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SAMPLE POSITION AND BLOCK CHARACTERISTIC DEPENDENT
INTRA-PREDICTION FOR VIBEQ COBING

{68061} This application claims priority to U.S. Patent Application No. 19/013,288, filed
Jarwary 8, 2025 and U S, Provisional Application No. 63/619.631, filed January 10,
2024, and of U.S. Provisional Application No. 63/570,608 filed March 27, 2024, the
entire content of cach of which are incorporated by reference. U.S. Patent Application
No. 19/013.288, filed January 8, 2025 claims the benefit to U.S. Provisional Application
No. 63/619.651, filed Januvary 10, 2024, and of U S. Provisional Apphication No.
63/570,608 filed March 27, 2024

TECHNICAL FIELD

{0002] This disclosure relates o video coding, including video encoding and video

decoding.

BACKGROUND

10003] Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadeast systems, wireless broadeast
systems, personal digital assistants {(PDAs), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles. cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digital video devices implement video coding techuigues, such as
those described in the standards defined by MPEG-2, MPEG-4, ITU-TH.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H.265/High Efficiency
Video Coding (HEVC), ITU-T H.266/Versatile Video Coding (VV(), and extensions of
such standards, as well as proprictary video codecs/formats such as AOMedia Video 1
{AV 1) developed by the Alhiance for Open Media. The video devices may transnut,
receive, encode, decode, and/or store digital video information more efficiently by
inplementing such video coding technigues.

[0004] Video coding techniques include spatial (intra-picture} prediction and/or
temporal (mter-picture) prediction fo reduce or remove redundancy inherent in video

sequences. For block-based video coding, a video slice {e.g., a video pictare or a
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portion of a video picturc) may be partitioned into video blocks, which may also be
referred to as coding tree wnits (CTUs), coding units {CUs) and/or coding nodes. Video
blocks in an mtra~coded (1) shice of a picture are encoded using spatial prediction with
respect to reference samples in neighboring blocks in the same picture. Video blocks in
an wer-coded (P or B) slice of a picture may use spatial prediction with respect to
reference samples in neighboring blocks in the same picture or temporal prediction with
respect to reference samples in other reference pictures. Pictures may be referred to as

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

SUMMARY

{0805} in general, this disclosure describes techniques for performing intra-prediction
that 1s sample position and block characteristic dependent. For example, a causal
template may inchlude reference samples to be used to generate a prediction block for a
current block. The causal template may include one or more rows of sarples above the
current block, each row having a width of, e.g., twice the width of the current block.
The causal template may additionally or alternatively include one or more columns of
samples to the left of the current block, cach column having a height of, ¢.g., twice the
height of the current block. To generate the prediction block, a video coder may
oultiply a matrix by the causal toraplate. For example, the video coder may select the
matrix {¢.g., a filter} on a sample-by-sample basis and mubtiply the matrx by the causal
template to calculate a predicted sample vahie for the sample. The matrix may be
selected according to an mira~-prediction direction, a size of the current block, a shape of
the current block, a posttion of the sample, and/or other characteristics of the current
block.

{8006] In one cxample, a method of decoding video data includes: generating a
prediction block for a current block of the video data using a sample position-dependent
mtra~prediction mode, including, for one or more samples of the prediction block:
selecting a filter for the sample according to a shape of the current block and a position
of the sample; and predicting the sample using the selected filter; decoding a residual
block for the current block of the video data; and combining the prediction block with
the residual block to decode the current block of the video data.

{0007} in another example, a device for decoding video data inchides: a memory for

storing video data; and a processing system tmplemented in circuitry and configured to:
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generating a prediction block for a current block of the video data using a sample
position-dependent intra-prediction mode, mcluding, for one or more samples of the
prediction block: select a filter for the sample according to a shape of the current block
and a position of the sample; and predict the sample using the selected filter; decode a
residual block for the current block of the video data; and combine the prediction block
with the residual block to decode the current block of the video data.

{0008] In another example, a method of encoding video data includes: generating a
prediction block for a current block of the video data using a sample posttion~-dependent
intra-prediction mode, including, for one or more samples of the prediction block:
selecting a filter for the sample according to a shape of the current block and a position
of the sample; and predicting the sample vsing the selected filter; forming a residual
block for the current block of the video data as a sample-by-sample difference between
the current block and the prediction block; and encoding the residual block and
prediction information representative of the sample position-dependent intra-prediction
mode for the current block.

