conceptual diagram illustrating an example of imtra template
matching scarch arca that is used.

{6624} FIG. 7 15 a conceptual diagram tilustrating an example of template matching on a
search arca around an mitial motion vector (MY}

[B325] FIG. 8 18 a conceptual diagram llustrating an example of template and reference

samples of & template 1n reference pictures.
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18626} FIG. 9 15 a conceptual diagram illustrating an example of tomplate and reference
samples for the template for block with sub-block motion using motion information of
the sub-blocks of the current block.

18627} FIGS. 10A-10D are conceptual diagrams itlustrating examples of IBC reference
region depending on current coding unit (CU) position.

[8328] FIGS. 11A and 118 are conceptual diagrams illustrating example filters to be
applied for template matching.

[0025] FIG. 12 is a table for template for the 1% and 2" geometric partitions,

186381 FIG. 13 1s a conceptual diagram itustrating an example reference sampile
template and an example probe sample template according to techniques of this
disclosure.

(8031} FIG. 14 is a conceptual diagram iHlustrating an example of a spatial pixel relative
{0 a current pixel.

19632} FIG. 15 is5 a conceptual diagram iHustrating an example reference sample
template and an example sulti-lined probe sample template accordmg to techmiques of
this disclosure.

{8633} FIG. 16 is a conceptual diagram iHhustrating an example of determining a group
of blocks for fusion.

(6634} FIG. 17 is a conceptual diagram dlustrating an example set of pixels that may be
multiplied by a weighting factor according to techniques of this disclosure.

8335 FIG. 18 18 a conceptual diagram iHustrating another example set of pixels that
may be multiplied by a weighting factor according to techuigues of this disclosure.
18636} FIG. 19 15 a flowchart sHustrating an example method of operation.

(8837} FIG. 20 is a flowchart tHhustrating an example method of operation.

(8638 FiG. 21 is a flowchart tustrating an example method of operation.

DETAILED DESCRIPTION

6639} Template matching and fusion are exanple video coding technigues. In
template matching, a video coder {e.g., video encoder or video decoder) may compare a
current template (e.g., samples proximate a corrent block in a current picture being
encoded or decoded) to a plurality of reference templates {¢.g.. samples in ancther
picture or other samples in the same picture that neighbor blocks). The plurality of

templates may be within a search arca/range, may have a particular shape, eic. Based
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on the comparison, the video coder may perform one or more operations 1o Improve
video coding efficiencies. For example, the video coder may update an initial motion
vector, updaie values of prediction samples, reorder a merge list, ete.

(8648 This disclosure describes example techruques related to template matching that
may improve the functionality of template matching in video coding, therchy traproving
the overall fanctionality of a video coding system, including reducing coder complexity,
improving coding efficiency, and/or reducing distortion. In one or more examples, the
video coder may be configured to filter at least one of the current template ot the
reference templates, such as by using a low pass filter. The video coder may then the
filtered current template, the filtered reference templates, or both the filtered current
template and the filiered reference templates for template matching.

[8041] As described above, fusion is a video coding techmique. In fusion, a video coder
determines a plurality of blocks {(e.g., using template matching or other technigues}, and
fuses pixels of the plurality blocks {e.g.. fuse top-left pixel in each of the plurality of
blocks, fuse the pixel right of the top-left pixcl i each of the plurality of blocks, and so
forth}). To fuse, the video coder may perform a weighted average of the pixels. Inone
or more examples, rather than assigning one weight all pixels in a first block of the
plurality of blocks, the video coder may assign weights to pixels in the first block based
on a respective postiion of the pixels in the fivst block. The video coder may sipularly
assign weights to pixels in the other blocks, but assignimg weights 1n this manner to the
other blocks is not necessary in all examples. In this manner, the video coder may
generate a prediction signal that is better approximation of the current block, as
compared to other fusion techniques, resulting in reduced signaling for information of
residual values indicating a difference between the prediction signal and the current
block.

[8042] There may be various ways in which to determine the plurality of blocks (c.g.. a
group of blocks) that are to be used for fusion. The plurality of blocks used for fusion
or the group of blocks used for fusion may be referred to as a plurality of prediction
blocks or a group of prediction blocks. For example, because the plurality of fusion
blocks or the group of blocks are used to generate the prediction signal, the phluraliy of
fusion blocks or the group of blocks may be considered as the plurality of prediction
blocks or the group of prediction blocks.

[8043] For instance, i there are 15 blocks, a first grouping of blocks used for fusing

may be a first group of blocks that mclades blocks 0-4, a second grouping of blocks
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used for fusing may be a second group of blocks that includes blocks 5-9, and a third
grouping of blocks used for fusing may be a third group of blocks that includes blocks
10--14. There may be other ways o define the grouping of blocks.

{6044} fo some examples, the different groups of blocks {c.g., blocks 04, 5-9, and 10~
14) may be predefined. In some examples, a video coder may determine different
groups of blocks {¢.g., based on signaling or implicit techoiques).

16345} The video coder may determine which group of blocks from these different
groups of blocks arc to be used for fusing. That is, 1 there are six groups of blocks
{c.g., groups 0-33, where each group includes two or more blocks, the video encoder
and the video decoder may determine which one of groups 0-3 to use for fusing, and
then fusing the blocks within that group to generate the prediction signal for encoding or
decoding a current block.

[8346] In accordance with one or more examples, a probing scheme may be used to
determine a template matching mode (¢.g.. used to determine which group of blocks to
use for fusion). For exaraple, the probing scheme may involve comparing neighboring
pixels to a current block to neighboring pixels to one or more blocks {¢.g., one or more
reference blocks), to determine the template matching mode. As an example, for each
groups of blocks {e.g.. cach of groups 0-3), the video coder may fuse {¢.g., weighted
average ot sorae other technique) probing samples detervuned trom pixels that are
proximate to the blocks in each of the groups of blocks and current probing samples
determined from pixels that are proximate to the current block.

186347} For example, assume there are a plurality of groups of blocks meluding a first
group of blocks and a second group of blocks. The video coder may select a group of
blocks based on probing samples determined from pixels that are proximate to the
blocks in the group of blocks and current probing samples determined from pixels that
are proximate to the current block.

[8348] The video coder may determine first reference probing samples for respective
blocks m a first group of blocks, and fuse the first refergnce probing samples to generate
first fused probing samples. The video coder may deternuine second reforence probing
samples for respective blocks in a second group of blocks, and fuse the second refercnce
probing samples to generate second fused probing samples.

(8649 The video coder may compare the current probing samples to the first fused
probing samples to generate a first comparison value, and compare the current probing

samples to the second fused probing samples to generate a second comparison value,
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For example, the video coder may determine a sum of absolute differcnces (SAD), sum
of squares ervor {SSE), or some other technigue as a way to compare the current probing
samples to the first or second fused probing samples to generate the first or second
comparison value.

[8056] The video coder may select a group of blocks based on at least the first
comparison vahie and the second comparison value. The video coder may then fuse the
blocks of the group of blocks to generate the prediction signal for the current block.
{8651} As one example, if the first companson value is less than the second comparison
value, then the video coder may select the first group of blocks for fusing. That 15, if the
first comparison value 1s less than the respective comparison value for all other groups
of blocks, then the video coder may select the first group of blocks for fusing. For
nstance, the video coder may select the group of blocks that corresponds to having the
smallest comparison value.

186352] As ancther example, the video coder may order a list of groups of blocks {(alse
called fusion candidate hist), where the first group of blocks is identified at a lower
mdex value, in the Hst of groups of blocks, than the second group of blocks based on the
first comparison vahie being less than the second companison value. That 13, the video
coder may order the list of groups of blocks {e.g., fusion candidate kist) starting from the
group of blocks having the lowest comparison value {¢.g., indicating that fused probing
samples of the group of blocks are most similar to the probing samples of the current
block) to the group of blocks having the highest comparison value (e.g., indicating that
the fused probing samples of the group of blocks are least similar to the probing
samples of the current block}.

(8653} The video coder may select the group of blocks based on the Hst of groups of
blocks. For example, a video encoder may signal and a video decoder may receive an
index mto the list of groups of blocks to select the group of blocks used for fusing.
[B80354] That 15, in some examples, a hist of candidate modes (e.g., fusion candidate hist
or list of groups of blocks) may be sorted according to the performance of the probing
scheme {¢.g., based respective comparison values}, and an index value may be coded to
indicate which of the candidate modes (¢.g.. which group of blocks) 1o the sorted list is
1o be used for fusmg.

{8655} In this manuer, syatax related to the selected candidate mode {e.g., which group
of blocks is selected) may be reduced or eliminated, thereby reducing signaling

overhead in the bitstream. For imstance, m examples where the group of blocks used for
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fusing 1s selected automatically based on which group of blocks had the lowest
comparison value, svniax related to selecting the group of blocks may be eliminated.
(8656} In examples where the video coder orders the list of groups of blocks (e.g., the
fusion candidate hist or list of candidate modes) based on the comparison value, there
may be reduction m signaling overhead. For instance, the group of blocks having a
lower comparison value may be more hikely to be selected as the group of blocks that
are to be fused compared to other groups. There may be a lower signaling overhead
signaling smaller index values into the list of groups of blocks than signaling larger
index values. Accordingly, by ordering the hist of groups of blocks based on comparison
value from least to greatest, there 1s a higher bkelihood that a lower index value is
signaled than a higher index value, resufting m reduced signaling overhead, as
compared to techiuques in which such orderning is not performed.

[B387] FIG. 1 18 a block diagram llustrating an example video encoding and decoding
system 100 that may perform the techniques of this disclosure. The techniques of thig
disclosure are generally directed to coding {encoding and/or decoding) video data. In
general, video data mncludes any data for processing a video. Thus, video data may
mclude raw, unencoded video, encoded video, decoded {e.g., reconstructed) video, and
video metadata, such as signaling data.

{60638} As shown 1o FIG. 1, systera 100 jocludes a source device 102 that provides
encoded video data to be decoded and displaved by a destination device 116, in this
example. In particudar, source device 102 provides the video data to destination device
116 via a computer-readable mediim 116, Source device 102 and destination device
116 may be or include any of a wide range of devices, such as deskiop computers,
notebook (1.2, laptop) computers, mobile devices, tablet computers, set-top boxes,
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media playvers, video gaming consoles, video streaming device, broadcast receiver
devices, or the Iike. In some cases, source device 102 and destination device 116 may
be equipped for wireless communication, and thus may be referred to as wireless
communication devices.

16639] In the example of FIG. 1, source device 102 includes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 includes
input imterface 122, video decoder 300, memory 120, and display device 118, In

accordance with this disclosure, video encoder 200 of source device 102 and video
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decader 300 of destination device 116 may be configured to apply the techmiques for
template matching related tools for video coding.

[8868] Thus, source device 162 represents an example of a video gncoding device,
whife 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 receive video data from an
external video source, such as an external camera. Likewise, destination device 116
may urterface with an external display device, rather than mclude an integrated display
device.

(8061} System 100 as shown in FIG. 1 1s merely one example. In general, any digital
video encoding and/or decoding device may perform techuigques for template matching
related tools for video coding. Source device 102 and destination device 116 are mercly
examples of sach coding devices in which source device 102 generates coded video data
for transmission to destination device 116, This disclosure refers o a “coding™ device
as a device that performs coding {encoding and/or decoding) of data. Thus, video
cncoder 200 and video decoder 300 represent examples of coding devices, in particular,
a video encoder and a video decoder, respectively. In some examples, source device
102 and destination device 116 may operate in a substantially symmetrical manner such
that cach of source device 102 and destination device 116 includes video encoding and
decoding components. Hence, svstem 100 may support one-way or two-way video
transmission between source device 102 and destination device 116, ¢.g., for video
streaming, video playback. video broadcasting, or video telephony.

[8662] In general, video source 104 represents a source of video data (e, 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, g video archive containing previously captured raw video, and/or a video
feed mterface to reccive video from a video content provider. As a further altemative,
video source 104 may generate computer graphics-based data as the source video, ora
combination of live 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
referced 1o as “display order™) into a coding order for codmg. Video encoder 200 may

generate a bitstream including encoded video data. Source device 102 may then output
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the encoded video data via output nderface 108 onto computer-readable mediurn 110 for
reception and/or retrieval by, e.g., input interface 122 of destination device 116.

8063} Memory 106 of source device 102 and memory 120 of destination device 116
reprosent general purpose memories. In some examples, memaories 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 alternatively, memornies 106, 120 may store software
instouctions executable by, ¢.g., video encoder 200 and video decoder 300, respectively.
Although memory 106 and memory 120 are shown separately from video encoder 200
and video decoder 300 in this example, it should be understood that video encoder 200
and video decoder 300 may also include nternal memones for functionally similar or
cquivalent purposes. Furthermore, memories 106, 120 may store encoded video data,
¢.g., output from video encoder 200 and mnput to video decoder 300, In some examples,
portions of memortes 106, 120 may be allocated as one or more video buffers, e g, to
store raw, decoded, and/or encoded video data.

18664} Computer-readable medium 110 may represent any type of medium or device
capable of transporting the encoded video data from source device 102 (o destination
device 116. In one example, computer-readable medivm 110 represents a
communication medium {o enable source device 102 o transmit encoded video data
directly to destination device 116 in real-time, ¢.g., via a radio froquency network or
computer-based network. Output interface 108 may modulate a transnussion signal
including the encoded video data, and wnput interface 122 may demodulate the received
transmission signal, according to a comuunication standard, such as a wireless
communication protocol. The communication medium may mehide any wireless or
wired commumication medium, such as a radio frequency (RF) spectrum or ong or more
physical transmission lines. The communication medium may form part of a packet-
based network, such as a local area network, a wide-arca network, or a global network
such as the Internet. The commumication medium may mclude routers, switches, base
stations, or any other equipment that may be useful to facilitate commumication from
source device 102 to destination device 116.

(8063} In some examples, source device 102 may output encoded data from output
mterface 108 to storage device 112, Similarly, destination device 116 may access
eneoded data from storage device 112 via input interface 122, Storage device 112 may

include any of a vanety of distributed or locally accessed data storage media such as a
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hard drive, Blu-ray discs, DVDs, C-ROMs, flash memory, volatile or non-volatile
memory, or any other suitable digital storage media for storing ¢ncoded video data.
(80866} In some examples, source device 102 may output encoded video data to file
server 114 or another intermediate storage device that may store the encoded video data
gencrated by source device 102, Destination device 116 may access stored video data
from file server 114 via streaming or download.

1636367} Fie scrver 114 may be any type of server device capable of storing encoded
video data and transmitting that encoded video data to the destination device 116, File
server 114 may represent a web server {e.g., for a websiie}, a server configured {o
provide a file transfer protocol service (such as File Transfer Protocol (FTP) or File
Delivery over Unidirectional Transport (FLUTE} protocol), a content delivery network
(CON) device, a hypertext transfor protocol (HTTP) server, a Multimedia Broadcast
Muldticast Service {MBMS) or Enhanced MBMS (cMBMS) server, and/or a network
attached storage (NAS) device. File server 114 may, additionally or alternatively,
implement one or more HTTP streaming protocols, such as Dynamic Adaptive
Streaming over HTTP (BASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol {RTSP), HTTP Dynamic Streaming, or the like.

18668 Destination device 116 may access encoded video data from file server 114
through any standard data connection, including an Internct connection. This may
mclude a wireless channel {¢.g., a Wi-Fi connection), a wired connection {¢.g., digital
subscriber line (DSL), cable modem, ete ), or a combination of both that 18 suatable for
accessing encoded video data stored on file server 114, Input wnterface 122 may be
contigured to operate according o any one or more of the various protocols discusse
above for retrieving or receiving media data from file server 114, or other such
protocols for retrieving media data.

16669} Output interface 108 and input iterface 122 may represent wircless
transmitiers/receivers, modems, wired networking components {e.g., Ethemet cards),
wireless commumication compongents that operate according to any of a variety of IEEE
#02.11 standards, or other physical components. In examples where outpwt interface
108 and mput moterface 122 melude wireless components, output tnterface 108 and nput
miterface 122 may be configured to transfor data, such as encoded video data, according
to a cellular communication standard, such as 4G, 4G-LTE (Long-Term Evolution),
L'TE Advanced, 5G, or the like. In some examples where output interface 108 includes

a wireless transmitier, output interface 108 and mput mterface 122 may be configured to
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transfer data, such as encoded video data, according to other wireless standards, such as
an [EEE 802 11 specification, an IEEE 802 15 specification {c.g., ZigBee™), 5
Bluetooth™ standard, or the like. In some examples, source device 102 and/or
destiation device 116 may nchude respective system-~-on-a-chip {SoC) devices. For
example, source deviee 102 may mnclude an SoC device to perform the functionality
attributed to video encoder 200 and/or output interface 108, and destination device 116
may include an SoC device to perform the functionality attribuied to video decader 300
and/or mput inderface 122,

186781 The techniques of this disclosure may be applied to video coding in support of
any of a variety of multimedia apphications, such as over-the-air television broadeasts,
cable television transmissions, sateliite tefevision transmissions, Internet streaming
video transmissions, such as dvnamic adaptive streanung over HUTP (DASH), digital
video that 1s encoded onto a data storage medium, decoding of digital video stored on a
data storage medium, or other applications.

18671} Input mterface 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 inclode
signaling information defined by video encader 200, which is also used by video
decoder 300, such as syntax clements having values that describe characienistics and/or
processing of video blocks or other coded units {e.g., slices, pictures, groups of pictures,
sequences, or the hike). Display device 118 displays decoded pictures of the decoded
video data to a user. Display device 118 may represent any of a variety of display
devices such as a lquid crystal display (LCD), a plasma display, an organic hght
emitiing diode (OGLED) display, or ancther type of display device.

18672} Although not shown in FIG. 1, in some examples, vides encoder 200 and video
decoder 300 may cach be mtegrated with an audio encoder and/or audio decoder, and
may mclude appropriate MUX-BEMUX units, or other hardware and/or sottware, to
handle multiplexed streams including both andio and video i a common data stream.
13373} Video encoder 200 and video decoder 300 each may be implemented as any of a
varigty of suttable encoder and/or decoder circuitry, such as one or more
microprocessors, digiial signal processors (BSPs), application specific integrated
circuits {ASICs), field programmable gate arrays (FPGAs), disereie logic, software,
hardware, firmware or any combinations thereof. When the technigues are tmplemented

parfially 10 software, a device may store mstructions for the software in a suitable, non-
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transitory computer-readable medung and execuic the instructions in hardware using
one or more processors to perform the technigues of this disclosure. Each of video
encoder 200 and video decoder 300 may be meluded 1 one or more encoders or
decoders, cither of which may be integrated as part of a combined encoder/decoder
(CODEC) i arvespective device. A device including video encoder 200 and/or video
decoder 300 may implement video encoder 200 and/or video decoder 300 1n processing
circuitry such as an integrated circutt and/or a microprocessor. Such a device may be a
wircless communication device, such as a cellular telephone, or any other type of device
described herein.

(8874} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as FTU-T H.265, also referred to as High Efficiency Video
Coding (HEVC) or extensions thereto, such as the multi-view and/or scalable video
coding extensions. Altematively, video encoder 200 and video decoder 300 may
operate according to other proprictary or industry standards, such as FTU-T H.266, also
referred to as Versatile Video Coding (VVC). o other examples, video encoder 200
and video decoder 300 may operate according to a proprictary video codec/format, such
as ADMedia Video 1 (AV]), extensions of AV, and/or successor versions of AV (g.g.,
AVYZ). 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 fo any particular coding standard or format. In
general, video encoder 200 and video decoder 300 may be configured to perform the
technigques of this disclosure in conpunction with any video coding technigues that use
template matching.

{8875} In general, video encoder 200 and video decoder 300 may perform block-based
coding of pictures. The term “block™ generally refers to a structure including data to be
processed {e.2., encoded, decoded, or otherwise used in the encoding and/or decoding
process). For example, a block may melude a two-dimensional matrix of samples of
tominance and/or chrominance data. In general, video encoder 200 and video decoder
300 may code video data represented ina YUV (e.g., Y., Ch, Cr) format. That is, rather
than coding red, green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code humimance and chrominance components, where the
chrominance comaponents may include both red hue and blue hue chrominance
components. In some examples, video encoder 200 converts received RGB formatted

data to a YUV representation prior to encoding, and video decoder 300 converts the
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YUV representation to the RGB format. Alternatively, pre- and post-processing units
{not shown} may perform these conversions.