[8009] In another example, a device for encoding video data ncludes: a memory for
storing video data; and a processing aystem implemented in circutry and configured to:
generate a prediction block for a current block of the video data using a sample
posttion-dependent intra~prediction mode, including, for one or more samples of the
prediction block: select a filter for the sample according to a shape of the current block
and a position of the sample; and predict the sample using the selected filter; form a
residual block for the current block of the video data as a sample-by-sample difference
between the current block and the prediction block; and encode the residual block and
prediction information representative of the sample position-dependent intra-prediction
made for the current block.

{0019} The details of one or more examples are set forth in the accompanying drawings
and the description below. (ther foatures, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{0811} FIG. | 15 a block diagram illustrating an example video encoding and decoding

system that may perform the techniques of this disclosure.
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{0012} FIG. 2 15 a conceptual diagram illustrating an example set of directions of intra-
prediction modes.

[8013] FIG. 3 15 a conceptual diagram itlustrating an example matrix intra prediction
{MIP) process.

{0014 FIG. 4 15 a block diagram ilustrating an example causal template for a current
block of video data according to technigues of this disclosure.

[0015] FIG. S is a block diagram dlustrating an example video encoder that may
perform the techniques of this disclosure,

[8016] FIG. 615 a block diagram llustrating an example video decoder that may
perform the technigues of this disclosure.

{0617} FIG. 7 1s a flowchart illustrating an example method for encoding a current
block 1 accordance with the technigues of this disclosure.

[3018] FIG. 8 15 a flowchart iflustrating an example method for decoding a carrent
block inn accordance with the techmiques of this disclosure.

{0019} FIG. 9 is a flowchart illustrating an example method of predicting a block of

video data according to techniques of this disclosure.

DETAILED DESCRIPTION

[8028] Video coding standards include FTU-T H 261, ISOAEC MPEG-1 Visual, ITU-T
H.262 or ISOAEC MPEG-2 Visual, ITU-T H.263, ISOAEC MPEG-4 Visual (MPEG-4
Part 2), ITU-T H 264 (also known as ISOAEC MPEG-4 AVC), inchading its Scalable
Video Coding {8V} and Multiview Video Coding (MVC) extensions, ITU-T H.265
{also known as ISO/IEC MPEG-4 HEVC) with its extensions, and ITU-T

H 266/ Versatile Video Coding (VV{). Research is ongoing to further improve coding
performance, mcluding development of an enhanced compression model (ECM).
{8621} Video coding generally includes partitioning frames of video data into blocks,
then coding each block. Coding a block generally includes forming a prediction block
for a current block, and coding a residual representing differences between the
prediction block and the original data for the current block. Prediction may be ntra~
frame (in which case the prediction block is generated from data of the current frame} or
inter-frame (in which case the prediction block is generated from data of a previcusly

coded frame).
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10022} According to the techuiques of thas disclosure, intra~-prediction may be
performed based on characteristics of a current block and/or, for each sample, a position
of the sample. In this manner, a prediction block may more accurately reflect the
original block, thereby reducing residual data for the current block and. thus, reducing a
bitrate of an encoded bitstrean.

{0823} FIG. 1 15 a block diagram illustrating an example video encoding and decoding
system 100 that may perform the technigques of this disclosure. The techniques of this
disclosure are generally directed to coding {(encoding and/or decoding) video data. In
general, video data includes any data for processing a video. Thas, video data may
nchide raw, uncoded video, encoded video, decoded (e.g., reconstructed) video, and
video metadata, such as signaling data.

{0024] As shown in FIG. 1, systern 100 1ncludes a source device 102 that provides
encoded video data to be decoded and displayed by a destination device 116, in this
exarmnple. In particular, source device 102 provides the video data to destination device
116 via a computer-readable medium 110, Source device 102 and destination device
116 may comprise any of a wide range of devices, including desktop computers,
notebook (1.¢., laptop} computers, mobile devices, tablet computers, set-top boxes,
telephone handscts such as smartphones, televisions, cameras, display devices, digital
media plavers, video gaming counsoles, video streaming device, broadcast receiver
devices, or the bike. 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.