(8876} This disclosure may geoerally refer to coding (e.g., encoding and decoding) of
pictures to include the process of encoding or decoding data of the picture. Simlarly,
this disclosure may refer to coding of blocks of a picture 1o include the process of
encoding or decoding data for the blocks, ¢.g., prediction and/or residual coding. An
encoded video bitstream generally mclades a series of values for syntax clements
represeuntative of coding decisions {e.g., coding modes) and partitioning of pictures into
blocks. Thus, references to coding a picture or a block should generally be understood
as coding values for syntax elements forming the picture or block,

[8677) HEVC defines various blocks, inchuding 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 umit (CTU) o ClUs according to a quadtree
structure. That s, the video coder partitions CTUs and CUs into four equal, non-
overapping squares, and cach 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 mchide one or more PUs and/or one or more TUs. The video coder may
further partition PUs and TUs. For example, i HEVC, a residual gquadtree (RQT)
represerds partitioning of TUs. In HEVC, PUs represent iter-prediction data, while
TUs represent residual data. CUs that are intra~-predicted include mtra~prediction
information, such as an mtra-mode indication.

18678] 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 pictare into a plurality of CTUs. Video encoder 200
may partition a CUTU according to a tree structure, such as a quaditree-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 QTET structure includes two levels: a first level partiioned according
to guadtres partitioning, and a second level partitioned according to binary tree

the binary trees correspond to Clls,

(8679} In an MTT partitioning structure, blocks may be partitioned using a quadtrce
(T} partttion, a binary tree (BY) partition, and one or raore types of tripie tree (17T}

{also called temary tree (TT)) partitions. A triple or temary tree parfition is a partition
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where a block is split into three sub-blocks. In some examples, a triple or temary tree
partition divides a block into three sab-blocks without dividimg the onginal block
through the center. The partitioning types in MTT ¢e.g., QT, BT, and TT}, may be
symmetrical or asymmetrical.

[G0GRG] When operating according to the AV codec, video encoder 200 and video
decoder 300 may be configured o code video data in blocks. In AV, the largest coding
block that can be processed is called a superblock. In AV, a superblock can be either
128x128 hinoa samples or 64x64 luma samples. However, in successor video coding
formats {e.g., AV 2}, a superblock may be defined by different {¢.g., larger) luma sample
sizes. In some examples, a superblock is the top level of a block guadtree. Video
encoder 200 may further partition a superblock mto smaklier coding blocks. Video
encoder 200 roav partition a superblock and other codimg blocks 1nto smaller blocks
USIZ Square or non-square partitionimg. Non-sguare blocks may include N/2xN,
NxN/Z, N/4xN, and NxN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on cach of the coding blocks.
166811 AV also defines a tile of video data. A tile 15 a rectangular array of superblocks
that may be coded independently of other tifes. That s, 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 boundanes. Ties may be umitorm or non-uniform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder implementations.

[8682] 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 chrominance
components, while 1o other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures, such as one QTRT/MTT structure for the
tuminance component and another QTBT/MTT structure for both chrominance
components (or two QTBT/MTT structures for respective chrominance components),
18683} Video encoder 200 and video decoder 300 may be configured to use guadiree
partitioning, QTBT partitioning, MTT partitioning, superblock partitioning, or other
pariitioning structures,

{0084} In some examples, a CTU mehudes a coding tree block (CTB) of luma samples,
two corresponding CTBs of chroma samples of a picture that has three sample arrays, or

a CTB of samples of a monochrome picture or a picture that 1s coded using three
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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
CTBs is a partitioning. A component is an array or single sample from one of the three
arrays (luma and two chromaj} that compose a picture in 4:2:0, 4:.2:2, or 4:4:4 color
format or the array or a single sarapic of the array that compose a picture in
monochrome format. In some examples, a coding block 1s an MxN block of samples
for some values of M and N such that a division of a CTB into coding blocksisa
partitioning.

18683} 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
particular tile in a picture. A tile may be a rectangular region of CTUs within a
particular tile colunw and a particular tile row 1 a picture. A tile column refers to a
rectangular region of CTUs having a height equal to the height of the picture and a
width specified by syntax elements {e.g.. such as in a picture parameter set). A tile row
refers to a rectangular region of CTUs having a height specified by syntax clements
{c.g., such as in a picture parameter set} and a width equal to the width of the picture.
[6686] In some examples, a tile may be partitioned into multiple bricks, cach of which
may nclude one or more CTU rows within the tile. A tile that is not partitioned into
multiple bricks may also be referred to as a brick. However, a brick that 1s a true subset
of a tile may not be referred to as atile. The bricks i a picture may also be arranged m
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
ncludes etther a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

{8887} This disclosure may use “NxN” and “N by N” interchangeably to refer to the
sample dimensions of a block {such as a CU or other video block) in terms of vertical
and horizontal dimensions, ¢.g., 16x16 samples or 16 by 16 samples. In general, a
16216 CU will have 16 samples in a vertical direction (v = 16} and 16 samplesina
horizontal direction (x = 16). Likewisc, an NxN CU generally has N samples in a
vertical direction and N samples in a horizontal direction, where N represents a
nonnegative integer value, The samples in a CU may be arranged in rows and columns,
Moreover, CUs need not necessarily have the same nember of samples in the horizontal
direction as in the vertical direction. For example, CUs may include NxM samples,

where M 1s not necessanily equal to N,
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16088} Video encoder 200 encodes 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 residaal
information generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

[8389] To predict a CU, video encoder 200 may generally form a prediction block for
the CU through inter-prediction or intra-prediction. Inter-prediction generally refers to
predicting the CU from data of a previously coded picture, whereas intra-prediction
generally refers to predicting the CU from previously coded data of the same picture.
To perform inter-prediction, video encoder 200 may generate the prediction block using
ong or more mation vectors. Video encoder 200 may generally perform a motion search
to identify a reference block that closely matches the CU, e g, n teros of ditferences
between the CU and the reference block. Video encoder 200 may calculate a differgnce
metric using a sum of absolute difference (SAD), sum of squared differences (85D,
mean absolute difference (MAD), mean squared ditferences (MSD), or other such
difference calculations to determine whether a reference block closely matches the
current CU. In some examples, video encoder 200 may predict the current CU using
ani-directional prediction or bi-directional prediction.

6096} Some examples of VVC also provide an affine motion compensation mode,
which may be considered an mter-prediction mode. 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.

(8691} To perform intra-prediction, video encoder 200 may select an mtra-prediction
mode to generate the prediction block. Some examples of VVC provide sixty-seven
intra-prediction mades, including various directional modes, as well as planar mode and
DC mode. In general, video encoder 200 selects an intra-prediction mode that describes
neighboring samples to a current block {¢.g., a block of a CU) from which to predict
samples of the current block. Such samples may generally be above, above and 1o the
left, orto the left of the current block in the same picture as the current block, assuming
video encoder 200 codes CTUs and CUs in raster scan order (left to right, top to
bottom).

16692} Video encoder 200 encodes data representing the prediction mode for a current

block. For example, for mter-prediction modes, video encoder 200 may encode data
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represcuting which of the various available inter-prediction modes 15 used, as well as
motion mformation for the corresponding mode. For uni-directional or bi-directional
mter-prediction, for example, video encoder 200 may encode motion vectors using
advanced motion vector prediction {AMVP) or merge mode. Video encoder 200 may
use sinular modes to encode motion vectors for affine motion compensation mode.
18093] AV includes two general techmgaes for encoding and decoding a coding block
of video data. The two general techniques are intra prediction {e.g., intra frame
prediction or spatial prediction} and inter prediction {c.g., inter frame prediction or
temporal prediction}. In the context 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 based on the difference between
sample valoes in the carrent block and predicted vahies generated from reference
samples 1o the same frame. Video encoder 200 determines predicted values generated
from the reference samples based on the mira prediction mode.

16054} Following prediction, such as intra-prediction or inter-prediction of a block,
video encoder 200 may calculate residual data for the block. The residual data, such as
a residoal block, represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce
transtormed data 1o 3 transform domain mstead of the sample domaim. For exampile,
video encoder 200 may apply a discrete cosing transform (BCT), an nteger transform, a
wavelet transtorm, or a conceptually similar transform o 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 (K1), or the Bike. Video
encoder 200 produces transform coefficients following application of the one or more
transforms.

18695] As noted above, following any transforms to produce transform coetficients,
video encoder 200 may perforro guantization of the transtorm cocfficients.,
Quantization generally refers to a process in which transform coefficients are gquantized
to possibly reduce the amount of data used to represent the transform coefficients,
providing further compression. By perforoung the quantization process, video encoder

200 may reduce the bit depth associated with some or all of the transform coefficients.
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For example, video encoder 200 may round an »-bit value down to an m-bit value
during quantization, where # is greater than . In some examples, to perform
quantization, video encoder 200 may perform a bitwise right-shift of the vahie to be
quantized.

60696} Following quantization, video encoder 200 may scan the transform coctficients,
producing a one-dimensional vector from the two-dimensional matrix including the
quantized transform coefficients. The scan may be designed to place higher energy (and
therefore lower frequency) transform cocfficients at the front of the vector and to place
lower energy {and theretore higher frequency) transform coefficients at the back of the
vector, In some examples, video encoder 200 may utilize a predefined scan order to
scan the quantized transform coefficients to produce a serialized vector, and then
entropy encode the quantized transform coefficients of the vector. n other examples,
video encoder 200 may perform an adaptive scan. After scaming the quantized
transform coefficients to form the one-dimensional vector, video encoder 200 may
cutropy encode the one-dimensional vector, ¢.g., according to context-adaptive binary
arithmetic coding (CABAC). Video encoder 200 may also entropy encode values for
syntax elements describing metadata associated with the encoded video data for use by
video decoder 300 1nn decoding the video data.

{6697} To perform CABAC, video encoder 200 may assign a condext 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.

18698} Video encoder 200 may further generate syniax data, such as block-based syntax
data, picture-based syntax data, and sequence-based syntax data, to video decoder 300,
¢.g., n a picture header, a block header, a slice header, or other syntax data, sach as a
sequence parameter set (SPS), picture parameter set {(PPS), or video parameter set
{(VPS}). Video decoder 300 may hikewise decode such syntax data to determine how to
decode corresponding video data,

186991 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.

{3106} fo 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,
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video decoder 300 may decode values for syntax clements of the bitstream using
CABAC 1 a manner substantially similar to, albeit reciprocal to, the CABAC encoding
process of vides encoder 200. The syntax elements may define partitioning information
for partitioning of a picture wto CTUs, and partitioning of each CTU according to a
corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The syntax elements may forther define prediction and residual information for blocks
{e.g.. CUs} of video data.

16361} The residual information may be represented by, for example, quantized
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.

16102} 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 moay signal values for syotax elements in the bitstream. In
general, signaling refers to generating 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 synfax elements to storage
device 112 for later retrieval by destination device 116.

(8503} Video coding standards include FTU-T H.261, {SO/AEC MPEG-1 Visual, ITU-T
H.262 or ISOAEC MPEG-2 Visual, T'TU-T H.263, ISO/MEC MPEG-4 Visual and TTU-T
H.264 (also known as [SOG/IEC MPEG-4 AVC), ncluding its Scalable Video Coding
(SVC) and Mudti-view Video Coding (MVY) extensions.

13104} In addition, High Efficiency Video Coding (HEVC) or ITU-T H 265, including
its range extension, multiview extension (MV-HBEVC) and scalable extension (SHV(),
has been developed by the Joint Collaboration Team on Video Coding (JCT-VC) as
well as Joint Collaboration Team on 30 Video Coding Extension Development (JCT-
3VY of ITU-T Video Coding Experts Group (VCEG) and [SOAEC Motion Picture
Experts Group (MPEG).
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(6303} The latest HEVC draft specification, and referred to as HEVC WD hereinatier,
13 available from htip:/fphenpomt-

evry fr/jct/doc_end user/documents/14 Vienna/wgl VICTVC-NI003-vLzip.

18106} ITU-T VCEG (0Q6/16) and ISO/IEC MPEG (JTC 1/SC 29/WG 11) are now
studving the poterdial need for standardization of future video coding technology with a
compression capability that significantly exceeds that of the current HEVC standard
(including its current exiensions and near-torm exiensions for screen content coding and
high-dynamic-range coding}. The groups are working together on this exploration
activity in a joint collaboration effort known as the Jomt Video Exploration Team
(JVET) to evaluate compression technology designs proposed by their experts in this
arca. The latest version of reference software, 1.e., VV Test Model 10 {(VITM 10} could
be downloaded froonuhtips://vegit hhi fraumhofer de/ivet/VVUSoftware VIM. The
Versatile Video Coding (VVC) draft specification could be referred to JVET-T2001.
Algorithm description of Versatile Video Coding and Test Model 10 {VIM 10.0) could
be referred to JIVET-T2002,

16107} The following describes mitra template matching. Intra template matching
prediction {Intra TMP) 15 a special intra prediction mode that copics the best prediction
block from the reconstructed part of the current frame, whose = template {¢.g., an L-
shaped teroplate) matches the current template. For a predefined search range, video
encoder 200 searches for the most similar template to the current template ina
reconstructed part of the current frame and uses the corresponding block as a prediction
block. Video encoder 200 then signals the usage of this mode, and the same prediction
operation 18 performed by video decoder 300,

(6108} The prediction signal is generated by maiching the L-shaped causal neighbor of
the carrent block with another block in a predefined scarch area i FIG. 6 consisting of!
BRI current CTU, R2: top-left CTU, B3: above CTU, R4: left CTU. Sum of absolute
differences (SAD) 15 used as a cost function. For instance, FIG. 6 lustrates current
block 600, and R2 dhustrates matching block 602.

18189] Within each region, video decoder 300 searches for the template that has least
SAD with respect to the current one and uses its corresponding block as a prediction
block.

(8818 The dimensions of all regions (SearchRange w, SearchRange h) may be set
proportional to the block dimension {(BIkW, BikH) to have a fixed number of SAD

comparisons per pixel. That s SearchRange w=a * BIkW, and SearchRange h=a*
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BlkH, where “a” is a constant that controls the gaim/complexity trade-off. In some
examples, “a” 1s equal to 3.

[6111] The Intra template matching tool may be enabled for CUs with size less than or
cqual to 64 in width and height. This maximum CU size for Intra tomplate matching is
configurable. The Intra template matching prediction mode is signaled at CU level
through a dedicated flag when DIMD 1s not used for current CU.

164112} The following describes inter-templaie matching. Inter tomplate matching
{(InterT™M) is a decoder-side MV derivation method to refine the motion information of
the current CU by finding the closest match between a template (e, top and/or left
neighboring blocks of the current CU} in the current picture and a block {i.¢., same size
to the template} in a reference picture. For instance, FIG. 7 illustrates current frame or
picture 700, with current CU 702 and templates 704 A and 7048, with reference frame
or picture 706 with dlustrated reference templates. As illustrated in FIG. 7, a better MV
ig searched arcund the tutial motion of the current CU within a [~ 8, +81-pel search
range. The teroplate matching method m IVET-J0021 {entutled Description of SDR,
HDR and 3607 video coding technology proposal by Qualcomm and Technicolor — fow
and high complexity versions, by Chen ot al ) is used with the following modifications:
scarch step size is determined based on AMVYR mode and Inter T™ can be cascaded with
bilateral matching process in merge modes.

[3113] In AMVP mode, an MVP candidate is determined based on template matching
error to select the one which reaches the minimum difference between the current block
template and the reference block template, and then fnterT™™ s performed only for this
pariicular MVP candidate for MV refinement. InterTM refines this MVP candidate,
starting from fall-pel MVYD precision {or 4-pel for 4-pel AMVR mode) within a {8,
+8{-pel search range by using terative diamond search. The AMVP candidate may be
further refined by using cross search with full-pel MV precision (or 4-pel for 4-pel
AMVR mode}, followed sequentially by half-pel and quarter-pel ones depending on
AMVR mode as specified n Table . This scarch process ensures that the MVP
candidate still keeps the same MV precision as mdicated by the AMVYR mode after TM
process. In the scarch process, if the difference between the previous minimum cost and
the current minimum cost in the teration is less than a threshold that is equal to the area
of the block, the search process terminates,

Table 1. Scarch patteros of AMVR and merge mode with AMVR.

SUBSTITUTE SHEET (RULE 26)



WO 2024/216097 PCT/US2024/024358
25

AMVE mode Merge mode
Search | 4-pel | Full-pel | Half-pel | Quarter-pel | AWRIF=0 AltlF=1

pattern

4-pel \%

diamond

4-pel v

CYOss

Full-pel v v v v v

diamond

Full-pel v v v v v

CIOSs

Halfpel v % v v

CIOSs

Quarter- v 1%
pel

CIOSS

1/&-pel y

Cross

(6114} fo merge mode, suunilar search methad 1s applied to the merge candidate
ndicated by the merge index. As Table 1 shows, InterT™ may perform all the way
down to 1/8-pel MVD precision or skipping those bevond haif-pel MVD precision,
depending on whether the alternative interpolation filter (that is used when AMVR i1 of
half-pel mode) 1s used according to merged motion information. [n some examples,
when TM mode is enabled, template matching may work as an mdependent process or
an extra MV refinoment process between block-based and subblock-based bilateral
matching (BM} methods, depending on whether BM can be enabled or not according to
its enabling condition check.

{8115} The following describes adaptive reordering of merge candidates with template
matching (ARMC-TM). The merge candidates arg adaptively reordered with template
matching {TM}. The reordering mcthod is apphed to regular merge mode, T™ merge
mode, and affine merge mode (excluding the SbTMVP candidate}. For the TM merge

mode, merge candidates are reordered before the refinement process.
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16116} An mitial merge candidate Histis constructed according to given checking order,
such as spatial, TMVPs {temporal motion vector predictors), non-adjacent, HMVPs
(history-based motion vector predictors), patrwise, virtual merge candidates. Then the
candidates in the wutial list are divided into several subgroups. For the template
matching (TM) merge mode, adaptive DMVR {decoder-side motion vector refinement)
mode, cach merge candidate in the nitial hist is firstly refined by using TM/multi-pass
DMVR. Merge candidates in each subgroup are reordered to generate a reordered
merge candidate list and the reordering is according to cost values based on template
matching. The index of selected merge candidate i the reordercd merge candidate hist
i3 signaled to the decoder. For simphfication, merge candidates in the last but not the
first subgroup are not reordered. All the zero candidates from the ARMC reordering
process are excluded during the construction of Merge motion vector candidates list.
The subgroup size 18 set to § for regular merge mode and TM merge mode. The
subgroup size is set to 3 for affine merge mode.

{8317} For the cost calculation, the template matching cost ot a merge candidate dunng
the reordering process s measured by the SAD between samples of a templaie of the
current block and their corresponding reference sampies. The template comprises a set
of reconstructed samples neighboring to the current block. Reference samples of the
template are located by the motion information 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. 8. For mnstance,
FIG. 8 dlustrates current picture 800 with current block 802, and template 803 {e.g.,
samples proximate current block 8023, Retference block 804 1¢ in a reference picture in
reference picture hist 1, and reference block is in a reference picture in reference picturg
list . Template 808 includes samples proximate reference block 804, and tempiate 810
includes samples proximate reference block 806,

[8118] For refinement of the initial merge candidate list, when nulti-pass DMVR 18
used to denve the refined motion to the imitial merge candidate st only the first pass
(ie., PU level) of mulii-pass DMVR may be applied in reordering. When template
matching 1s used to denive the refined motion, the tomplate size may be st equalto 1.
Only the above or lefl template may be used during the motion refinement of T™M when
the block 1s flat with block width greater than 2 times of height or narrow with height

greater than 2 times of width, TM 1s extended to perform 1/16-pel MVD precision. The
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first four merge candidates may be reordered with the refined motion in TM merge
mode.
{8819} For subblock-based merge candidates with subblock size equal to Wsab x Hsub,
the template of FIG. 8 comprises several sub-templates with the size of Wsub x 1, and
the left teroplate comprises several sub-templates with the size of 1 X Hsub. As shown
i FiG. 9, the motion information of the subblocks 1 the first row and the first coluymn
of current block is used to derive the reference samples of each sub-template. Fiz. ©
uses the same reference numerals as FIG. 8 forease.
[8128] For reorderning, 1n the reordering process, a candidate may be considered as
redundant if the cost difference between a candidate and its predecessor is infertor to a
lambda value eg. [D1-D2| <3, where D1 and B2 arc the costs obtained during the first
ARMC ordering and A ts the Lagrangian parameter used in the RD criterion at encoder
side.
18121} The following algorithm describes example of reordering:
a. Determine the munimum cost difference between a candidate and its
predecessor among all candidates i the hist
i If the mintmum cost difference s supernior or equal to A, the list 1s
considered diverse enough and the reordering stops.
1. If thes muumum cost difference 1s mnfenor to 4, the candidate is
considered as redundant and it 18 moved at a further position m
the list. This further position is the first position where the
candidate is diverse enough compared to 18 predecessor.
b. The algorithm stops after a finute number of iterations (f the mimimum
cost difference 1s not inferior o A}
18122} This algornithm may be applied to the Regular, TM, BM and Affine merge
modes. A stmtlar algorithm may be applied to the Merge MMV and sign MVD
prediction methods which also use ARMC for the reordering.
18123} The value of & 15 set equal to the & of the rate distortion criterion used to select
the best merge candidate at the encoder side (¢.g.. by video encoder 200) for low delay
contiguration and to the value A corresponding to a ancther QP for Random Access
configuration. A set of' & values corresponding to each signaled QF offset 15 provided in
the SPS (sequence parameter set) or in the Slice Header for the QP offsets which are not

present inthe SPS,
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6124} For extension to AMVP modes, the ARMUC desizgn is also applicable to the
AMVP mode wherein the AMVP candidates are reordered according to the T™ cost.
For the template matching for advanced motion vector prediction (TM-AMVYP) mode,
an initial AMVP candidate list is constructed, followed by a refinement from T™ to
construct a refined AMVP candidate list. In addition, an MVP candidate with a TM
cost larger than a threshold, which is equal to five times of the cost of the first MVP
candidate, may be skipped. When wrap around motion compensation 1s enabled, the
MY candidate may be chipped with wrap around offset taken into consideration.

18125} The following describes geometnic partitioming mode (GPM) with template
matching (TM). Template matching may be applied to GPM. When GPM mode 15
enabled fora CU, a CU-level flag is signaled to mndicate whether T™ is applied to both
geometric partitions. Motion information for cach geometric partition is retined using
TM. When TM is chosen, a template 1s constructed using left, above or left and above
neighboring samples according to partition angle, as shown in Table 2 10 FIG. 12, The
motion is then refined by minimizing the difference between the current template and
the template m the reference picture using the same search paticrn of merge mode with
half-pel interpolation filter disabled.

[8826] A GPM candidate list is constructed as follows. Intedeaved List-0 MV
candidates and List-1 MV candidates are derived directly from the regular merge
candidate hist, where List-0 MV candidates are lugher priority than List-1 MV
candidates. A pruning method with an adaptive threshold based on the current CU size
ig applied to remove redundant MV candidates.

18127} Interleaved List-1 MV candidates and List-0 MV candidates are further derived
directly from the regular merge candidate list, where List-1 MV candidates are higher
priority than List-0 MV candidates. The same pruning method with the adaptive
threshold 1s also applied to remove redundant MV candidates. In some examples, zero
MYV candidates are padded until the GPM candidate Hist 1s full.

8128} The GPM-MMVD and GPM-TM may be exchusively enabled to one GPM CUL
This is done by firstly signaling the GPM-MMVD syatax. When both two GPM-
MMV control flags are cqual to false (e, the GPM-MMVD are disabled for two
GPM partitions), the GPM-TM flag i1s signaled to mdicate whether the template
matching is applied to the two GPM partitions. Otherwise (af least one GPM-MMVE
flag 1s equal to truc), the value of the GPM-TM flag is inferred to be false.
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8129} The following describes mntra~block copy (IBC) with template matching.
Template Matching 15 used m IBC for both IBC merge mode and IBC AMVP mode.
[8138] 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 o the regular TM merge mode. The ending
zerg 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 current CU.

18131} 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 a TM-merge flag is signaled.

[8132] o the IBC-TM AMVYP 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 1n the motion estimation process as usual.

[6133] The Template Matching refinement for both IBC-TM merge and AMVP modes
i3 quite simple since IBC motion vectors are constrained (3) to be integer and (i1} within
a reference region as shown 1n FIGS. 10A-10D that respectively itlustrate current block
100CA-1000D. In IBC-TM merge mode, all refinements are performed at integer
precision, and m IBC-TM AMVP mode, they are performed either at mteger or 4-pel
precision depending on the AMVR value. Such a refinement accesses only to samples
without interpolation. In both cases, the refined motion vectors and the used template in
cach refinement step must respect the constraing of the reference region.

(8134} In accordance with one or more examples described in this disclosurg, to
improve the coding efficiency of template matching, instead of using only one pattem
and process of teroplate in TM, template matching techmigues may use different
template type, store more candidates and apply fusion to combine these different
candidates which are found by the different methods.

18135} In the following, for ease of description, if not otherwise stated, the use of the
term “TM” can refer to the Intra template maiching, inder template matching, adaptive
reordering of merge candidates with template matching {ARMC-TM), IBC template
matching, or teraplate matching for geometric partitioning mode (GPM). The disclosed

methods can be used alone or in any combimation.
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16136} The following describes examples of fusion of multiple candidates. As one
example, the predictor could be generated from a combination of k candidates, the k 1s
larger than 1. The k candidates can be selected {¢.g., arbitranily) from the available
candidate lists of different tcmplate patterns or same patiern.

(3137} fn somc examples, the predictor could be generated from a combination of k
candidates. In one example, a lingar combination may be used. The O to k canddates
could be selected from O to N candidates from tomplate matching. The combination can
he formulated as follows:

(W0 Po ey b Wi* Py oy ok Wik Pre ()}

P' oY &~
oy (Wo + wyt++wg)

where Po .. Py are the selected k candidates derived from TM process

[6138] In some examples, the combining weight wi may be derived based on the
template matching cost. In one example, it can be the multiplicative inverse of the
template matching cost of this candidate k. As another example, the weights are derived
bascd on the SAD, MSE, or block vector (BV).

[8139] In some examples, the candidates used 1 combination can be selected based on
the SAD, MSE or block vector (BY) of available candidates. In some examples, there
are nultiple modes of combmation that can be sclected and signaled, and a fusion list is
constructed 1o mdicate the candidates of fusion for the current block.

(8148} In some examples, the number of combination candidates is decided by
comparing the cost of the available candidates, if the cost of a candidate is simular to the
first fusion candidate, the candidate can be added to the combination. For example,
there are 3 available candidates A, B and C, if costs < costa * Th, candidate B can be
added to the combination with A, and costc <cosia * Th, candidate C will not be added
to the combination.

{8141} In some examples, i the current block uses TM, there is another flag to indicate
that whether fusion is applied or not. It fusion 1s used, another flag is signaled to
indicate the index of the fusion list.

(8142} In some examples, i the current block uses TM, there s another flag to indicate
that whether fusion is applied or not. If fusion is used, another flag is signaled to

indicate which model of the fusion weighting derivation 18 used.
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16143} In some examples, i the current block uses TM, there is another flag to indicate
that whether fusion 1s applied or not. It fusion 1s not used, the mformation of the pattemn
tvpe and pattern index may be signaled.

(8844} In some examples, the combining weight {wil are derived by MSE
guntization. In the training phase, the templates of those selected candidates and the
template of the current are used to derive the weights by MSE mimimization. In the
fusion phase, the derived weights are used in the lincar combination.

6143} In some cxamples, a flag 1s signaled to indicate whether the weights derved by
the MSE mimimization are used 1o the hinear combination. In some examples, a flag s
signaled to indicate whether the weights denved by the MSE mimnnzation or the
weights denived by the T™ costs are used in the linear combination.

[8146] In some examples, a flag 1s signaled to imndicate whether the weights derived by
the MSE munimization, the weights derived by the TM costs, or other pre-defined
weights are used in the linear combination.

16147} In some examples, whether the weights denved by the MSE minimization are
used in the linear combination 1s implicitly denved based on the index of the sclected
TM candidate. In some exampies, whether the weights derived by the MSE
mintmization are used in the linear combination is implicitly dertved based on the size,
width, or length of the coding block. In some examples, whether the weights dernved by
the MSE mmnmmization are used in the linear combination is wmplicitly derived based on
the size, width, or length of the template. In some examples, whether the weights
derived by the MSE minimization are used in the linear combination is implicitly
derived base on the number of candidates to be fused.

[6148] In some examples, a flag is signaled to mdicate the weight dertvation method
and another flag is signalled to mdicate the group of candidates to be fused. In some
examples, a flag 1s signaled to indicate whether the weights is derived by the TM costs
or the MSE nunimization. Another flag i1s further signalled to indicate which group of
candidates are selected in the fusion.

183149} For padding, when the pixel of tomplate is out of shice/pioture/tile/CTU
boundary or uncoded/uncompressed vet, the pixel can be padded by other pixel. In
some examples, the pixel is padded by the above pixel value. In some examples, the
pixel is padded by the left pixel value. In some examples, the pixel is padded by the left

pixel first. If the letfi pixel is also out of boundary or uncoded, it 1s then padded by its

SUBSTITUTE SHEET (RULE 26)



WO 2024/216097 PCT/US2024/024358
32

above pixel value. In some examples, the pixel is padded by the above pixel first, [fthe
above pixel 1s also out of boundary or uncoded, it 1s then padded by its left pixel value.
(8188} In some examples, when the pixel of predictor pointed by TM is out of
stice/picture/tide/CTU boundary or uncoded/uncompressed vet, the pixel can be padded
by other pixel In some examples, the pixel is padded by the above pixel value. In
some examples, the pixel 1s padded by the left pixel value. In some examples, the pixel
is padded by the left pixel first. i the left pixel is also out of boundary or uncoded, it is
then padded by its above pixel value. In some examples, the pixel is padded by the
above pixel first. If the above pixel 1s also out of boundary or uncoded, it is then padded
by its left pixel valus.

{6151} For filtering, a filter is applied on the reference frame/pixels before TM. The
filter roav be an NxM filter, such as a 3x3 filter, cxamples of which are shown 1o FIGS.
11A and 11B. The example 3x3 filter may be low-pass filters, but the technigues are
not so limited. Wheo applving a 3x3 filter to pixels, video encoder 200 and video
decader 300 may center the filter on cach pixel within the pixels, and multiply the value
of the filter with the corresponding pixel values in the neighborhood (e.g., around the
center of the 3<3 filter). Video encoder 200 and video decoder 300 may sum the result
of the multiphication to produce the filiered output value for that pixel.

[8152] In some examples, a flag is signaled to mdicate whether the filter 1s applied or
not. In some examples, the predictor 1s also filtered. In some examples, the filter is
applied on the template(s). In some examples, the filter is applied on both the reference
frame/pixels and the template(s).

(8183} For example, FIG. 7 illustrates current CU 702 (1.2, current block 702) that
mcludes current template {¢.g., above 704A and left 704B). FIG. 7 also illustrates
reference templates. In one or more examples, video encoder 200 and video decoder
300 may determine a current teraplaie for a current block 702 based on pixels (e.g.,
samples) that neighbor the current block 702 (e.g., as illastrated m FIG. 7).

#1584} Video encoder 200 and video decoder 300 may also determine respective
reference templates for each of a plurality of blocks. For instance, in FIG. 7, the
iustrated reference template 18 a reference template for a block. That 1s, the illustrated
reference template, in FIG. 7, meludes pixels (e.g., samples} that neighbor a block.
Video encoder 200 and video decoder 300 may simularly determine respective reforence

templates for a plurality of blocks (e.g., within the search range).
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{8183} In one or more exampies, video encoder 200 and video decoder 300 may filier at
least one of the current template or the respective refercnce femplates to generate at
least one of a filtered current template or respective filiered reference templates. For
example, video encoder 200 and video decoder 300 may determine a filtered current
template by applving the example flters of FIGS. 11A or 118 1o the current template
{e.g., above 704A and left 704B}. Video encoder 200 and video decoder 300 may
determine respective filiered refercnce templates by applyving the example filiers of
FIGS. 1A or 1B to the respective filtered reference templates.

16136} In one or more examples, video encoder 200 and video decoder 300 may apply
the example filters of FIGS. 11A or 118 to the current template of the current block 762
and not to the respective reforence templates, to the respective reference templates and
not to the current template, or 1o both the current template and the respective reference
templates. Furthermore, the example filter of FIGS. 11A and 11B are two examples,
and should not be considered imiting. Also, i may be possible to apply different filters
1o the current teroplate and the reference teraplates.

181871 Video encoder 200 and video decoder 300 may determine respective template
matching costs for each of the plurality of blocks based on one of! the filtered current
template and the respective reference templates, the current tomplate and the respective
filtered reference templates, or the filtered current template and the respective filtered
reference tempiates. For example, to determine the respective template maiching costs,
video encoder 200 and video decoder 300 may determine a sum of absolute difference
{SAD) value or mean squared crror (MSE) vahue between cach pixel in the filtered
current template and each corresponding pixel in the respective reforence templates. As
another example, to deternune the respective template matching costs, video encoder
200 and video decoder 300 may deteroune a SAD value or MSE value between each
pixel in the current template and each corresponding pixel in the respective filtered
reference templates. As another example, to determine the respective template matching
costs, video encoder 200 and video decoder 300 may determine a SAD valoe or MSE
value between cach pixcl in the filtered current teruplate and cach corresponding pixel
in the respective filicred reference templates.

18188} Video encoder 200 and video decoder 300 may encode or decode, as applicable,
the carrent block based on the respective template matching costs. As one example,
there may be various coding technigues that use template matching, such as intra-

template matching, inter-template matching, adaptive reordenng of merge candidates
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with templatec matching (ARMC-TM), mira-block copy (IBC) template matching, or
template matching for geometric partitioning mode {(GPM). Video encoder 200 and
video decoder 300 may encode or decode the current block using one of these video
coding techniques, where video encoder 200 and video decoder 300 determine the
template matching costs tor these video coding techniques using the example techniques
described in this disclosure.

1159} For TM weighting, the weighting of TM cost for cach pixel in the torplate is
focation dependent. In some examples, the weighting factor for cach pixel is depended
on the distance between the pixel in the template and the above-left pixel in current
block. In some examples, the weighting factor for each pixel is depended on the
horizontal/vertical distance between the pixel in the tomplate and the above-left pixel in
current block. In some examples, the weighting factor for cach pixel is depended on the
(shortest) distance between the pixel 1o the template and the boundary of the current
block.

{6168} In some examples, a flag 1s signalled to mdicate whether 1s the weighting-based
TM cost or non-weighting-based TM cost is used. In some examples, the weighting
factor for cach pixel is depended on the location of the pixel. In some examples, the
size of template is signaled in the bitstream. 1o some examples. a flag s signaled to
indicate the size of template.

[B#161] For position-dependent fusion, the weightings used in the fusion are depended
on the position of a pixel {x, v} in the block. For instance, as described above, i fusion,
video encoder 200 and video decoder 300 may determine a plurality of blocks (e.g.,
candidate blocks) that are used for fusing. There may be various ways m which to
determine the plurality of blocks. As one example, video encoder 260 and video
decoder 300 may compare a current template based on pixels that neighbor the corrent
block to respective reference templates that neighbor respective blocks of a group of
blocks. That s, video encoder 200 and video decoder 300 may determine template
matching costs as described above. Video encoder 200 and video decoder 300 may
determining the plurality of blocks for fusing, from the group of blocks, based on the
comparison. For example, video encoder 200 and video decoder 300 may select N
blocks {e.g.. N candidate blocks) from the group of blocks having the lowest template
matching cost.

6162} fo somc examples, video eucoder 200 and video decoder 300 may perform

filtering as described above to perform the comparison (e g., determination of template
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matching costs). For mnstance, video encoder 200 and video decoder 300 may filter at
least one of the current template or the respective refercnce femplates to generate at
least one of a filtered current template or respective filiered reference templates. To
compare, video encoder 200 and video decoder 300 may one of compare the filtered
current template to the respoctive reference templates, compare the current teraplate to
the respective filtered reference templates, or compare the filtered carrent template to
the respective filtered reference templates.

18163} The above describes example techniques to determine the plurality of blocks that
are used for fusing. However, there may be other ways in which to determine the
plurality of blocks that are used for fusing, such as predefined or signaling techniques.
(8164 Video encoder 200 and video decoder 300 may fuse corresponding pixels from
cach of the plurality of blocks (e.g., fuse top-left pixel of cach block, fuse pixel nextio
top-ieft pixel of cach block, and so forth). The result of the fusing may be a prediction
signal.

18163} Video encoder 200 may determine residual values indicative of a difference
between the current block and the prediction signal, and signal, in a bitstream,
mformation indicative of the resideal values. Video decoder 300 may deternuine, based
on miormation signaled in a bustream, residual vahies indicative of a difference
between the current block and the prediction signal, and add the residual values to the
prediction signal to reconstruct the current block.

18166] To fuse the pixels of the different blocks, video encoder 200 and video decoder
300 may perform a weighted average. fn some techniques, cach of the blocks used for
fusing may be assigned a respective weight value, and video encoder 200 and video
decoder 300 may perform the weighted averaging based on the respective weight value,

18167} However, assigning a constant weight value for alf pixels in the blocks used for

prediction signal is approximating the carrent block, the smaller the residual values
between the prediction signal and the curvent block, resulting in lower signaling
overhead for the residual values. In accordance with one or more examples described m
this disclosure, rather than having a fixed weight value for all pixels 1o a block used for
fusing, video encoder 200 and video decoder 300 may determing a respective weight for
pixels in a first block of the plurality of blocks based on a respective position of pixels
in the first block. In some examples, cach of the blocks may be assigned a candidate

value, and video encoder 200 and video decoder 300 mayv determine a respective weight

SUBSTITUTE SHEET (RULE 26)



WO 2024/216097 PCT/US2024/024358
36

for pixcels in the first block based on a respective position of pixels in the first block and
the candidate value.

(8168} Video encoder 200 and video decoder 300 may similarly determine a respective
weight for pixels in other blocks of the plurality of blocks used for fusing. However, in
somg exaraples, for the other blocks, video encoder 200 and video decoder 300 may sct
a same weight for each pixel (1., assign a weight to the block that is the same for all
pixels). Accordingly, the example techniques of determining weights of pixels based on
pixel location used for fusing may be applied to one block used for fusing, a subset of
blocks used for fusing, or all bocks used for fusing.

(8169} For mnstance, video encoder 200 and video decoder 300 may determing a
respective first weight for two or more pixels of a first block of the plurality of blocks
{c.z., used for fusing) based on a respective position of the two or more pixcls of the
first block. For example, a respective first weight for a first pixel of the first block and a
respective first weight for a second pixel of the first block is different. As an cxample, a
weight assigned to the top-left pixel of the first block and a weight assigned to the pixel
right of the top-left pixel of the first block may be different because the positions of the
top-left pixel and the pixel right of the top-left pixel 1s different.

{8178} Video encoder 200 and video decoder 300 mayv determine a respective second
weight for two or more pixels of a second block of the plurality of blocks. In some
examples, fo deternyine the respective second weight, video encoder 200 and video
decoder 300 may determine the respective sccond weight for the two or more pixels of
the second block of the plurality of blocks based on a respective position of the two or
more pixels of the second block. In this example, similar to above, a respective weight
fortwo pixels in the second block may be different because the two pixels have
different positions. In some examples, to determine the respective second weight, video
eneoder 200 and video decoder 300 may set the respective second weight for all of the
two or more pixels of the second block 1o be the same. In this example, the weight
applied to gach of the pixels in the second block may be constant, and the second block
may be considered as having an assigned weight,

10171} Video encoder 200 and video decoder 300 may fuse the two or more pixels of
the first block and the two or more pixels of the second block based on the respective
first weight for the two or more pixels of the first block and the respective second
weight for the two or more pixels of the second block to gencrate a prediction signal.

For imnstance, video encoder 200 and video decoder 300 may multiply the respective
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weights tor pixels m the first block with the pixel values of the pixels m the fust block,
multiply the respective weights for pixels in the second block with the pixel values of
the pixels m the second block, and divide the result by fwo to generate the fused value
for those pixels that form the prediction signal. There may be other ways in which to
perform the fusing. Furthermore, there may be more than two blocks, and the above
example of using two blocks 1s provided for ilustration purposes only.

18172} Video encoder 200 and video decoder 300 may encode or decode, as applicable,
the current block based on the prediction signal. As described above, video encoder 200
may signal information of residual values indicative ot a difference between the
prediction signal and the current block. Video decoder 300 may add the residual values
to the prediction signal to reconstruct the current block.

(6173} The following describes example ways i which video encoder 200 and video
decoder 300 may determing the respective weights for the blocks used for fusing (also
called candidates or candidate blocks). The example techniques should not be
considered limited to following examples.

[8174] In some examples, if there are N candidates (1.e., N blocks) for fusing, for each
pixel with position (x, v}, candidate O to 1 will have higher weight when the < 1s larger
than v, candidate i+1 to N will bave higher weight when v is larger than x. For
example, the respective position of the two or more pixels of the first block {¢c.g., one of
the N blocks) 1s defined by a respective x-coordinate and a respective y-coordinate.
[8175] Assume that a candidate value for the first block is less than or equal to *4.7
That ig, the first block 15 one of candidate 0 to 1 In this example, the weight for a pixel
at posttion (10, 23 in the first block may be greater than the weight for a pixel at position
(2. 1) 1n the first block.

18876} In ancther example, assume that a candidate value for the first block is greater
than 1.7 That 15, the first block is one of candidate 1+1 1o N. In this example, the
weight for a pixel at position (2, 10} n the first block may be greater than the weight for
a pixel at position (10, 2} n the first block.