{0025} 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 inclades
mput interface 122, video decoder 300, memory 120, and display device 118, In
accordance with this disclosure, video encoder 200 of source device 102 and video
decoder 300 of destination device 116 may be configured to apply the technigues for
performing sample position and block characteristic-dependent intra-prediction. Thus,
source device 102 represents an example of a video encoding device, while destination
device 116 represents an example of a video decoding device. In other examples. a
source device and a destimation device may nclade 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 16 may interface with an

external display device, rather than mechude an integrated display device.
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10026} Svstem 100 as shown i FIG. 1 15 merely one example. In general, any digital
video encoding and/or decoding device may perform technigues for sample position and
block characteristic-dependent intra-prediction. Source device 102 and destination
device 116 are merely examples of such coding devices in which source device 102
generates coded video data for transmission to destination device 116, This disclosure
refers to a “coding” device as a device that performs coding {encoding and/or decoding)
of data. Thus, video encoder 200 and video decoder 300 represent examples of coding
devices, m 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 each of source device 102 and destination device 116
nchides video encoding and decoding components. Hence, system 100 may support
one-way or two-way video transmission between source device 102 and destination
device 116, e.g., for video streaming, video playback, video broadcasting, or video
telephony.

{0027} In general, video source 104 represents a source of video data (i.¢., raw, uncoded
video data) and provides a sequential series of pictures {also referred to as “frames™) of
the video data to video encoder 200, winch encodes data for the pictures. Video source
104 of source deviee 102 may include a video capture device, such as a video camera, a
video archive containing previously captured raw video, and/or a video feed interface to
receive video from a video content provider. As a further alternative, video source 104
may gencrate computer graphics-based data as the source video, or a combination of
e video, archived video, and computer generated video. In each case, video encoder
200 encodes the captured, pre-captured, or computer-generated video data. Video
encoder 200 may rearrange the pictures from the received order (sometimes referred o
as “display order™) into a coding order for coding. Video encoder 200 may gencrate a
bitstream including encoded video data. Source device 102 may then output the
encoded video data via output interface 108 onto computer-readable medium 110 for
reception and/or retrieval by, ¢.g., input mterface 122 of destination device 116

[0028] Memory 106 of source device 102 and memory 120 of destination device 116
represent gencral purpose memorics. In some examples, memorics 106, 120 may store
raw video data, e.g., raw video from video source 104 and raw, decoded video data from
video decoder 300, Additionally or alternatively, memories 106, 120 may store
software instructions executable by, ¢.g., video encoder 200 and video decoder 300,

respectively. Although memory 106 and memory 120 are shown separately from video
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encoder 200 and video decoder 300 1o this example, 1t should be understood that video
encoder 200 and video decoder 300 may also include internal memories for functionally
similar or equivalent purposes. Furthermore, memories 106, 120 may store encoded
video data, ¢.g.. cutput from video encoder 200 and input to video decoder 300, In
some exaraples, portions of memories 106, 120 may be allocated as one or maore video
buffers, e.g., to store raw, decoded, and/or encoded video data.

{0029} Computer-readable medivm 110 may represent any type of medium or device
capable of transporting the encoded video data from source device 192 to destination
device 116, In one example, computer-readable medium 110 represents a
communication medium to enable source device 102 to transmit encoded video data
directly to destination device 116 in real-time, e.g., via a radio frequency network or
computer-based network, Output interface 168 may modulate a transnussion signal
mclading the encoded video data, and input interface 122 may demodalate the received
transmission signal, according to a communication standard, such as a wircless
comrnunication protocol. The communication medium may comprise any wircless or
wired commumcation medum, such as a radio frequency (RF) spectrum or one or more
physical transmission hnes. The communication medivm may form part of a packet-
based network, such as a local area network, a wide-area network, or a global network
such as the Iternet. The communication medium may include routers, switches, base
stations, or any other equipment that may be useful to facilitate commumication from
source device 102 to destination device 116.

16830} In some examples, source device 102 may output encoded data from output
interface 108 to storage device 112, Simlarly, destination device 116 may access
encoded data from storage device 112 via input interface 122, Storage device 112 may
inchide any of a variety of distributed or locally accessed data storage media such as a
hard drive, Blu-ray discs, DVDs, CD-ROMs, flash memory, volatile or non-volatile
memory, or any other suitable digital storage media for storing encoded video data.
{0031 In some exampies, source device 102 may output encoded video data to file
server 114 or another intermediate storage device that may store the encoded video data
generated by source device 102, Destination device 116 may access stored video data
from file server 114 via streaming or download.