18177} In this manner, to determine the respective weight for the two or morg pixnels of
the furst block, video encoder 200 and video decoder 300 may deternune the respective
firat weight for the two or more pixels of the first block based on the respective position
of the two or more pixels of the first block and a candidate value of the first block. For

instance, both the (x, v) coordinate {¢.g., whether x is greater than v or vice-versa) and
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the candidate value {e.g., s the first block candidate 0 to 1 or candidate 1+1 1o N may
define the respective weight for two or more pisels of the first block.

(8178} In some examples, the value 1 hag a range that 0 <=1 <N. In some examples, if
there are N candidates {e.g., N blocks} for fusing, for cach pixel with position {x, v},
candidate O to 1 will have higher weight when x is Jarger than v, candidate 1+1 to  will
have lmigher weight when v 18 larger than x, candidate 3+1 o N will ase a fixed weight
for every pixel. In some examples, the value 1, § have a range that 0 <=1, j <N,

16179} In thus example, if the first block bhas a candidate value less than “1,” then video
encoder 200 and video decoder 300 may determine a respective first weight for two or
more pixels of a first block of the plurality of blocks based on a respective position of
the two or more pixels of the first block. If a second block has a candidate valuc less
than *,” then video encoder 200 and video decoder 300 may determuine a respective
second weight for two or more pixels of the second block of the plurality of blocks
based on a respective position of the two or more pixels of the second block.

16188} However, if the second block has a candidate value greater than . then video
encoder 200 and video decoder 300 may determine a respective second weight for two
or more pixels of the second block of the plurality of blocks such that the respective
second weight is the same. That 1s, video encoder 260 and video decoder 300 may set
the respective second weight for all of the two or more pixels of the second block to be
the same.

{8181} In some examples, if there are two candidates (e.g.. two blocks) are used for
using, for cach pixel with position {x. v}, candidate 0 will have higher weight when x is
larger than v, candidate 1 will have higher weight when v 18 larger than x. In some
examples, if there are two candidates going to fuse, for cach pixel with position {x, v},
the weight of candidate 0 will multiply a ratio of (x / block width} to derive anew
weight for candidate 0, the weight of candidate 1 will multiply a ratic of (v /

block height) to derive a new weight for candidate 1.

[€4182] That is, in some examples, video encoder 200 and video decoder 300 may assign
a third weight to a first block of the plurality of blocks that are going 1o be used for
fusing. As above, the respective position of the two or more pixels of the fust block
mcludes a respective x-coordinate and a respective y-coordinate. To determmne the
respective first weight for the two or more pixels of the first block, video encoder 200
and video decoder 300 may be configured to deternune a thurd weight for the first block,

and determine a value based on: the x-coordinate and a width of the first block, or the y-
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coordinate and a height of the first block. Video encoder 200 and video decoder 300
may determine the respective first weight based on the value and the third weight.
(8183} As one example, to determiune the value, video encoder 200 and video decoder
300 may multiply a ratio of the x-coordinate to the width of the first block with the third
weight, As another example, to deternune the value, video encoder 200 and video
decoder 300 may multiply a ratio of the y-coordinate to the height of the first block with
the third weight.

13184} In some exampiles, 1f there are two candidates going to tfuse, for cach pixel with
position (X, v}, candidate 0 (e.g., first block) will have higher weight when x 18 larger
than v, candidate | {o.g., second block) will use a fixed weight for every pixel (e.g., the
respective second weight for all of the two or more pixels of the second black is the
same}. In some examples, i there are two candidates going to fuse, for cach pixel with
posttion {x, v}, candidate 0 (c.g., first block} will have higher weight when v is larger
than %, candidate 1 {c.g., second block) will use a fixed weight for cvery pixel {c.g., the
respective second weight for all of the two or more pixels of the second block 15 the
same).

{8185} In some examples, there 15 a flag to ndicate that whether the position-dependent
fusion 1s applied or not. For example, video encoder 200 may signal and video decoder
300 may parse a flag ndicating that position-dependent fusion 18 applied. In such
examples, video encoder 200 and video decoder 300 may perform the fusing techmigues
described in this disclosure in a condition where the flag mdicates that position-
dependent fusion is apphied.

18186} As described above, for fusion, there are a plurality of blocks that are fused
together. There may be various ways in which to select a group of blocks that should be
fused together. For mstance, the above described using template matching fechnigues i
determine the group of blocks that should be fused together. However, m accordance
with one or more example fechnigues deseribed n this disclosure, there may be various
other techniques to select the group of blocks that should be used for fusing.

18187} As described in more detail, in accordance with one or more examples described
in this disclosure, video decoder 300 may be configured to perform a decoder side
probing scheme to select the group of blocks used for fusing. For mstance, in some
cases, when IntraTMP fusion mode is enabled, a syntax of weights derivation method

{which could be bascd on the template matching cost or based on MSE {mean-squared-
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crror) nuntmization) and an index of the fusion candidates is signalled to mdicate which
fusion candidate 15 used.

{6188} In this disclosure, a fusion candidate refers to a group of blocks. That is, a first
fusion candidate may include a first group of blacks (-4, a second fusion candidate may
include a second group of blocks 5-9, and a third fusion candidate may jnclude a third
group of blocks 1014, This i1s one example, and there may be more or fower than three
groups, and cach group may include more or fower than five blocks. For case of
description, the following examples are described with respect to three groups of blocks
(i.¢., three fusion candidates). Moreover, there may be two different ways determine the
weights applied to the blocks used for fusing (& g., template matching cost or MSE).
(8889 The fusion candidate (o .g.. different groups of blocks) may be arranged in a
fusion candidate hist, also called list of groups of blocks or list of candidate modes. For
mstance, the list of groups of blocks {e.g., fusion candidate list} may include the first
group (c.g., first fusion candidate), the second group {e.g.. second fusion candidate}, and
the third group {¢.z., third fusion candidate). Video cucoder 200 may sigoal and video
decoder 300 may receive a syntax element {(e.g., mtra_tmp_fusion_idx) that wdentifics a
location in the list of groups of blocks, from which video decoder 300 may select which
group of blocks to use for fusing. Also, video encoder 200 may signal and video
decoder 300 may receive a syntax clement (¢ .g., intra_tmp_fusion_weight type) that
ndicates the manner which to determine the weights applied to the blocks of the
selected group of biocks.

18190} However, this disclosure further recognizes that the fusion candidate {c.g., group
of blocks} may instead be inferred {e.g., selected based on mferring rather than
signabing}, or fusion candidates may be reordered 1 the fusion candidate hst, according
to previcusly decoded data {¢.g., the list of groups of blocks may be reordered so that
more likely groups of blocks are identificd in the list of groups of blocks at lower index
values). Therefore, per the technigues of this disclosure, video encoder 200 and video
decoder 300 may avoid signaling the weight denvation method and/or index of the
fusion candidate, which may thereby decrease bitrate of a corresponding bitstream.
16191} For cxample, o avoid the signalling of the syntax and candidate mdex
mentioned above, and to improve the coding efficiency of template matching, a decoder
side mode decision method may be used by video decoder 300, In this proposed
decoder side mode decision method, both video encoder 200 and video decoder 300

may perform a probing scheme io select a best candidate or a best mode. That is, video
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cucader 200 and video decoder 30 may perform the probing scheme to seloct the best
group of blocks from a plurality of groups of blocks. Additionally or altematively, this
probing scheme may also be also applied to sort a candidate list {e.g., order the hist of
groups of blocks, also called fusion candidate list or list of candidate modes).

(8192} The various techngues of this disclosure may be applied to a variety of different
template matching contexts and techniques. For example, these techniques may be
applied to intra template matching, inter template matching, adaptive reordering of
merge candidates with teroplate matching (ARMC-TM)}, or [BC teraplate matching.
These technigues may be used alone or i any combination.

(8893} FIG. 13 is a conceptual diagram tHhustrating an example reference sample
template and an example probe sample template according to technigques of this
disclosure. In one cxample, the probing scheme discussed above may include probing
pixels from a template to calculate the distortion or cost between the template of a
reference block and the template of current coding block. The distortion or cost can be
derived as the sum of absolute differences {SAD) or the sum of squares crror (SSE)
between the pixels in the template of a reference block and the pixels n the template of
the carrent coding block. The distortion or cost can also be derived as the difference
between a neighboring arca of the reference block and a neighboring arca of the current
coding block.

[31984] In general, video encoder 200 and video decoder 300 may select a group of
blocks based on probing samples determined from pixels that are proximate to blocks
the group of blocks and current probing samples determined from pixels that are
proximate to the current block. The following describes examples in which fusing of
probing sample determined from pixels that are proximate to blocks in the group of
blocks is used. However, the example techniques are not so houted. That is, fusing of
the probing samples for the blocks 1n the group of blocks is not necessary m all
examples, and the example technigues may be applicable where such fusing 19 not
performed.

183195} In some examples, as shown in FIG. 13, pixels adjacent to a reforence block
1306 are used as probing samples. That s, probing samples 1302 adjacent to reference
block 1300 are used as the probe samples template.

(8896} For oxample, as described above, each of the fusion candidates (c.g.. group of
blocks) ncludes a plurality of blocks. Oune of the plurality of blocks, within a group of

blocks, 1s reference block 1300, In some examples, video encoder 200 and video
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decoder 300 may cach detcomine pixels that are proximate to reference block 1300 to
determine probing samples. In the example of FIG. 13, probing samples 1302 are the
same as the pixels proximate to reference block 1300, but the techniques are not so
limited, and filtering of pixels, such as using fiiters 1A or 11B, may be used to
generate the probing samples 1302

8197} Video encoder 200 and video decoder 300 may determine probing samples,
similar to probing samples 1302 of reference block 1300, for other blocks m a group of
blocks. Video encoder 200 and video decoder 300 may fusce {¢.g., weighted average or
some other technique} the respective probing sampiles of the group of blocks to generate
fused probing samples. Video encoder 200 and video decoder 300 may repeat these
operations for other groups of blocks.

[8198] For example, video encoder 200 and video decoder 300 may determine first
reference probing samples for respective blocks (e.g., reference blocks like reference
block 1300) m a first group of blocks, and fuse the first reference probing samples to
generate first fused probing samples. Video encoder 200 and video decoder 300 may
determine second reference probing samples for respective blocks (e.g., reference
blocks like reference block 13003 in a second group of blocks, and fuse the second
reference probing samples to generate second fused probing samples.

[8199] Although FIG. 13 illustrates reference block 1300 and reference probing samples
1302, video encoder 200 and video decoder 300 may similarly deteomine probing
samples for a carrent block. For example, video encoder 200 and video decoder 300
may determine current probing samples for the current block based on pixels that are
approximate to the current block.

(8208} In FIG. 13, the probing samples determined from the pixels that are proxamate to
the Mocks i the group of blocks include probing samples determined from pixels that
are imunediately adjacent to the blocks in the group of blocks. As an example, the
pixels that are immediately adjacent to the blocks in the group of blocks melude a first
line of pixels having a y-coordinate that is one less than a y-coordmate of a top line of
the group of blocks, or (e.g., and/or) a second hine of pixels having a x-coordinate that is
one less than a x-coordinate of a left column of the group of blocks. For example, as
ithustrated in FIG. 13, probing samples 1302 are determined from pixels that are
immediately above reference biock 1300 and from pixels that are immediately to the left

of reference block 1300
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16201} Detormuung probing samples from pixels that are immediately above orleft of a
block 1s one example. As described in more detail, in some examples, the probing
samples may be determined from pixels further away or based on pixels immediately
adjacent and further away from a reference block.

6202} fo one or more exaraples, video encoder 200 and video decoder 300 may
compare the current probing samples to the respective fused probing samples of each
group of blocks {e.g., of cach fusion candidate i the fusion candidate list) to generate
respective comparison values. One example way to perform the comparison is to
determine respective SAD or SSE values. For nstance, video encoder 200 and video
decoder 300 may compare the current probing samples to the first fused probing
samples to generate a first comparison value, and compare the current probing samples
to the second fused probing samples to generate a second comparison value.

18203} Video encoder 200 and video decoder 300 may select a group of blocks {g.g.,
select a fusion candidaie) based on at least the first comparison value and the second
comparison value. For example, video encoder 200 and video decoder 300 may sclect
the first group of blocks based on the first comparison value being less than the second
comparison value, That 1s, video encoder 200 and video decoder 300 may select the
group of blocks having the lowest comparison value {e.g., indicating that fused probing
samples of the selected group of blocks is most approximate to the probing samples of
the current block).

18204] As another example, video encoder 200 and video decoder 300 may order a hst
of groups of blocks (e g., order the fusion candidate list or order the list of candidate
modes}. For example, video encoder 200 and video decoder 300 may 1dentify the first
group of blocks at a lower index value, in the hist of groups of blocks, than the second
group of blocks based on the first comparison value being less than the second
companison value, Video decoder 300 may select the group of blocks, used for fusing,
based on the bist of groups of blocks, such as by receiving an index value that identifies
the group of blocks that is to be used for fusing.

18265} In some examples, the reforence samples are used to derive weights for each
fusion candidate, and the probing samples are used to select a best fusion candidate
among a fusion candidate hist. That is, the way i which to determine the weights that
are applied to each of the blocks in a group of blocks for purposes of fusing may be

)

based on the reference samples, such as those iliustrated in FIG. 13, However, 1o the
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select the group of blocks fe.g., best fusion candidate), video encoder 200 and video
decoder 300 may use the probing samples.

[8206] In some examples, the probing samples are excluded from the reference samples.
In some examples, the reference samples contain part of the probing samples or all of
the probing samples.

18287} In some examples, the probing scheme is applied to sort/reorder the fusion
candidate list. After that, a value for a syntax clement s signaled into the bitstream o
indicate the index of the final selected candidate from the reordeved fusion candidate
fist.

[8208] For example, video encoder 200 and video decoder 300 may have an mutial hst
of groups of blocks {e.g., iitial fusion candidate hist). This itial list of groups of
blocks may be predefined or mayv be geocerated using sinular techuigues by video
encoder 200 and video decoder 300 (e.g., based on template matching}. Video encoder
200 and video decoder 300 may generate respective fused probing samples for each of
the groups of blocks (e .g., first fused probing samples for a first group of blocks, second
fused probing samples for a second group of blocks, and so forth). Video encoder 200
and video decoder 300 may determine respective companison vahues based on a
comparison {.2., using SAD or S8E} of the current probing samples and cach of the
respective fused probing samaples. Video encoder 200 and video decoder 300 may
reorder the mmitial list of groups of blocks based on the respective comparison values
{e.g.. groups of blocks having fused probing sampiles that are simitlar to current probing
samples are assigned smaller mdex values in the hist of groups of blocks, and groups of
blocks having fusing probing samples that are less simuilar to the current probing
samples are assigned larger index values in the list of groups of blocks).

(8209} In some examples, the fusion candidate list may contain any or all of the
following fusion candidates: the fusion candidate using template matching cost o denve
the fusion weights, the fusion candidate using MSE mimmization to derive the fusion
welghts, the fusion candidate nclading the location information in the filtering process,
the fusion candidate inchuding the spatial pixel in the filtering process, or the fusion
candidate tmeluding the gradient which is derived from current pixel, and/or spatial
pixel{s) in the filiering process.

18218} In some examples, the fusion candidate fuses N candidates within one coding
mode {ox; two BVs in intraTMP, two MVs i Merge, ...} In some examples, N

candidates may be fused across coding modes {ex: M BV modes from intraTMP, and N-
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M BY modes from intralBC). In some case, some candidates for fusion may come from
neighboring block information (BVs, MVs, et} or temporal block information (BVs,
MVs, ete )

18211} In some examples, when constracting the fusion candidate list to process the
probing scheme, some conditions may be checked for each or some of the fusion
candidates. If these conditions are not satisfied for a candidate, the candidate may be
removed from the fusion candidate list and not present in the probing scheme.

16212} In some examples, if the ratio of the minimum template cost among all block
vector (BV) candidates for the current block and the mininnum template cost among all
the BY candidates i the fusion candidate 1s larger than a threshold, the fusion candidate
may be removed from the fusion candidate list.

(8213} In some examples, the location information contains at least one of the
following: the horizontal position, the vertical position, the horizontal position times the
vertical position. In some examples, the location is relative to the upper-left position of
current coding block. fu some examples, the location 1s related to the upper-left
position of the template.

(8214} FIG. 14 is a conceptual diagram tHhustrating an example of a spatial pixel relative
to a current pixel. In some examples, the location information discussed above may
indicate a spatial pixel and at least one of the following: left (W), nght (E), above (N},
or below (8) the spatial pixel, as shown in FIG. 14,

168215} For example, FIG. 14 illustrates samples 1400A-1400F. In one or more
examples, when fusing probing sarmaples from different groups of blocks, video encoder
2860 and video decoder 300 may fuse together corresponding pixels in cach of the
groups of blocks identified by “C” 1n samples 1400A-1400F, and further fuse together
corresponding pixels mn cach of the groups of blocks {inchiding pixels that may
neighbor the groups of blocks) identified by gray shadimg in samples 1400A-1400F . Tn
some examples, video encoder 200 and video decoder 300 may utilize simular
techniques as part of the fusing of the blocks 1n the selected group of blocks.

18216} Various technigues may be used to signal data for a probing scheme. In some
cxamples, the candidate bist {e.g., list of groups of blocks) contains M candidates {M3},
the probing scheme is applied to select a best candidate {¢.g., select best group of
blocks) based on the cost or distortion derived from the probing samples without

sending any candidate index juto the bitstream. For example, cost or distortion may be
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based on the fused probing samples for cach of the groups of blocks and the probing
sample of the current block.

(8217} In some examples, the candidate bist contains M candidates {M}, the probing
scheme 1s applied to sort or reorder the candidate list based on the cost or distortion
derived from the probing sample. For imstance, video encoder 200 and video decoder
300 may reorder based on comparison between fused probing samples and probing
samples of current block, Video encoder 200 selects a final candidate and signals the
candidate index from the reordering candidate hist to the bitstream. Video decoder 300
may therefore determine the candidate from the candidate mdex.

(6218} In some examples, the candidate bist contains M candidates {M}, the probing
scheme is applied to sclect a best candidate based on the cost or distortion derived from
the probing samples. Video encoder 200 first signals a flag to indicate whether the best
candidate selected by the probing scheme is determined as the final candidate; if the
best candidate selected by the probing scheme 1s not chosen as the final candidate, video
encader 200 further signals the candidate index from the candidate hist as the final
candidate. Thus, video decoder 300 may determine a value of the first flag and, using
the value for the first flag, determine whether the best candidate 1s the final candidate.
If so, video decoder 300 may use the best candidate. Utherwise, video decoder 300 may
determine that the candidate index value will be signaled, so video decoder 300 may
decode the candidate index and use the candidate indicated by the candidate mdex.
18218} In some examples, the candidate hist contains M candidates {M}, the probing
scheme is applied to select a best candidate based on the cost or distortion derived from
the probing samples. Video encoder 200 may first signal a flag to indicate whether the
best candidate selected by the probing scheme is determined as the final candidate; f
the best candidate selected by the probing scheme is not chosen as the final candidate,
video encoder 200 may further signal the candidate index from the updated candidate
tist, which excludes the candidate selected by the probing scheme as the final candidate.
Thus, video decoder 300 may determine a value of the first flag and, using the value for
the first flag, detenmine whether the best candidaie is the final candidate. If so, video
decoder 300 may use the best candidate. Otherwise, video decoder 300 may determine
that the candidate index value will be signaled, so video decoder 300 may decode the
candidate index and use the candidate mdicated by the candidate index, although the set

of remaining candidate mdexes excludes an jndex for the best candidate.
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16228} In some examples, the candidate hist contains M + N candidates {M-+N}, the
probing scheme is applied to select a best candidate from {M-+N} based on the cost or
distortion derived from the probing samples. Video encoder 200 first signals a flag to
indicate whether the best candidate selected by the probing scheme is determined as the
final candidate; if the best candidate sclected by the probing scheme is not chosen as the
final candidate, video encoder 200 further signals the candidate index from the
candidate list {M} as the final candidate. Thus, video decoder 300 may determing a
value of the fust flag and, using the value for the first flag, deterraine whether the best
candidate 1s the final candidate. If so, video decoder 300 may use the best candidate.
Otherwise, video decoder 300 may detenmine that the candidate index value will be
signaled, so video decoder 300 may decode the candidate index and use the candidate
indicated by the candidate index corresponding to one of the M candidates.

{8221} Furthermore, when the best candidate selected by the probing scheme belongs to
the candidate set {M}, video encoder 200 may first signal a flag to indicate whether the
hest candidate selected by the probing scheme 15 determined as the final candidate; if
the best candidate selected by the probing scheme 1s not chosen as the final candidate,
the encoder further signals the candidate index from the vpdated candidate list {M}
which excludes the candidate selected by the probing scheme and replace 1t by another
candidate 1 the candidate set {N} as the final candidate.

[8222] In some examples, the updated candidate hist {M} excluding the candidate
selected by the probing scheme that replaces it by the best candidate in the candidate sct
{N} with the minimal cost derived using probing samples.

16223} In some examples, the updated candidate bist {M} contains the Znd best, 3rd
best, ..., (M+1} best candidates according to the probing cost. Video encoder 200 first
signals a flag to mdicate whether the best candidate selected by the probing scheme is
determined as the final candidate; if the best candidate selected by the probing scheme
is not chosen as the final candidate, video encoder 200 further signals the candidate
index from the updated candidate list {M}"

18224} In some examples, video encoder 200 may signal a flag into the biistroam to
indicate whether the proposed probing scheme is applied.

18225} In some examples, when the best candidate selected by the probing scheme
belongs to the candidate set {M}, video encoder 260 first signals a flag to indicate
whether the best candidate selected by the probing scheme is deternined as the final

candidate; if the best candidate sclecied by the probimg scheme is not chosen as the final
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candidate, video encoder 200 furher signals the candidate index from a pre-defined
candidate list.
(8226} Once the candidate is derived from the Hst, the fusion method for this candidate
is decided by tomplate cost, which means that the fusion method is applied on the
template to get the fused template, then the template cost for cach fusion method is
calculated. The final fasion method which has the mimmum template cost is then
selected. That is, as described above, the fusion method may be applied to the reference
template and the reference template includes the probing samples. Therefore, as
deseribed above, video encoder 200 and video decoder 300 may perform fusing on
probing samples of the groups of blocks 1o generate respective fused probing samples
that are compared to current probing samples to select the group of blocks that are used
for fusing,
18227} FIG. 15 18 a conceptual diagram iHustrating an example reference sample
emplate and an example multi-lined probe sample template according to techniques of
this disclosure. In some examples, a probing scheme contains more than one probing
line. Video encoder 200 may signal a flag to indicate which probing line is used to
calculate the probing cost.
18228} In some examples, as shown in FIG. 15, pixels that are not immediately adjacent
to a reference block 1500 arc used as probing samples. That s, 10 addition to using
probing samples 1502 that are determined from immediately adjacent pixels to reference
block 1500, video encoder 200 and video decoder 300 may determine probing samples
1504 based on pixels that are not immediately adjacent to reference block 1360
18228} For example, as described above, each of the fusion candidates {e.g., group of
blocks} includes a plurality of blocks. One of the plurality of blocks, within a group of
blocks, 15 reference block 1360, In some examples, video encoder 200 and video
decoder 300 mav cach determine pixels that are proximate to reference block 1300 1o
determine probing samples. In the example of FIG. 13, probing samples 1502 are the
same as the pixels proximate to reference block 1500, but the technigoes are not so
fimited. and filiering of pixels, such as using filters 11A or 11B, may be used to
generate the probing samples 1502, Probing samples 1504 are the same as the pixels
proximate but further away from reference block 1500, but the technigues are not so
limited, and filtering of pixels, such as using fiiters 11A or 118, may be used to

generate the probing samples 1504
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similar to probing samples 1302 and 1504 of reference block 1500, for other blocks in a
group of blocks. Video encoder 200 and video decoder 300 may fuse (e.g., weighted
average or some other technique) the respective probing samples of the group of blocks
to generate fused probing samples. Video encoder 200 and video decoder 300 may
repeat these operations for other groups of blocks.

18231} For example, video encoder 200 and video decoder 300 may determine first
reference probing samples for respective blacks (¢ g., reference blacks like reference
block 1500) m a first group of biocks, and fuse the first reference probing samples to
generate first fused probing samples. Video encoder 200 and video decoder 300 may
determine second reference probing samples for respective blocks {e.g., reference
blocks like reference block 15300) in a second group of blocks, and fuse the second
reference probing samples to generate second fused probing samples.

19232} Although FIG. 15 dlustrates reference block 1500 and reference probing samples
1502 and 1504, video encoder 200 and video decoder 300 maay stmilarly determine
probing samples for a current block. For example, video encoder 200 and video
decoder 300 may determine current probing samples for the current block based on
pixels that are approximate to the current block.

(8233} In FIG. 15, the probing samples deternuned from the pixels that are proximate to
the blocks in the group of blocks include probing samples determined from pixels that
are not immediately adjacent to the blocks in the group of blocks. For example, in FIG.
15, for probing samples 1504, the pixels that are not immediately adjacent to the blocks
in the group of blocks mnclude a first line of pixels having a y-coordinate that is two or
more less than a v-coordinate of a top line of the group of blocks {e.g., maltiple hines
above reference block 1500}, or (c.g., and/or} a second hine of pixcls having a <
coardinate that 1s two or more less than a x-coordinate of a left colunmm of the group of
blocks {e.g., multiple columns left of reference block 1500},

18234} In some examples, when a probing line is selected, the pixels in the probing line
are excluded from the reference samples template. In some examples, the proposed
probing scheme contains the 2™ and the 4™ line in the template as the probing line.
Video encoder 200 may signal a flag to indicate which probing line 1s used, as shown

Fi 15
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10235} In some examples, the proposed probing scheme contains 3 and 4™ line m the
template as the probing line. Video encoder 200 may signal a flag to indicate which
probing line is used.

18236} fo some examples, the proposed probing scheme contains an above probing line
and a left probing line. Video encoder 200 may signal a flag to mdicate whether the
above or left probing hine 15 used to calculate the probing cost. In some examples, video
encoder 200 may signal a flag into the bitstreams to indicate whether the techniques
related to multiple probing lines are applied.

(82371 In some examples, weights n a tusion filter are modified by adding a delia value
{the delta value could be a positive or a negative value}, the probing scheme 15 applied
to calculate the cost after weights adjustment. if the probing cost after weights
adjustment 1s loss than the probing cost without weights adjustment, the weights i the
fusion filter are updated by the weights after adjustment.

16238} in some examples, the probing scheme tests different delta value from -D o +D
on g first coefficient n the fusion filter and select the best coctficient with mimum
probing cost. In some examples, ifthe weighis are denved using the template matching
cost, when a delta value is added on a first coefficient, one of remaining coefficient s
subtracted by the delta value. In some examples, if the weights are derived by MSE
mintoization, when a delta value is added on a first coefficient, the hias terni s
subtracted by {delta * pixel value) or {delta ¥ value / {(the maxamum value/2}).

18239} In the example above, the pixel value may be the mean value of the teroplate, the
value of a predefined pixel in the template, or a predefined value such as the maximum
value divided by 2. In some examples, atter the best coefficient 1s deternuned, the
probing scheme further test different delia value from -D7 to ++I¥ on a second
coefficient and the sclect a best second coefficient having the minimum probing cost. In
somg exaraples, a flag is signaled into the bitstream to indicate whether the proposed
weights adjustment is apphied.

[8240] FIG. 16 18 a conceptual diagram iHustrating an example of detenmining a group
of blocks for fusion. FIG. 16 illustrates group 1600 that includes blocks 1602 A-1602N,
group 1606 that melades blocks 1608A—1608N, and group 1612 that meludes blocks
1614A-1614N. There may be more or fewer groups than groups 1600, 1606, and 1612,
and there may be more or fewer blocks 1n each group, and each group may include

different or same number of biocks.
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18241} Video encoder 200 and video decoder 300 may determine probing samples
1604A-1604N from pixels that proximate to blocks 1602A-1602N in group 1600

Video encoder 200 and video decoder 300 may determine probing samples 1610A~

'''''

from pixels that proximate to blocks 1614A-1614N 1n group 1612.

18242} For example, for each of groups, the probing samples determined from the pixels
that are proximate to the blocks m the group of blocks include probing samples
determined from pixels that are immediately adjacent to the blocks in the group of
blocks. As an example, the pixels that are immediately adjacent to the blocks m the
group of blocks comprises a first line of pixels having a v-coordinate that is onc less
than a y-coordinate of a top line of the group of blocks, or (¢, and/or) a second line of
pixels having a x-coordinate that is one less than a x-coordinate of a left cohumn of the
group of blocks.

16243} As another example, the probing samples determined fror the pixels that are
proximate to the blocks in the group of blocks nclude probing samples determined from
pixels that are not immediately adjacent to the blocks 1n the grouwp of blocks. For
instance, the pixels that are not immediatelv adjacent to the blocks in the group of
blocks jnchude a first line of pixels having a v-coordinate that 18 two or more less than a
v-coordinale of a top ling of the group of blocks, or {e.g., and/or} a second bine of pixels
having a x-coordinate that is two or more less than a x-coordinate of a left column of the
group of blocks.

18244} Video encoder 200 and video decoder 300 may fuse probing samples 1604A—
1604N {(¢.g., weighted average or some other techuniques) to generate first fused probing
samples 1618, Simiarly, video encoder 200 and video decoder 300 may fuse probing
samples 1610A-1610N (¢ g., weighted average or some other techmigues) to generaie
second fused probing samples 1620, and fuse probing samples 1616A-1616N (e.g.,
welghted average or some other techniques) to generate third fused probing samples
1622,

[0243}) As illustrated 1n FIG. 16, video encoder 200 and video decoder 360 may
detcrmine probing samples 1626 for current block 1624 form pixels proximate to
current block 1624, Video encoder 200 and video decoder 300 may compare the corrent
probing samples 1626 to the first fused probing samples 16138 to gevnerate a first

comparison value (e.g., using SAD or S5E), compare the current probing samples 1626
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1o the second fused probing samples 1620 to gonerate a second comparison value, and
compare the current probmg samples 1626 to the third fused probing samples 1622,
(8246} Video encoder 200 and video decoder 300 may select a group of blocks based on
at feast the first companison valug, the second comparson value, and the third
comparison value. For example, video encoder 200 and video decoder 300 may
determine which one of the first, second, or third comparison values is the least, and
select the group of blocks corresponding to the least comparison value of the first,
second, or third comparison value.

182471 As another example, video encoder 200 and video decoder 300 may order the
bist of groups of blocks based on the first, second, or third companson values. For
instance, video encoder 200 and video decoder 300 may include the group of blocks
from group 1600, group 1606, and group 1612 corresponding to the least comparison
value in index 0 of the list of groups of pixels. Video encoder 200 and video decoder
300 may include the group of blocks from group 1600, group 1606, and group 1612
corresponding to the next least comparison value n index 1 of the list of groups of
pixels. For instance, video encoder 200 and video decoder 300 may include the group
of blocks from group 1600, group 1606, and group 1612 corresponding to the highest
comparison value in index 2 of the list of groups of pixels.

[6248] The fusing of probing samples 1604A-1604N, 1610A-1610N, and 1616A-
1616N 1s provided for illustration purposes. Such fusing may not be necessary n all
examples, and there may be other ways in which to select which group of blocks 1s used
for fusing. For mstance, each one of probing samples 1604A~106N may be compared
with probing samples 1626 of current block 1624, and the aggregate of the comparisons
{c.g., SAD value) may be stored as the comparison value for group 1606, Video
eneoder 200 and video decoder 300 may perform similar technigues for probing
samples 1610A-1610N and probing samples 1616A-1616N, and determine respective
comparison values for group 1606 and group 1612, Based on the comparison values,
video encoder 200 and video decoder 300 may select a group of blocks that are used for
fusing.

[6249] FIG. 17 is a conceptual diagram illustrating an example set of pixels that may be
multiplicd by a weighting factor according to techniques of this disclosure. In some
examples, during the template matching cost calculation, the weights are derived based
on the pixel or line position in the template. In some examples, the cost of the Ime

which is adjacent to the current block and smilarly adjacent to the reference block 1700
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is multiphied by a weighting factor N. That 15, to determine probing samples 1702, the
pixels adjacent to reference block 1700 may be multiplied by N. The value Nmavbe a
power of 2 namber, a non-negative integer valoe, or M/N, where N is a power of 2
oumber. As an example shown in FIG. 17, the cost of the above and left lines (shaded
using honzontal and vertical hashing) 1s nwidtiplied by N.

[8250] In some examples, the weighting factor for each line may be denved according
to the distance between the line and the boundary of the current block,

(6281} FIG. 18 is a conceptual diagram 1Hustrating another example set of pixels that
may be multiphied by a weighting factor according to techniques of this disclosure. In
some examples, as shown m FIG. 18, the costs of the pixels shaded using vertical
hashing are multiplied by the weighting factor. For mstance, Fi(r. 18 illustrates
reference block 1800, and to determine probing samples 1802, video cucader 200 and
video decoder 300 may multiply pixels shaded using vertical hashing by a weighting
factor.

6282} In some examples, the cost of the line which is selected as the probing line is
multiplicd by a weighting factor N during the template matching searching. In some
examples, only the cost of the above line adjacent to the current coding block is
mudtiplicd by the weighting factor. In some cxamples. only the cost of the left line
adjacent to the current coding block is multiplied by the weighting factor. fn some
examples, a fivst flag is signaled into the bitstream to indicate whether this proposed
cost weighting method s used.

18253} In some examples, a second flag is signaled into the bitstream to ndicate the
cost of which line is multiplied by the weightmg factor. In some examples, the
weighting factor s signaled into the bitstream.

[8254] FHG 2 15 a block diagram dustrating an example video encoder 200 that may
perform the technigues of this disclosure. FIG. 2 is provided for purposes of
explanation and should not be considered himiting of the technigues as broadly
exemplified and described in thus disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the techmigues of VYV and HEVC.
However, the techmiques of this disclosure 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 AV video coding format.

[8255] 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,
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quantization unit 208, mverse quantization wt 210, joverse transform processing unit
212, reconstruction unit 214, filter umit 216, decoded picture buffer (BPB) 218, and
entropy encoding unit 220. Any or all of video data memory 230, mode selection unit
202, residual gencration unit 204, transform processing unit 206, guantization unit 208,
nverse quantization unit 210, joverse transform processing unit 212, reconstruction unit
214, filter unit 216, DPB 2138, and entropy encoding enit 220 may be implemented in
OIS OF IOTE PrOCESSOrs Of in processing circuitry. For imstance, the units of video
cucader 200 may be mmplemented as one or more circulis or logic clerments as part of
hardware circuitry, or as part of a processor, ASIC, or FPGA. Moreover, video encoder
200 may include additional or alternative processors or processing circuitry to perform
these and other functions.

6256} 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 in prediction of
subseguent 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 synchronous DRAM (SBRAM), magnetoresistive RAM
{(MRAM), resistive RAM (RRAM), or other types of memory devices., Video data
memory 230 and DPB 218 may be provided by the same memory device or separate
memory devices. In various examples, video data memory 230 may be on-chip with
other components of video encoder 200, as illustrated, or off-chip relative to those
components.

(8257} In this disclosure, reference to video data memory 230 should not be interpreted
as being limited to memory internal to video encoder 200, unless specifically described
as such, or memory extemal to video encoder 200, unless specifically described as such.
Rather, reference to video data memory 230 should be understood as reference memory
that stores video data that video encoder 200 receives for encoding {e.g., video data for
a current block that 13 1o be encoded). Memory 106 of FIG. | may also provide
temporary storage of outputs from the various units of video encoder 200,

16288 The various units of FIG. 2 are llustrated to assist with understanding the
operations performed by video encoder 260, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof, Fixed-function

circuits refer to circuits that provide particular functionality, and are presct on the
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operations that can be performed. Programmable cireuits refer to circuits that can be
programmed to perform varnous tasks, and provide flexible functionality m the
operations that can be performed. For imstance, 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
somge 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.

18259 Video encoder 200 may include arithmetic logic units {ALUs), clementary
function unuts {(EFUs), digital circuits, analog circuits, and/or progranmmable 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., object code) of the software that
video encoder 200 receives and executes, or another memory within video encoder 200
{not shown} may store such msiructions.

18268 Video data memory 230 1s configured to store received video data. Video
eneoder 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.
18261} 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
mchide additional functional units to perform video prediction in accordance with other
prediction modes. As examples, mode selection unit 202 may include a palette unit, an
ntra-block copy untt (which may be part of motion cstimation vnit 222 aond/or motion
compensation unit 224), an affine unit, a lingar mode! (LM) unit, or the hike.

[8262] Mode selection unit 202 generally coordinates multiple encodimg passes to test
combinations of encoding parameters and resulting rate-distortion values for such
combmations. The encoding parameters may include partitioning of CFUs wdo CUs,
prediction modes for the CUs, transform types for residual data of the CUs, guantization
parameters for residual data of the CUs, and so on. Mode sclection unit 202 may
ultimately select the combination of encoding parameters having rate-distortion values

that are better than the other tested combinations,
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16263} Video encoder 200 may partition a picture retrieved fror video data memory
230 mto a series of CTUs, and encapsulate one or more UTUs within a slice. Mode
selection unit 202 may partition a CTU of the picture in accordance with a tree
structure, such as the MTT structure, QTBT structure. superblock structure, or the quad-
tree stracture descrnibed above. As descrbed 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.”

16264} In general, mode selection unit 202 also controls the components thercof {c.g.,
moiion estimation unit 222, motion compensation unit 224, and intra-prediction unit
2263 to generate a prediction block for a current block (e g, a current CU, or in HEV(,
the overlapping portion of a PU and a TU). For umier-prediction of a current block,
motion estimation unit 222 may perform a motion search to identify one or more closely
matching reference blocks i one or more reference pictures (e.g., one or more
previously coded pictures stored m BPB 218). In particular, motion estimation unit 222
may calculate a value representative of how similar a potential reference block 1s to the
current block, e.g., according to sum of absolute ditference (SAD), sum of square
differences (35D), mean absolute difference (MAD)}, mean squared differences (MSD},
or the fike. Mation estimation unit 222 may generally perform these calculations using
sample-by-sarople differences between the current block and the reference block beng
considered. Motion estimation unit 222 may identify a reference block having a lowest
value resulting from these calculations, indicating a reference block that most closely
matches the current biock.

18263] Motion estimation unit 222 may form one or more motion vectors {(MVs) that
defines the positions of the reference blocks in the reference pictures relative to the
position of the current block in a current picture. Motion estimation unit 222 may then
provide the motion vectors to motion compensation wit 224, For example, for wn-
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation unit 222 may
provide two motion vectors. Motion compensation unit 224 may then generate a
prediction block using the raotion vectors. For example, motion compensation untt 224
may retrieve data of the reference block using the motion vector. As another example,
if the motion vector has fractional sample precision, motion compensation unit 224 may
interpolate values for the prediction block according to one or more mterpolation filters.

Moreover, for bi-directional inter-prediction, motion compensation unit 224 may
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retrieve data for two reference blocks identified by respective motion vectors and
combine the retnieved data, ¢.g., through sample-by-sample averaging or weighte
averaging.

[8266] 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 {¢.g., both lama and chroma coding blocks} using transiational motion
compensation, atfine motion compensation, overlapped block motion compensation
(OBMUO), and/or compound inter-intra prediction.

182671 As another example, for mtra-prediction, or intra~-prediction coding, mira~
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 neighboring samples and populate these
calculated values m the defined direction across the current block to produce the
prediction block. As another example, for DC made, intra-prediction unit 226 may
calculate an average of the neighboring samples to the current block and geverate the
prediction block to mclude this resulting average for each sample of the prediction
block.

[8268] When operating according to the AV video coding format, intra-prediction unit
226 may be configured to encode coding blocks of video data {c.g., both hurea and
chroma coding blocks} using directional intra prediction, non-directional inira
prediction, recursive filter intra prediction, chroma-from-lama (CFL) prediction, mtra
block copy (IBC}, and/or color paletic mode. Mode sclection unit 202 may include
additional functional units to perform video prediction m accordance with other
prediction modes.

[8269] Mode selection unit 202 provides the prediction block o residual generation unit
204, Residual generation unit 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 caleulates 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. Tn some examples, residual gencration unit
204 may also determune differences between sample values in the residual block to
generate a residual block using residual differential pulse code modulation (RDPCM).
In some examples, residual generation unit 204 may be formed using one or more

subtractor circuits that perform binary subtraction.
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[6276] In examples where mode selection untt 202 partitions CUs into PUs, each PU
may be associated with a tuma prediction unit and corresponding chroma prediction
umis. Video encoder 200 and video decoder 300 may support PUs having various sizes,
Ag wndicated above, the size of a CU may refer to the size of the luma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PUL
Assuming that the size of a particalar CU 1s 2N<IZN, video encoder 200 may support PU
sizes of 2Nx2N or NxN for intra prediction, and symumetric PU sizes of 2Nx2ZN, ZNxN,
NxZN, NxN, or similar for infer prediction. Video encoder 200 and video decoder 300
may also support asymmetric partitioning for PU sizes of 2NxnU, 2N, nlx2N, and
nRxZN for mter prediciion.

(8271} In examples where mode selection unit 202 dogs 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 to the size of the luma coding
block of the CU. The video encoder 200 and video decoder 300 may support CU sizes
of 2Nx2N, ZNxN, or NxZN.

18272} For other video coding technigues such as an mira-block copv mode coding, an
affine-mode coding, and linear model (LM) mode coding, as some examples, mode
selection unit 202, via respective units associated with the coding techniques, gencrates
a prediction block tor the current block being encoded. In some examples, such as
palette mode coding, mode selection unit 202 may not generate a prediction block, and
mstead generate syntax elements that indicate the manner in which to reconstract the
block based on a selected paletie. 1n such modes, mode selection unit 202 may provide
these syntax elements (o entropy encoding unit 220 to be encode

(8273} 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 residual block for the current block. To generate the residual block, residual
generation uni 204 calculates sample-by-sample differences between the prediction
block and the current block.

16274} Transform processing vuit 206 applics one or more transforms to the residual
block to generate a block of transform cocfficients (referred to herein as a “transform
coefficient block™). Transtorm processing unit 206 may apply varions transforms to a
residual block to form the transform coefficient block. For example, transform
processing unit 206 may apply a discrete cosine transtorm (DCT), a directional

transform, a Karhunen-Loeve transform (KLT), or a conceptually similar transtform to a
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residual block. In some examples, transform processing unit 206 may perform multiple
transforms 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.

{6275} When operating according to AV 1, transform processing unit 206 may apply one
or more transforms to the residual block to generate a block of transform cosfficients
{referred to herein as a “transform coefficient block™. Transform processing unit 206
may apply various transforms to a residual block to form the transform cocfficient
block. For example, transform processing anit 206 may apply a horizontal/vertical
transform combination that may mchude a discrete cosine transform {(BCT), an
asymmetnc discrete sine transform (ADST), a flipped ADST {e.g., an ADST in reverse
order), and an identity transform (ADTX). When using an identity transform, the
transform is skipped in one of the vertical or horizontal divections. In some examples,
transform processing may be skipped.

18276} Quantization unit 208 may guantize the transform coefficients m a transform
coefficient block, to produce a guantized transform coetficient block. Quantization unit
208 may guantize trapsform coefficients of a transform cocflicient block according to a
quantization parameter {(3P) value associated with the current block. Video encoder
200 {¢.g., via mode selection unit 202) may adjust the degree of quantization applied to
the transform cocfhicient blocks associated with the current block by adjusting the QP
value associated with the CU. Quantization may introduce loss of information, and
thus, quantized transform coefficients may have lower precision than the original
transform coeflicients produced by transform processing unit 206,

18277} Inverse quantization unit 210 and mverse transform processing wnit 212 may
apply inverse quangization and inverse transforms o a quantized transform coefficient
black, respectively, to reconstruct a residual block from the transform coctficicnt block.
Reconstruction unit 214 may produce a reconstructed block corresponding to the current
block {albeit potentially with some degree of distortion) based on the reconstructed
residual block and a prediction block generated by mode selection unit 202, For
exaraple, 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 reconstructad block,

{6278} Filter unit 216 may perforra one or more filter operations on reconstructed

blocks. For example, filter unit 216 may perform deblocking operations to reduce
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blockiness artifacts along edges of CUs. Operations of filter unit 216 may be skipped,
in some examples.

(62791 When operating according to AV 1, filter unit 216 may perform one or more
filter operations on reconstructed blocks. For example, filter wiut 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 apphied after deblocking, and may include the application of
non-separable, non-lnear, low-pass directional filters based on estimated edge
directions. Filter unit 216 may also inchude a loop restoration filter, whuch 1s applied
after CDEF, and may include a separable symmetric nomalized Wiener filter or 3 dual
self-guided filter.

[8286] 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 unit 222 and motion compensation unit 224 may retrieve a
reference picture from DPB 218, formed from the reconstructed (and potentially
filtered} blocks, to mter-predict blocks of subsequently encoded pictures. In addition,
intra~prediction unit 226 may use reconstructed blocks i DPB 218 of a current picture
to ntra~-predict other blocks n the current picture.

{8281} In gencral, entropy encoding umt 220 may entropy encode syntax elements
received from other functional components of video encoder 200, For example, entropy
cncodimg unit 220 may entropy encode quantized transtorm coefficient blocks from
quantization unit 208, As another example, entropy encoding unit 220 may entropy
cneode prediction svntax clements {e.g.. motion information for inter-prediction or
intra~mode information for ntra~prediction) from mode selection unit 202, Entropy
encoding umt 220 may perform one or more entropy encoding operations on the syntax
elements, which are another example of video data, to generate entropy-encoded data.
For example, entropy encoding unit 220 may perform a context-adaptive variable length
coding {CAVLC) operation, a CABAC operation, a vanable-to-variable (V2V} length
coding operation, a synfax-based context-adaptive binary anthmetic coding (SBAC)
operation, a Probability Interval Partitioning Entropy (PIPE) coding operation, an

Exponential-Golomb encoding operation, or ancther tvpe of entropy encoding operation
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on the data. In some examples, endropy encoding unit 220 may operate m bypass made
where svntax elements are not entropy encoded.

(6282} Video encoder 200 may output a bitstream that inchides the entropy encoded
syntax elements needed to reconstruct blocks of a slice or picture. In particular, entropy
eneoding unit 220 may ouiput the bitstream.

18283} In accordance with AV 1, entropy encodmg wut 220 may be configured as a
symbol-fo-symbol adaptive multi-symbol arithmetic coder. A syntax element in AV
includes an alphabet of N clements, and a context {¢.g., probability model) includes a
set of N probabilities. Entropy encoding unit 220 may store the probabiiities as n-bit
{¢.g., 15-bity cumulative distribution functions (CDFs). Entropy encoding umit 220 may
perform recursive scaling, with an update factor based on the alphabet size, to update
the contexts.

18284} The operations described above are described with respect to a block. Such
description should be understood as being operations for a luma coding block and/or
chroma coding blocks. As described above, in some examples, the luma coding block
and chroma coding biocks are huma and chroma components of a CU. In some
examples, the luma coding block and the chroma coding blocks are lima and chroma
components of a PU.

[G285] fn somc examples, operations performed with respect to a tuma coding block
need not be repeated for the chroma coding blocks. Ags one example, operations to
identtfy 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 MV for the luma coding block may be scaled to determine the MV for the chroma
blocks, and the reference picture may be the same. As another example, the mitra-
prediction process may be the same for the lama coding block and the chroma coding
blacks.

[8286] Video encoder 200 represents an example of a device configured to encode
video data including a memory configured to store video data, and one or more
processing units troplemented in circuitry and configured to determine that template
matching is cuabled for a current block, perform at least one of fusion of multiple
candidates, padding, filtlering, weighting, or posthon~dependent fusion as part of
template matching, and encode the current block based on template matching.

{6287} FIG. 3 1s a block diagram illustrating an cxample video decoder 300 that may

perform the techniques of this disclosure. FIG. 3 is provided for purposes of
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explanation and is not luniting on the techniques as broadly exemplified and described
in this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the technigues of VYV and HEVC. However, the technigues of this
disclosure may be performed by video coding devices that are configured to other video
coding standards.

18288} In the example of FIG. 3, video decoder 300 includes coded picture buffer
(CPB) memory 320, entropy decoding unit 302, prediction processing unif 304, inverse
quantization unit 306, inverse transfomm processing umit 308, reconstruction unit 310,
filter unit 312, and DPB 314, Any or all of CPB memory 320, entropy decoding unit
302, prediction processing unit 304, inverse quantization unit 306, imverse transform
processing amit 308, reconstruction unit 310, fiker unit 312, and DPB 314 may be
tplemented in OBC OT MOTE ProOCessOrs OF in processing circuitry. For tnstance, the
units of video decoder 300 may be implemented as one or more circuits or logic
clements as part of hardware circuitry, or as part of a processor, ASIC, or FPGA.
Maoreover, video decoder 300 may include additional or alicmative processors or
processing circuiiry to perform these and other functions.

(8289} Prediction processing unit 304 includes motion compensation unit 316 and ntra-
prediction unit 318, Prediction processing unit 304 may include additional units to
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may include a paletie umit, an intra-block copy unit (which may
form part of motion compensation unit 316}, an affine unit, a linear model (LM} unit, or
the like. In other examples, video decoder 300 may include more, fower, or different
functional components,

6296 When operating according to AV 1, motion compensation unif 316 may be
configured to decode coding blocks of video data {¢.g., both huna and chroma coding
blocks) using translational motion compensation, affine motion compensation, OBMC,
and/or compound inter-intra prediction, as deseribed above. Intra-prediction unit 318
may be configured to decode coding blocks of video data {¢.g., both luma and chroma
coding blocks) using directional intra prediction, non-directional intra prediction,
recursive filter intra prediction, CFL, IBC, and/or color paletic mode, as described
above.

16291} 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 medium 110 (FIG.
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1}. CPB menory 320 may mnclude a CPB that stores encoded video data {¢.g.. syrdax
clements) from an encoded video bitstream. Also, CPB memory 320 may store video
data other than syntax elements of a coded picture, such as temporary data representing
outputs from the various units of video decoder 30G. DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as refercnce video data when
decoding subscequent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by any of a varniety of memory devices, such as DRAM,
mcluding SDRAM, MEAM, RRAM, or other types of raemory devices. CPB memory
320 and DPB 314 may be provided by the same memory device or separate memory
devices. In various examples, CPE memory 320 may be on-chip with other components
of video decoder 300, or off-chip relative to those components,

(6292} Addinonally or altematively, in some examples, video decoder 300 may retrigve
coded video data from memory 120 (FIG. 1), That s, memory 120 may store data as
discussed above with CPB memory 320, Likewise, memory 120 may store instructions
to be executed by video decoder 300, when some or all of the functionality of video
decoder 300 1s implemented in software to be executed by processing circuitry of video
decoder 300.

18293 The various units shown in FIG 3 are illustrated to assist with understanding the
operations performed by video decoder 360, The units may be mmplemented as fixed-
function circuits, programmable circuits, or a combination thereof, Similarto FIG. 2,
fixed-fanction circuits refer to circuits that provide particelar functionahity, and arg
presct on the operations that can be performed. Programumable circuits refer €0 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 in the manner
defined by instructions of the software or firmware. Fixed-function circuits may
execute sofiware instructions {(e.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally mmmutable. In
some exampes, one or more of the units may be distinct cirauit blocks (fixed-function
or prograromable), and 1o some examples, one or more of the uniis may be integrated
cirewnts.

18294} Video decoder 300 may nclude 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 executing on the
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programmable cireuntis, on~-chip or off-chip memory roay store mstructions {(¢.g., object
code’ of the software that video decoder 300 receives and executes.

18295} Entropy decoding unit 302 may receive encoded video data from the CPB and
entropy decode the video data to reproduce syntax elements. Prediction processing unit
304, inverse quantization unit 306, mverse transform processing unit 308,
reconstruction wnit 310, and filter vnit 312 may generate decoded video data based on
the syntax clements extracted from the bitstream.

16296} In general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconstruction operation on each block individually
{where the block currently being reconstructed, 1.6, decoded, may be referred to as a
“current block™).

6297} Entropy decoding unit 302 may entropy decode syntax elements definng
quantized transform coefficients of a quantized transform coeflicient block, as well as
transform mformation, such as a quantization parameter {QP) and/or transform mode
mdication{s}. Inverse quantization urdt 306 may usc the QP associated with the
gquantized transform coethicient block (o determine a degree of quantization and,
likewise, a degree of inverse quantization for mverse guantization unit 306 to apply.
Inverse quantization untt 306 may, for example, perform a bitwise lefi-shift operation to
mverse quantize the guantized transfornm coefficients. Inverse quantization unit 306
may thereby form a transform cocfficient block ncluding transform coefficients.
[8298] After inverse quantization wit 306 forms the transform coefficient block,
mverse transform processing unit 308 may apply one or more inverse transforms to the
transform coefficient block to generate a residual block associated with the current
block. For example, inverse transform processing unit 308 may apply an mnverse DCT,
an inverse integer transform, an inverse Karhunen-Logve transform (KL'T}, an inverse
rotational transform, an mverse directional transform, or another mverse transform to
the fransform cocticient block.

16299] Furthermore, prediction processing unit 304 generates a prediction block
according to prediction information syntax ¢lements that were entropy decoded by
cutropy decoding unit 302, For exarmple, if the prediction information syntax clements
mdicate that the current block 1s inter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction information syutax clements
may ndicate a refercnce picture 1 DPB 314 from which to retrieve a reference block,

as well as a motion vector wdentifying a location of the reference block in the reference
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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).

{3306} 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 syvotax clemenis. 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,

[8301] Reconstruction unit 310 may reconstruct the current block using the prediction
block and the residual block. For example, reconstruction umit 310 may add samples of
the residual block to comesponding samples of the prediction block to reconstruct the
current block,

163062} Fiter unit 312 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 312 may perform deblocking operations to redace
blockiness artifacts along edges of the reconstructed blocks. Operations of filter unit
312 arc not necessanly performed i all examples.

8383} Video decoder 300 may store the reconstructed blocks in DPB 314, For
mstance, i examples where operations of filter unit 312 are not performed,
reconstruction unit 310 may store reconstructed blocks to DPB 314, In examples where
operations of filter unit 312 are performed, filter umit 312 may store the filtered
reconstructed blocks to BPB 314, As discussed above, DPB 314 may provide reference
information, such as samples of a current picture for ntra-prediction and previously
decoded pictures for subsequent motion compensation, to prediciion processing unit
304, Moreover, video decoder 300 may output decoded pictures {¢.g., decoded video)
from DPB 314 for subsequent presentation on a display device, such as display device
118 of FIG. |

(8304} In this manner, video decoder 300 represents an example of a video decoding
device includmg a memory configured fo store video data, and one or more processing
aniis implemented in circuitry and configured to determine that tomplate matching is

cnabled for a current block, perform at least one of fusion of multiple candidates,
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padding, filtering, weighting, or position-dependent fusion as part of template matching,
and decode the current block based on template matching.

[8305] FIG. 4 15 a flowchart tHustrating an example method for encoding a current
block m 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}, it should be understood that other devices may be configured to perform a
method similar to that of FIG 4.

18306} In this examaple, video encoder 200 inttially predicts the current block (400). For
example, video encoder 200 may form a prediction block for the current block. Video
encoder 200 may then calculate a residual block for the current block (402). To
calculate the residual block, video encoder 200 may calculate a difference between the
oviginal, uneucoded block and the prediction block for the currcnt block. Video encoder
200 may then transform the residual block and quantize transform coefficients of the
residual black (404). Next, video encoder 200 mayv scan the quantized transform
coefficients of the residual block (406). During the scan, or following the scan, video
cneoder 200 may entropy encode the transform coctiicients (408}, For example, video
encoder 200 may encode the transform coefficients using CAVLC or CABAC. Video
encoder 200 may then output the entropy encoded data of the block (410},

16307} F1G. S 1s a tlowchart llustrating an example method for decoding a current
block of video data in accordance with the techmques of this disclosure. The current
block may be or inchude a current CU. Although deseribed with respect to video
decoder 300 {FIGS. 1 and 3). ¢ should be understood that other devices may be
configured to perform a method similar fo that of FIG. 5.

[8308] Video decoder 300 may receive entropy encoded data for the current block, such
as entropy encoded prediction mformation and entropy encoded data for transform
coctlicients of a residual block corresponding to the current block (500}, Video decoder
300 may entropy decode the entropy encoded data to determune prediction information
for the current block and to reproduce transform cosfficients of the residual block (502}
Video decoder 300 may predict the current block {5043, ¢ g., using an undra- or infer-
prediction mode as indicated by the prediction information for the current block, to
calculate a prediction block for the current block. Video decoder 300 may then mnverse
scan the reproduced transform cocfficients (506}, to create a block of quantized
transform cocfficients. Video decoder 300 may then inverse quantize the transform

coctlicients and apply an inverse transform to the transform cocflicients to produce a
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residual block (508). Video decoder 300 may ultimately decode the current block by
combining the prediction block and the residual block (510).

[8309] FIG. 19 i a flowchart Hhustrating an example method of operation. One or more
memories {e.g., memory 106, memory 120, vides data memory 230, decoded pictare
butfer 218, CPB memory 320, DPB 314, or some other memory} may be configured to
store the video data. Processing circuitry of video encoder 260 or video decoder 300
may be coupled to the one or memories,

16316} The processing circuitry of video encoder 200 or video decoder 300 may be
configured to determine, for a current block, a plurality of blocks for fusing (1900}, The
blocks for fusing may also be referred to as candidate blocks each having a candidate
value. There may be various ways in which to determine the plurality of biocks. For
example, the processing circuitry of video encoder 200 or video decoder 300 may
compare a current termplate based on pixels that neighbor the current block to respective
reference templates that neighbor respective blocks of a group of blocks (e g, determine
template matching costs), and deterine the plurality of blocks for fusing, from the
group of blocks, based on the comparison {¢.g., based on the teroplate matching costs).
(6311} As another example, the processing circuitry of video encoder 204 or video
decoder 300 may perforn the probing scheme techniques described above, such ag with
Fi(5. 16 to detenuine the plurality of blocks used for fusing. For example, the
processing circuitry of video encoder 200 or video decoder 300 may determine probing
samples based on pixels that are proximate to the plurahity of blocks, fase the probing
samples to generate fused probing samples, and determining the plurality of blocks,
from among a plurality of groups of blocks, based on the fused probing samples, as
tHlustrated in FIG. 16 and described elsewhere including with respect to FIG. 21,

18312} {o some examples, the processing circuitry of video encoder 200 or video
decoder 300 may fiter at least onc of the current tempiate or the respective reference
templates to gencrate at least one of a filtered current template or respective filtered
reference templates. In such examples, to compare {¢.g., determine template maiching
costs}, the processing circuitry of video encoder 200 or video decoder 300 may be
contigured to one of: comapare the filicred curcent template to the respective reference
templates, compare the current template to the respective filtered reference templates, or
comparc the filicred corrent template to the respective filtered reference templates.
16313} The processing circuitry of video encoder 200 or video decoder 300 may

determine a respective first weight for two or more pixels of a first block of the plurahity
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of blocks based on a respective position of the two or more pixels of the first block
(19G2). For example, a respective first weight for a first pixel of the first block and a
respective first weight for a second pixel of the first block is different. That 15, the
weight for two different pixels in the first block is different, and may be based on therr
respective posifions. In some examples, the processing cirenitry of video encoder 200
or video decoder 300 may determune the respective first weight for the two or more
pixels of the first block based on the respective position of the two or more pixels of the
first block and a candidate value of the first block. The candidate value may indicate
whether the first block is one of the first 0 to 1 candidate blocks, ori1+1 to N candidate
blocks, or whether the first block s candidate § or candidate 1 {e.g., where only two
blocks are used for fusing).

(6314} As one cxample, the respective position of the two or more pixcls of the fitst
block includes a respective x~coordinate and a respective v-coordinate. To determine
the respective first weight. the processing circuitry of video encoder 200 or video
decader 300 may be configured to determine a third weight for the first block (e g, 2
predefined or signaled weight for the first block). The processing circutiry of video
encoder 200 or video decoder 300 may deternuine a value based on the s-coordinate and
a width of the first block {g.g., f first block is candidate 0}, or the y-coordmate and a
height of the first block {e.g., 1t first block is candidate 1). The processing circuttry of
video encoder 200 or video decoder 300 may determine the respective first weight based
on the value and the third weight.

18315} For example, to determine the value, the processing circuitry of video encoder
200 or video decoder 300 may multply a ratic of the x-coordinate to the width of the
first block with the third weight. As ancther example, to determine the value, the
processing circuitry of video encoder 200 or video decoder 300 may multiply a ratio of
the v-coordmate to the height of the first block with the third weight.

8316} The processing circuitry of video encoder 200 or video decoder 300 may
determine a respective second weight for two or more pixels of a second block of the
plurality of blocks (1904}, As one example, the processing circuitry of video encoder
200 or video decoder 300 may use stoilar or identical techniguces used to determine the
respective first weights of pixels n the first block. For exarnaple, to determine the
respective second weight, the processing circuitry of video encoder 200 or video
decoder 300 may determinge the respective second weight for the two or more pixels of

the second block of the plurality of blocks based on a respective position of the two or
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more pixels of the second block. However, in some examples, rather than the pixels of
the second block having different weights, to determine the respective second weight,
the processing circuity of video encoder 200 or video decoder 300 may set the
respective second weight for all of the two or more pixels of the second black to be the
Same.

168317} The processing circuitry of video encoder 200 or video decoder 300 may fuse
the two or more pixels of the first block and the two or more pixels of the second block
based on the respective first weight for the two or more pixels of the first block and the
respective second weight for the two or more pixels of the second block to generate a
prediction signal (1906). For example, the processing circuttry of video encoder 200 or
video decoder 300 may multiply the pixel values of pixels in the first block with
respective first weight and multiply the pixel values of pixels in the second block with
respective second weight, and perform stmilar operations if there are more than two
candidate blocks. The processing circutiry may then determine a weighted average to
fuse the two or more pixels of the first block and the two or mare pixels of the second
block to generate a prediction signal. In some examples, the processing circuitry of
video encoder 200 may signal and the processing circuitry of video decoder 300 may
parse a flag indicating that position-dependent fusion is applicd. The processing
ciremitry of video encoder 200 or video decoder 300 may fuse tn a condition where the
flag mdicates that position-dependent fusion 1s apphed.

168318} The processing circuitry of video encoder 200 or video decoder 300 may encode
or decode the current block based on the prediction signal {1908}, For example, the
processing circuitry of video decoder 300 may deternune, based on information signaled
in a bitstream, residoal values indicative of a difference between the current block and
the prediction signal. and add the residual valaes to the prediction signal to reconstruct
the current block. The processing cireutiry of video cucoder 200 may determing
residual values mdicative of a difference between the current block and the prediction
signal, and signal, in a bitstream, information ndicative of the residual vahues,

18319} FIG. 20 is a fowchart iHustrating an example method of operation. Une or more
memorics {¢.g., memory 106, memory 120, video data memory 230, decoded picture
buffer 218, CPB memory 320, DPB 314, or some other memoryy may be configured to
store the video data. Processing circuitry of video encoder 200 or video decoder 300

may be coupled to the one or menories.
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16326} The processing circuitry of video encoder 200 or video decoder 300 may
determine a current template for a current block based on pixels that neighbor the
current block (2000}, For instance, FIG. 7 illustrates an example of a current template
for a cwrrent block.

16321} The processing circuitry of video encoder 200 or video decoder 300 may
determine respective reference templates for each of a plurality of blocks (2002). For
instance, Fi{z. 7 illustrates an example of a reference template for a block, and the
processing cirenitry of video encoder 200 or video decoder 300 may sinularly determine
other reference templates for other blocks of the plurality of blocks.

8322} The processing circuitry of video encoder 200 or video decoder 300 may filter at
least one of the current template or the respective reference templates to generate at
least one of a filtered current template or respective filtered reference templates (2004).
For instance, the processing circuitry processing cirenitry of video encoder 200 or video
decoder 300 may utilize one of the filters iflustrated 1n FIGS. 11A or 11B to filter the
current template and the reference templates. As described above, when applyimg a
filter to pixels, the processing circutiry of video encoder 200 and video decoder 300
may center the filter on cach pixel within the pixels, and multiply the value of the filter
with the corresponding pixel values in the neighborhood {e.g.. around the center of the
3x3 filter). The processing circutiry of video encoder 200 and video decoder 300 may
gum the result of the multiplication to produce the filtered output value for that pixel.
18323} The processing circuitry of video encoder 200 or video decoder 300 may
determine respective template matching costs for each of the plurality of blocks (20063
For example, the processing circuitry of video encoder 200 or video decoder 300 may
determine respective template matching costs for each of the phurality of blocks based
on the filtered carrent template and the respective reference templates. The processing
ciremitry of video encoder 200 or video decoder 300 may determine respective template
matching costs for cach of the plurality of blocks based on  the curvent template and the
respective filtered reference templates. The processing cirantry of video encoder 200
or video decoder 300 may determine respective template matching costs for cach of the
plurality of blocks based on the filtered current teruplate and the respective filtered
reference templates.

18324} The processing circuitry of video encoder 200 or video decoder 300 may encode
or decode the current block based on the respective template matching costs (2008}, As

one example, there may be varous coding technigues that use template matching, such
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as intra-templaic matching, inter-template matching, adaptive reordering of merge
candidates with template matching (ARMC-TM), intra~-block copy (IBC) template
matching, or iemplate matching for geometric partitioning mode (GPM). The
processing circuitry of video encoder 200 or video decoder 300 may encode or decode
the current block using ove of these video coding techniques, where the processing
circuttry of video encoder 200 or video decoder 300 determines the template matching
costs for these video coding technigues using the example techaiques described in this
disclosure.

18325} FIG. 21 1s a flowchart ilustrating an example method of operation. (ne or more
memorics {e.g., memory 106, memory 120, vides data memory 230, decoded pictare
buffer 218, CPB memory 320, DPB 314, or some other memory} may be configured to
store the video data. Processing circuitry of video encoder 200 or video decoder 300
may be coupled to the one or memories. For ease of thhustrating, reference is made o
FIG. 16,

16326} The processing circuitry of video encoder 200 or video decoder 300 may select a
group of blocks based on probing samples (¢.g., fusing of probing samples) determined
from pixels that are proximate to the blocks in the group of blocks and current probing
samples determined from pixels that are proximate to a current block (2100). For
example, the processing circuttry of video encoder 200 and video decoder 300 may
determine first reference probing samples 1604A-1604N for respective blocks 1602A-
102N 1 a first group of blocks 1600, and fuse the first reference probing samples
1604A-1604N 1o gencrate first fused probing samples 1618, The processing circuitry
of video encoder 200 and video decoder 300 may determine second reference probing
samples 1610A-1610N for respective blocks 1608A-1608N 1n a second group of
blocks 1606, and fuse the second reference probing samples 1610A-1610N to generate
sccond fused probing samples 1620, The processing circuitry of video encoder 200 and
video decoder 300 may repeat such techniques to generate additional fused probing
samples, sach as fused probing samples 1622.

18327} In some examplcs, the probing samples determined from the pixels that are
proxumate to the blocks 1n the group of blocks may include probing samples determined
from pixels that arc immediately adjacent to the blocks in the group of blocks. For
instance, as tlustrated in Fi(. 13, the pixels that are immediately adjacent to the blocks
in the group of blocks nclude a first line of prxels having a v-coordinate that is one less

than a v-coordinate of a top hine of the group of blocks, or {e.g., and/or) a second line of
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pixels having a x-coordinate that s one less than a x-coordinate of a left coluran of the
group of blocks.

[8328] In some examples, the probing samples determined from the pixels that are
proximate to the blocks in the group of blocks include probing samples determined from
pixels that are not immediately adjacent to the blocks 1o the group of blocks. For
instance, as iustrated e FIG. 13, the pixels that are not immediately adjacent to the
blocks in the group of blocks comprise a first line of pixcls having a v-coordinate that is
two or more less than a y-coordinate of a top line of the group of blocks, or {e.g.,
and/or) a second line of pixels having a x~coordinate that is two or more less than a x-
coordinate of a left cohwmn of the group of blocks.

18329} The processing circuitry of video encoder 200 and vides decoder 300 may
compare the curcent probing samples 1626 to the first fused probing samples 1618 to
generate a first comparison value, and compare the current probing samples 1626 to the
second fused probing samples 1620 to generate a second companson value., The
processing circuitry may repeat such techmgues for other comparison values such as the
third comparison value.

[8338] The processing circuitry of video encoder 200 or video decoder 300 may select
the group of blocks based on at least the first comparison value and the second
comparison value. For example, the processing cireuttry of video encoder 200 or video
decoder 300 may select the group of blocks based on the respective comparison values
(e.g.. first, second, and additional companison values).

18331} As one example, to select the group of blocks, the processing circuitry of video
encoder 200 or video decoder 300 may select the first group of blocks based on the first
comparison value being less than the sccond comparison value. For example, to select
the group of blocks, the processing circuitry of video encader 200 or video decoder 300
may select the first group of blocks based on the first comparison value being the least
comparison value of all comparison values.

18332} As another example, to select the group of blocks, the processing circutry of
video encoder 200 or video decoder 300 may order a list of groups of blocks. In thig
exaraple, the first group of biocks 1s identified at a lower index value, in the Iist of
groups of blocks, than the second group of blocks based on the first comparison value
being less than the second comparison value. For example, the processing circuitry of
video encoder 200 or video decoder 300 may wdentify the first group of blacks m a first

entry {e.g., index 0) of the list of groups of blocks based on the first comparison value
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being the least comparison value of all comparison values. The processing circuitry
may select the group of blocks based on the list of groups of blocks. For mstance, video
encoder 200 may signal and video decoder 300 may receive an index to the hist of
groups of blocks.

3333} The processing circuitry of video cucoder 200 or video decoder 300 may fuse
blocks in the group of blocks to generate a prediction signal (2102}, For instance, the
processing circuitry of video encoder 200 or video decoder 300 may determing a
respective weight for cach pixel in at least one block of the group of blocks based ona
respective location of each pixel, and fuse the blocks based on the respective weight for
cach pixel in at least one block of the group of blocks, as desenbed above and 1 FIG.
19. As another example, as part of the fusing, the processing circutiry for video encoder
200 or video decoder 300 may perform filtering as described above and m FiG. 20
188334} The processing circuitry of video encoder 200 or video decoder 300 may encode
or decode the current block based on the prediction signal (2104}, For example, the
processing cirenitry of video decoder 300 may deternune, based on information signaled
in 4 bitstream, residual values indicative of a difference between the current block and
the prediction signal, and add the residual valags to the prediction signal to reconstruct
the carrent block. The processing circuiiry of video encoder 200 may determine
residual values mdicative of a differcuce between the current block and the prediction
signal, and signal, in a bitstream, information mdicative of the residual values.

18335} The following mumbered clauses llustrate one or more aspects of the devices
and techniques described in this disclosure.

[8336] Clause 1A, A method of encoding or decoding video data, the method
comprising: determining that template matching is enabled for a current block:
performing at least one of fusion of multiple candidates, padding, filtering, weighting,

ot position-dependent fusion as part of template matching;

o

and encoding or decoding
the current block based on template matching.

18337} Clause ZA. The method of clause TA, wheren template matching includes
one or more of intra-template maiching, nter-template matehing, adaptive reordering of
merge candidates with teroplate matching (ARMC-TM}, mira-block copyv (IBC)
template matching, or template matching for geometric partitioning mode (GPM).
18338 Clause 3A. A device for coding video data, the device comprising memory
configured to store the video data; and one or more processors implemented in circuitry

and configured 1o perform the method of any of clauses 1A and 2A.
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[8339] Clause 4A. The device of clause 3A, further comprising a display configured
to display decoded video data.

(8348} Clagse 5A. The device of any of clauses 3A and 4A, wheren the device
comprises one or morg of a camera, a computer, a mobile device, a broadcast receiver
device, or a set-top box.

18341} Clause 6A. A computer-readable storage medium having stored thereon
instructions that, when executed, cause ong or more processors fo perform the method of
any of clause 1A and 2A.

18342} Clause 7TA. A device for encoding or decoding video data, the device
comprising means for performing the method of any of clavses 1A and 2A.

[8343f Clavse 1B, A mecthod of decoding video data, the method comprising:
determining a template matching prediction raode for a current block of video data
using a probing scheme; and decoding the current block using the determined template
matching prediction mode.

10344} Clause 2B, The method of clause 1B, wherein determining the template
matching prediction mode comprnises determining the template matchmmg prediction
mode directly from the probing scheme.

[8345] Clavse 3B, The method of ¢lause 1B, wherein determining the template
matching prediction mode comprises: determining a most Hikely template matching
prediction mode using the probing scheme; and coding data indicating whether the most
tikely template matching prediction mode 1s to be used to decode the current block.
18346} Clause 48, The method of clause 3B, further comprising sorting a set of
candidate template matching prediction modes according to the probing scheme,
wherein coding the data comprises coding an index into the sorted set of candidate
template matching prediction modes, the index representing an actual teraplate matching
prediction mode to be used o decode the curmrent block.

[8347] Clause 5B, The method of anv of clauses 1B—4B, wherein determining the
template matching prediction mode for the current block using the probing scheme
comprises calculating data representative of a difference between probing pixels of the
current block determined according to a template and corresponding pixels of a
reference block deternuned according to the template,

18348 Clause 6B, The method of clause 5B, further comprising: calculating a set of
differences between the probing pixels of the current block determined according to a

template and comresponding pixels of candidate reference blocks determined according
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1o the template; and selectimg a reference block having a smallest difference from the
candidate reference blocks as an actual reference block for the current block.

(8349} Clagse 7B, The method of any of clauses 3B and 6B, wherein the difference
comprises a sum of absolute differences (SAD) vahue or a sum of squared error (85E)
value.

[8350] Clause 8B, The method of any of clauses SB-7B, wheremn the template
indicates pixels above a corresponding block and to the left of the corresponding block.
163581} Clause 9B,  The method of any of clauses 3B-8B, wherein the template
corresponds to the template of any of FIGS. 13 or 15,

(8382} Claugse 10B.  The method of any of clauses 3B-9B, wherein the template
indicates pixels adjacent to the corresponding block and does not inchude pixels that are
not adjacent to the corresponding block.

18353} Clause 11B.  The method of anv of clauses 5B-9B, wherewn the template
indicates pixels adjacent to the corresponding block and one or more lines of pixels that
are not adjacent to the comresponding block.

18384} Clause 12B.  The method of clause 118, whercin the one or more lines inchude
a second line and a fourth line in the template.

[8355] Clavse 13B.  The method of ¢lanse 1iB, wherein the one or more lines inchide
a third line and a fourth linc in the template.

[8356] Clause 14B.  The method of any of clauses 5B-138, wherein the template
excludes reference samples of the reference block.

18357} Clause 15B.  The method of any of clauses 5B-138, wherein the template
meludes one or more of the samples of the reference block.

(8358} Clagse 16B.  The method of any of clauses 1B-15B, further comprising sorting
a fusion candidate hist according to the probing scheme and coding a value for a syntax
clement mdicating one of the fusion candidates 1o the sorted fusion candidate list.
(83589 Clause 17B.  The method of clause 168, wherein the fusion candidate list
includes one or more of a fusion candidate using a template matching cost to derive
fusion weights, a fusion candidate using mean squared error {(MSE) to derive fusion
weights, a fusion candidate mcluding location mformation in a filtering process, a
fusion candidate mcluding a spatial pixel in the filtering process, or a fusion candidate
including a gradient derived from a current pixel or the spatial prxel in the filtering

PTOCESS.
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{8368} Clause 18B. The method of clause 178, wherein the location information
contains at least one of a horizontal position, a vertical position, or the honzontal
position times the vertical position.

18361} Clause 19B.  The method of clause 178, wherein a location indicated by the
location information is relative to an upper-lett position of the current block.

18362} Clause 20B.  The method of clause 178, wherein a location indicated by the
focation information is relative to an upper-left position of the template.

18363} Clause 21B.  The method of any of clauses 17B-20B, wherein a spatial pixel
contains at least one of an above, nght-neighboring, left-neighboring, or below pixel.
(8364} Clagse 22B.  The method of any of clauses 16B-21B, wherem the one of the
fusion candidates indicates that N candidates are to be fused within one coding mode.
[8365] Clause 23B.  The method of any of clauses 16B-21B, wherein the one of the
fusion candidates indicates that N candidates are to be fused across two or more coding
modges.

18366} Clause 24B.  The method of any of clauses 228 and 238, wherein the N
candidates mclude any combination of block vector candidates or motion vector
candidates.

18367} Clavse 25B.  The method of any of clauses 16B-248, further comprising
forming the fusion candidate list, including omitiing potential fusion candidates from
wnclusion in the fusion candidate list according to one or more conditions.

[8368] Clause 26B.  The method of any of clauses 16B-23B, further comprising:
determining whether a ratio of 2 minimum template cost among all block vector fusion
candidates for the current block and a mimimum template cost among all block vector
fuston candidates in the fusion candidate list is Iarger than a threshold; and when the
ratio is larger than the threshold, removing a fusion candidate from the fusion candidate
tist.

(8369 Clause 27B.  The method of anv of clauses 16B-26B, further comprising
determining a fusion candidate from the fusion candidate list without coding an index
representative of the fusion candidate.

18378} Clause 28B.  The method of any of clauses 16B-26B, further comprising:
comprising sorting the fusion candidate hist according to the probing scheme; and
coding an index representing a fusion candidate in the sorted fusion candidate list.
(8371} Clause 29B.  The method of clause 28B, wherein coding the index comprises:

coding a first value indicating whether a most likely fusion candidate at a top of the
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sorted fuston candidate st s to be used for the current block; and when the first value
mdicates that the most likely fusion candidate is not to be used, coding a second value
mdicating an actual fusion candidate from the sorted fusion candidate list that is to be
used for the current block.

(8372 Clause 30B.  The method of clause 28B, wherein coding the index comprises:
coding a first value indicating whether a most likely fusion candidate at a top of the
sorted fusion candidate list is to be used for the current block; and when the first value
mndicates that the most likely fusion candidate 15 not to be used, coding a seccond value
mdicating an actual fusion candidate from the unsorted fusion candidate list that 1s to be
ased for the current block.

[8373f Clause 31B.  The method of any of clauses 1B-30B, further comprising coding
a value for a syntax clement indicating that the probing scheme 15 ¢enabled.

18374} Clause 32B.  The method of any of clauses 1B-31B, further comprising adding
a delta value to one or more weights in a fusion filter, wherein determning the template
matching prediction mode for the current block using the probing scheme comprises
performing the probing scheme after adding the delta value to the weights in the fusion
filter.

[8375] Clause 33B.  The method of clause 32B, further comprising determining the
delta value from a range of potential delia values according to a first cocfficient in the
fusion filier,

18376} Clause 34B.  The method of any of clauses 32B and 33B, further comprising
determining the delta value according o a template matching cost, wherein adding the
delta value comprises adding the delta value to a first coefficient in the tusion filter, the
method further comprising subtracting the delta value from a second coefficient in the
fusion filter

[8377] Clause 35B.  The method of any of clauses 32B and 338, further comprising
determining the delta value according (0 a mean squared error (MSE) mimimization,
wheretn adding the delta value comprises adding the delta value to a first coefficient in
the fusion filter, the method further comprising subtracting a bias torm by ong of {(delta *
pixel value) or {delta * pixel value / (maximum value/2)).

18378} Clause 36B. The method of clause 35B, wherein the pixel value is one of a
mean value of the template, a value of a predefined pixel in the template, ora

predefined value.

SUBSTITUTE SHEET (RULE 26)



WO 2024/216097 PCT/US2024/024358
78

18379} Clause 37B.  The method of clause 368, whercin the predefined value
comprises the maximum value divided by 2.

[6388] Clanse 38B.  The method of any of clavses 32B-37E, further comprising
coding a value for a syntax clement indicating that the weights in the fusion filter are 1o
be adjusted.

168381] Clause 39B.  The method of any of clauses 1B-38B, further comprising
determining weight vahlues during a template matching cost calculation based on a pixegl
or line position m the template.

(8382} Clause 40B. The method of clause 398, further comprising deternuning a
weighting factor for cach hne according to a distance between the boe and a boundary
of the current block.

[6383] Clause 418, The method of clause 408, further comprising muhiplyving a cost
of a line adjacent to the current block by the weighting factor

168384} Clause 42B.  'The method of any of clauses 1B-418, further comprising
cncoding the current block prior to decoding the current black.

[6385] Clause 43B. A device for decoding video data, the device comprising one or
more means for performing the method of any of clavses 1B-428.

18386 Clavse 44B.  The device of clause 438, wherein the one or more means
COMPIISE a Processing systen comprising one oF more processors implemented in
circuitry.

{8387} Clause 45B.  The device of any of clauses 43B and 44B, further comprising a
display configured to display the decoded video data.

16388} Clause 46B. The device of any of clauses 43B—-458, wherein the device
comprises one or more of a camera, a computer, a mobile device, a broadeast receiver
device, or a set-top box.

[6389] Clause 478, The device of clause 438468, further comprising a memory
configured to store the video data.

168398} Clause 48B. A computer-readable storage medimm having stored thereon
instouctions that, when executed, cause a processor of a device for decoding video data
to pertorm the method of any of clauses 1B-42B.

[6391] Clause 49B. A device for decoding video data, the deviee comprising: means
for determining a template matching prediction mode for a current Mock of video data
using a probing scheme; and means for decoding the current block using the determined

template matching prediction mode.
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18392} Clause 1C. A method of encoding or decoding video data, the method
comprising: determining, for a current block, a plurality of blocks for fusing;
detormining a respective first weight for two or more pixels of a first block of the
plurality of blocks based on a respective position of the two or more pixels of the first
block; determining a respective sccond weight for two or more pixels of a second block
of the phurality of blocks; fusing the two or more pixels of the first block and the two or
more pixels of the second block based on the respective first weight for the two or more
pixels of the first block and the respective second weight for the two or more pixels of
the second block to generate a prediction signal; and encoding or decoding the current
block based on the prediction signal.

18393} Clause 2€. The method of clause 1, wherein determining the respective
sccond weight comprises determinimg the respective second weight for the two or more
pixels of the second block of the phurality of blocks based on a respective position of the
two or more pixels of the second block.

16394} Clause 3C.  The method of clause 1C, wherern determining the respective
second weight comprises setting the respective second weight for all of the two or more
pixels of the sccond block to be the same.

[8395] Clavse 4C.  The method of any of clauses 1C-4C, wherein a respective first
weight for a furst pixel of the first block and a respective first weight for a sccond pixel
ot the first block 1s different.

18396} Clause SC. The method of any of clauses 1C-4C, wherein determining the
respective first weight for the two or more pixels of the first block comprises
determining the respective first weight for the two or more pixels of the first block
based on the respective position of the two or more pixels of the first block and a
candidate value of the first block.

16397} Clause 6C.  The method of any of clavses 1C-5C, wherein the respective
postition of the two or more pixels of the first block comprises a respective x-coordinate
and a respective y-coordinate, and wherein determining the respective first weight
comprises: determining a third weight for the first block: and determining a value based
o the respective x-coordinate and a width of the first block: or the respective v-
coordinate and a height of the first block; and determining the respective first weight

based on the value and the third weight.
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[8398] Clause 7C.  The method of clause 6C, wherein determining the value
comprises multiplying a ratio of the respective x-coordinate to the width of the first
block with the third weight.
18399 Clavse 8C.  The method of clause 6, wherein determining the value
comprises multiplving a ratio of the respective v-coordinate to the height of the first
block with the third weight.
18400] Clause 9C.  The method of any of clauses 1C-8C, further comprising:
signaling ot parsing a flag indicating that position-dependent fusion s applied, wherein
fusing comprises fusing in a condition where the flag indicates that position-dependent
fustion 1s applied.
(8401} Clavse 10C.  The method of any of clauses 1{-9C, wherein determining, for
the current block, the plurality of blocks for fusing comprises: comparing a current
template based on pixels that neighbor the corrent block to respective reference
emplates that neighbor respective blocks of a group of blocks; and determining the
plurality of blocks for fusing, from the group of blocks, based on the comparing of the
current template based on pixels that neighbor the current block o respective reference
templates that neighbor respective blocks of the group of blocks.
18402 Clavse 11C. The method of clause 10C, further comprising: filtering at least
one of the currcnt template or the respective reference tomplates to generate at least one
of a filtered current template or respective filtered reference templates, wherein
companng comprises one of. companng the filtered current template to the respective
reference templates; comaparing the current template to the respective filiered reference
templates; or comparing the filtered current template to the respective filtered reterence
templates.
[8403f Clavse 12C. The method of any of clauses 1{-11{, wherein encoding or
decoding the current block based on the prediction signal comprises decoding the
current block, wherein decoding the current block comprises: determiming, based on
wmfonmation signaled in a bitstream, residual values mdicative of a difference between
the current block and the prediction signal; and adding the residual values to the
prediction signal to reconstruct the current block.
18404} Clause 13C.  The method of any of clauses 1{-1 1, wherein encoding or
decoding the current block based on the prediction signal comprises encoding the

current block, wherem encoding the current block comprises: determiunung residual
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values mdicative of a difference between the current block and the prediction signal;
and signaling, in a bitstream, mformation indicative of the residual values.

[8405] Clause 14C.  The method of any of clauses 1013, wherein determining the
plurality of blocks for fusing comprises: determining probing samples based on pixels
that are proxumate to the plurality of blocks; fusing the probing samples to generate
fused probing samples; and determining the plurality of blocks, from among a plurality
of groups of blocks, based on the fused probing samples.

16406} Clause 15C. A device for encoding or decoding video data, the device
comprising: one or more memories configured {o store the video data; and processing
cirawitry coupled to the one or more memories, wherein the processing circuitry is
configured to: deterouine, for a cureent block, a plarality of blocks for fusing; determing
a respective first weight for two or more pixcls of a first block of the plurality of blocks
hased on a respective position of the two or more pixels of the first block; determine a
respective second weight for two or more pixels of a second block of the phurality of
blocks; fuse the two or maore pixels of the fust block and the two or more pixels of the
second biock bascd on the respective fivst weight for the two or more paixels of the first
block and the respective second weight for the two or more pixels of the second block 1o
generate a prediction signal; and encode or decode the current block based on the
prediction signal.

[8407] Clause 16C.  The device of clause 15C, wherem to determine the respective
second werght, the processing circuitry is configured to determine the respective second
weight for the two or more pixels of the second block of the phlurality of blocks based on
a respective position of the two or more pixels of the second block.

(8408} Clagse 17C.  The device of clause 15C, wherein to determine the respective
second weight, the processing circuitry is configured to set the respective second weight
for all of the two or more pixels of the second block to be the same.

[8409] Clause 18C.  The device of any of clauses 15C-17C, wheren a respective first
weight for a first pixel of the first block and a respective first weight for a second pixel
of the first block is different.

18410} Clause 19C.  The device of any of clauses 15C-18C, wherein to detenming the
respective first weight for the two or more pixels of the first block, the processing
circuitry is configured to determine the respective first weight for the two or more pixels
of the first block based on the respective posttion of the two or more pixels of the first

block and a candidate value of the first block.
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16411} Clause 20C. A method of encoding or decodimg video data, the method
comprnsing: determming a current template for a current block based on pixels that
neighbor the current block: determining respective refercnce templates for each of a
plurality of blocks; filtering at least one of the current template or the respective
reference templates to gencrate at least one of a filtered current template or respective
filtered reference templates; determining respective template matching costs for each of
the plurality of blocks based on one of! the filtered current feraplate and the respective
reference templates; the current temaplate and the respective filtered reference templates;
or the filtered current template and the respective filtered reference templates; and
encoding or decoding the carrent block based on the respective template matching costs.
[8412f Clause 1D, A mecthod of encodmg or decoding video data, the method
comprsing: selecting a group of blocks based on probing samples determined from
pixels that are proximate to the blocks in the group of blocks and current probing
samples determuned from pixels that are proximate to a current block; fusing the blocks
in the group of blocks o generate a prediction signal; and encoding or decoding the
current block based on the prediction signal.

(8413} Clause 2D, The method of ¢clanse 1D, wherein selecting the group of blocks
compnses: determining first reference probing samples for respective blocks in a first
group of blocks; fusing the first reference probing samples to generate first fused
probing samples; determining second reference probing samples for respective blocks in
a second group of blocks; fusing the second reference probing samples to gencrate
second fused probing samples; comparing the current probing samples to the first fused
probing samples (o generate a first comparison value; comparing the current probing
samples to the second fused probing samples to generate a second comparison value;
and selecting the group of blocks based on at least the first comparison value and the
sccond comparison value.

(8414} Clause 3D, The method of clause 2D, wheremn selecting the group of blocks
comprises: selecting the first group of blocks based on the first companson value being
fess than the second comparnison vahe,

16415} Clause 4D, The method of clause 2D, wherein selecting the group of blocks
comprises: ordering a list of groups of blocks, wherein the first group of blocks s
identified at a lower 1ndex value, in the list of groups of blocks, than the second group
of blocks based on the first comparison value being less than the second comparison

value; and selecting the group of blocks based on the hist of groups of blocks.
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16416} Clause 3D, The method of anvy of clauses 1D-41, wheretn the probiong
samples determuned from the pixels that are proximate to the blocks 1n the group of
blocks comprise probing samples determined from pixels that are mamediately adjacent
to the blocks in the group of blocks.

{6417} Clause 6. The method of clause 5D, wherein the pixels that are immediately
adjacent to the blocks n the group of blocks comprises a first lime of pixels having a y-
coordinate that is one legs than 3 y-coordmate of a top line of the group of blocks, ora
second line of pixels baving a x-coordinate that is one less than a x-coordinate of a left
cohumn of the group of blocks.

(8418} Classe 7D, The method of any of classes 1D-6D, wherein the probing
samples determined from the pixels that are proximate o the blocks in the group of
blocks comprise probing samples determined from pixels that are not temediately
adjacent to the blocks i the group of blocks.

18419} Clause 81 The method of clause 70, wherein the pixels that are not
mmediately adjacent to the blocks 1 the group of blocks comprise a first line of pixels
having a y-coordinate that is two or more less than a v-coordmate of a top line of the
group of blocks, or a second line of pixels having a x-coordimate that 1s two or more less
than a x-coordinate of a left column of the group of blocks.

[6420] Clause 90 . The method of any of clauses 13-8D, wherein fusing the blocks
in the group of blocks comprises: determining a respective weight for cach pixel m at
least one block of the group of blocks based on a respective location of each pixel; and
fusing the blocks based on the respective weight for each pixel in at least one block of
the group of blocks.

(8421} Clause 10D, The method of any of clauses 1D-9D, wheremn encoding or
decoding the current block comprises decoding the current block, wherein decoding the
current block comprises: determtung, based on information signaled tn a bitstream,
residual values mdicative of a difference between the current block and the prediction
signal; and adding the restdual values to the prediction signal to reconstruct the current
block.

16422} Clause 11D, The method of any of clauses 1D-9D, wherein encoding or
decoding the current block comprises encoding the current block, wherein encoding the
current block comprises: determining residual values indicative of a difference between
the current block and the prediction signal; and signaling, in a bitstream, information

mdicative of the residual values.
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16423} Clause 12D, A device for encoding or decoding video data, the device
comprising: one or more memories configured {o store the video data; and processing
cirawitry coupled to the one or more memories, wherein the processing circuitry is
configured to: select a group of blocks based on probing samples determined from
pixels that are proximate to the blocks n the group of blocks and current probing
samples determined from pixels that are proximate to a current block: fuse the blocks in
the group of blocks to generate a prediction signal; and encode or decode the current
block based on the prediction signal.

18424} Clause 13D,  The device of clause 12D, wherein to select the group of biocks,
the processing circuitry is configured to: determine first reference probing samples for
respective blocks in a first group of blocks; fuse the first reference probing samples to
generate first fused probing samples; determine second reference probing samples for
respective blocks 1n 3 second group of blocks: fuse the second reference probing
samples to generate second fused probing samples; compare the current probing
samples to the first fused probing samples to generate a first companson value; compare
the current probing samples to the second fused probing samples to generate a second
comparison value; and select the group of blocks based on at least the first companson
value and the second comparison value.

[6425] Clause 14D, The device of clause 131, wherein to select the group of blocks,
the processing circuitry is configured to: select the first group of blocks based on the
first comparison value being less than the second comparison value.

18426} Clause 15D, The device of clause 13D, whergin to select the group of blocks,
the processing civcuitry is configured to: order a list of groups of blocks, wherein the
first group of blocks is identified at a lower index vahie, in the list of groups of blocks,
than the second group of blocks based on the first comparison value being less than the
sccond comparison value; and select the group of blocks based on the list of groups of
blocks.

134271 Clause 16D, The device of any of clanses 12D-13D, wherein the probing
samples determined from the pixels that are proximate to the blocks in the group of
blocks comprise probing samples detemmined from pixels that are invnediately adjacent
o the blocks n the group of blocks.

18428 Clause 17D, The device of clause 16D, wherein the pixels that are
mmediately adjacent to the blocks m the group of blocks comprises a first ime of pixels

having a v~coordinate that is one less than a v-coordinate of a top line of the group of
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blocks, or a second line of pixels having a x-coordinate that is one less than a x-
coordinate of a left column of the group of blocks.

[8429] Clanse 18D, The device of any of clauses 12D-170, wherein the probing
samples determined from the pixels that are proximate o the blocks in the group of
blocks comprise probing samples determined from pixels that are not temediately
adjacent to the blocks i the group of blocks.

18430] Clause 19D, 'The device of clause 18D, whergin the pixels that are not
mmediately adjacent to the blocks 1 the group of blocks comprise a first line of pixels
having a y-coordinate that is two or more less than a v-coordmate of a top line of the
group of blocks, or a second line of pixels having a x-coordimate that 1s two or more less
than a x-coordinate of a left column of the group of blocks.

(6431} Clause 20D, A non-transitory computer-readable storage medivm storiog
instructions thereon that when executed cause ong or more processors to: select a group
of blocks based on probing samples determined from pixels that are proximate to the
blocks m the group of blocks and current probing samples determined from pixels that
are proximate to a current block; fuse the blocks in the group of blocks to generate a
prediction signal; and encode or decode the current block based on the prediction signal.
18432} It 15 to be recognized that depending on the example, certain acts or events of
any of the technigues described herern can be pedformed m a different sequence, roay be
added, merged, or left out altogether (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, ¢.g.. through multi-threaded processing, mterrupt
processing, or multiple processors, rather than sequentially.

[8433] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitied over as one or Mmore nstructions or code
on a computer-readable medium and executed by a hardware-based processing unit,
Computer-readable media may include computer-readable storage media, which
corrgsponds 1o a tangible medium such as data storage media, or commmumication media
including anv medium that facilitates transfer 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 mediur such as a signal or

carrier wave. Data storage media may be any avatlable media that can be accessed by
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OIS OF T00TS COMPULETs OF ONE OF MOTS PrOCesSors 1o retrieve nstructions, code and/or
data structures for implementation of the technigues described 1o this disclosure. A
computer program product may mchude 8 computer-readable mediom.

(8434 By way of example, and not Hmfation, such computer-readable storage media
may mclude one or more of RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage, or other magnetic storage devices, flash memory, or any
other mediom that can be used to store desired program code in the form of mstructions
or data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. For example, if mstructions are
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (D81}, or wircless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSE, or wireless technologies such as infrared, radio, and microwave are included in
the definition of medium. ¥ should be understood, however, that computer-readable
storage media and data storage media do vot include comnections, carmier waves, signals,
or other transitory media, but are nsiead directed to non-transitory, tangible storage
media. Pisk and disc, as used herein, includes compact dise (D), laser disc, optical
disc, digital versatile disc (DY 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 mcluded within the scope of computer-
readable media.

18435} Instructions may be executed by ong or more progessors, such as ong or more
DSPs, general purpose nmucroprocessors, ASICs, FPGAs, or other equivalent integrated
or discrete logic cireuitry. Accordingly, the terms “processor” and “processing
circuitry,” as used herein may refer to any of the foregoing structures or any other
structure suitable tor tmplementation of the techmques described herein. In addition,
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.

[8436] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wircless handset, an mntegrated circuit {IC) ora set of
ICs {e.g.. achip set). Various components, modules, or units are described m this

disclosure to emphasize functional aspects of devices configured to perform the

SUBSTITUTE SHEET (RULE 26)
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disclosed technigues, but do not necessarily require realization by different hardware
umiis. Rather, as descrnibed above, varous units may be combined in a codec hardware
anit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or fumware.
[8437] Various examples have been described. These and other examples are within the

scope of the following claims.
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WHATIS CLAIMED I5:

1. A method of encoding or decoding video data, the method comprising:
selecting a group of blocks based on probing samples determined from pixels
that are proxumate to the blocks m the group of blocks and current probing samples
determined from pixels that are proximate to a current block;
fusing the biocks in the group of blocks to gencrate a prediction signal; and

encoding or decoding the current block based on the prediction signal.

[R]

The method of claim 1, wherein selecting the group of blocks comprises:
determining first reference probing samples for respective blocks in a first group
of blocks;

fusing the first reference probing samples to generate first fused probing
samples;

determining second reference probing samples for respective blocks in a second
group of blocks;

fusing the second reference probing samples to generate second fused probing
samples;

corparing the curcent probing samples to the first fused probing samples to
generate a first comparison valae;

comparing the current probimg samples to the second fused probing samples to
generate a second comparison value, and
selecting the group of blocks based on at least the first comparison value and the

second comparison value.

3 The method of claim 2, wheren selecting the group of blocks comprises:
selecting the first group of blocks based on the first comparison value being less

than the second companson value.

4. The method of claim 2, wherein selecting the group of blocks comprises:
ordering a hist of groups of blocks, wherein the first group of blocks 18 identified

at a tower index value, in the list of groups of blocks, than the sccond group of blacks

based on the first comparison value being less than the second comparison value; and

selecting the group of blocks based on the Iist of groups of blocks,
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5. The method of claim |, wherein the probing samples determined from the pixels
that are proximate {o the blocks n the group of blocks comprise probing samples
determined from pixels that are mmmediately adiacent to the blocks in the group of

blocks.

6. The method of claim 5, wherein the pixels that are immediately adjacent to the
blocks in the group of blocks comprises a first line of pixels having a y-coordinate that
is one less than a y~coordinate of a top hine of the group of blocks, or a second line of

pixels having a x-coordinate that is one less than a x~coordinaie of a left colamn of the

group of blocks,

7. The method of claun 1, wherein the probing samples deterouned from the pixels
that arc proximate to the blocks m the group of blocks comprise probing samples
determined from pixels that are not immediately adjacent to the blacks in the group of

blocks.

8. The method of claim 7, wherein the pixels that are not immediately adjacent to
the blocks in the group of blucks comprise a first line of pixels having a y-coordinate
that 1s two or more less than a y-coordinate of a top line of the group of blocks, ora
second line of pixels having a x-coordmate that is two or mor¢ less than a x~-coordinate

of a left column of the group of blocks.

g, The method of claim 1, wherein fusing the blocks in the group of blocks
comprises:

determining a respactive weight for cach pixel 1n at least one block of the group
of blocks based on a respective location of each pixel; and

fusing the blocks based on the respective weight for cach pixel n at least one

block of the group of blocks.

10, The method of claim 1, wherem cocoding or decoding the current block
comprises decoding the current block, wheremn decoding the current block comprises:
determining, based on information signaled in a bitstream, residual vahies

indicative of a difference between the current block and the prediction signal; and
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adding the residual values to the prediction signal to reconstract the current

block.

11 The method of claim 1, wherein encoding or decoding the current block
comprises encoding the current block, wherein encoding the current block comprises:

determining residual values indicative of a difference between the current block
and the prediction signal; and

signaling, in a bitstream, information indicative of the residual values.

12, A device for encoding or 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, wherein the
processing circitry is configured to:
sclect a group of blocks based on probing samples determined from
pixels that are proximate to the blocks 1o the group of blocks and current probing
samples determined from pixels that are proximate to a current block;
fuse the blocks m the group of biocks to generate a prediction signal; and

encode or decode the current block based on the prediction signal.

13. The device of claim 12, wherein to select the group of blocks, the processing
cireaitry 1s configured to:

determinge first reference probing samples for respective blocks in a first group
of blocks;

fuse the first reference probing samples to generate first fused probing samples;

determine second reference probing samples for respective blocks in a second
group of blocks;

fuse the second reference probing samples to generate sccond fused probing
samples;

compare the current probing samples to the first fused probing samples to
geuerate a first comparison value;

compare the current probing samples to the second fused probing samples to
generate a second comparison value; and

select the group of blacks based on at least the first comparison value and the

second comparison value,
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14, The device of claim 13, wherein to select the group of blocks, the processing
cirewntry 18 contigured to:
select the first group of blocks based on the first comparison value being less

than the second comparison value.

15 The device of clamm 13, whergin to select the group of blocks, the processing
circuitry is configured to:

order a list of groups of blocks, wherein the first group of blocks s identified at
a lower index value, in the hist of groups of blocks, than the second group of blocks
based on the first companson vadue being less than the second comparison value; and

select the group of blocks based on the list of groups of blocks.

16. The device of claim 12, wherein the probing samples determined from the pixcls
that are proximate to the blocks m the group of blocks comprise probing samples
deterovuned from pixels that are immediately adjacent to the blocks i the group of

blocks.

17 The device of claim 16, wherein the pixels that are immediately adjacent to the
blacks 1o the group of blocks comprises a first Hine of pixels having a v-coordinate that
is one less than a y-coordinate of a top hine of the group of blocks, or a second ling of

pixels having a x-coordinate that is one less than a x-coordinate of a left cohumn of the

group of blocks.

138 The device of claim 12, wherein the probing samples determined from the pixels
that are proximate to the blocks in the group of blocks comprise probing samples
determined from pixels that are not vomediately adjacent to the blocks in the group of

blocks.

19 The device of clamm 18, whergin the pixels that are not immediately adjacent to
the blocks 1n the group of blocks compnse a first line of pixels having a y-coordinate
that is two or more less than a y-coordimate of a {op hine of the group of blocks, ora
second line of pixels having a x-coordinate that is two or more fess than a x-coordinate

of a left columm of the group of blocks.
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20. A nou-transitory computer-readable storage medium storing instructions thereon
that when executed cause one or MOTe Processors (o]

select a group of blocks based on probing samples determined from pixels that
are proximate to the blocks in the group of blocks and current probing samples
determined from pixels that are proximate to a current block;

fuse the blocks 1n the group of blocks to gencrate a prediction signal; and

encode or decode the current block based on the prediction signal.
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