{0832} File server 114 may be any type of server device capable of storing encoded
video data and transnutiing that encoded video data to the destination device 116, File

server 114 may represent a web server {e.g., for a website), a server configured to
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provide a file transfer protocol service (such as File Transfer Protocol (FTP) or File
Delivery over Unidirectional Transport (FLUTE) protocol), a content delivery network
{CDN) device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadcast
Multicast Service (MBMS) or Enhanced MBMS (e MBMS) server, and/or a network
attached storage {NAS) device. File server 114 may, additionally or alternatively,
mnplement one or more HT TP streaming protocols, such as Dynamic Adaptive
Streaming over HITP (DASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocal (RTSP), HTTP Dynarmic Streanung, or the like,

[8033] Destmation device 116 may access encoded video data from file server 114
through any standard data connection, including an Internet connection. This may
nchide a wireless channel (e.g.. a Wi-Fi connection), a wired connection {¢.g., digital
subscriber line {DSL), cable modem, eic.), or a combination of both that s suitable for
accessing encoded video data stored on file server 114, Input interface 122 may be
configured to operate according to any onc or more of the various protocols discussed
above for retrcving or receiving media data from file server 114, or other such
protocols for retrieving media data.

{8034} Output interface 108 and input interface 122 may represent wireless
transmitters/receivers, modems, wired networking components (¢.g., Ethemet cards),
wireless communication components that operate according to any of a variety of IEEE
802.11 standards, or other physical components. In examples where output interface
108 and mput interface 122 comprise wireless components, output interface 108 and
input interface 122 may be configured to transfer data, such as encoded video data,
according to a cellular commumication standard, such as 4G, 4G-LTE (Long-Term
Eveolution), ETE Advanced, 5, or the ke, In some examples where outpat interface
108 comprises a wircless transmitter, output interface 108 and input interface 122 may
be configured to transfer data, such as encoded video data, according to other wireless
standards, such as an IEEE 802.11 specification, an TEEE 802,15 specification {e.g.,
ZigBee™), a Bluctooth™ gtandard, or the hike. In some examples, source device 102
and/or destination device 116 may include respective system-on-a-chip {80C) devices.
For example, source device 102 may mclude an SoC device to perform the functionahty
attributed to video encoder 200 and/or output interface 108, and destination device 116
may include an Sol device to perform the functionality attributed to video decoder 300

and/or nput interface 122
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{0038} The techniques of this disclosure yoay be applied to video coding in support of
any of a variety of multimedia applications, such as over-the-air television broadcasts,
cable television transmissions, satellite television transmissions, Internet streaming
video transmissions, such as dynamic adaptive streaming over HUTP (DASH), digital
video that 1s encoded onto a data storage medium, decoding of digital video stored on a
data storage mediam, or other applications.

[0036] Input interface 122 of destination device 116 receives an encoded video
bitstrearn from computer-readable medium 110 {¢.g., a communication medium, storage
device 112, file server 114, or the hike). The encoded video bitstream may include
signaling mformation defined by video encoder 200, which is also used by video
decoder 300, such as syntax elements having values that describe characteristics and/or
processing of video blocks or other coded units {e.g., slices, pictures, groups of pictures,
sequences, or the like). Display device 118 displays decoded pictures of the decoded
video data to a user. Display deovice 118 may represent any of a variety of display
devices such as a liguid crystal display (LCD), a plasma display, an orgamic hight
emitting diode (OLED) display, or another type of display device.

{8037} Although not shown in FIG. 1, in some examples, video encoder 200 and video
decoder 300 may cach be integrated with an audio encoder and/or audio decoder, and
may nclude appropriate MUX-DEMUX units, or other bardware and/or software, to
handle multiplexed streams including both audio and video n a common data stream.
{8038] Video encoder 200 and video decoder 300 each may be implemented as any of a
variety of suitable encoder and/or decoder circuitry, such as one or more
microprocessors, digital signal processors (DSPs), application specific integrated
cirewits {ASICs), field programmable gate arrays (FPGAs), discrete logic, software,
hardware, firmware or any combinations thereof. When the techniques are implemented
partially m software, a device may store mstructions for the software in a suttable, non-
transitory computer-readable medium and execute the instructions in hardware using
one or more processors to perform the technigues of this disclosure. Each of video
encoder 200 and video decoder 300 may be included in one or more encoders or
decoders, either of which may be niegrated as part of a combined encoder/decoder
{CODEC) 1n a respective device. A device including video encoder 200 and/or video
decoder 300 may comprise an mtegrated circuit, a microprocessor, and/or a wireless

communication device, such as a cellular welephone.
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16039} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-TH.265, also referred to as High Efficiency Video Coding
{HEVC) or extensions thereto, such as the multi-view and/or scalable video coding
cxtensions. Alternatively, video encoder 200 and video decoder 300 may operate
according to other proprictary or mndustry standards, such as FTU-T H.266, also referred
to as Versatile Video Coding (VVC). In other examples, video encoder 200 and video
decoder 300 may operate according to a proprietary video codec/format, such as
AOMedia Video | {AV 1), extensions of AV 1, and/or successor versions of AV {e.g.,
AV2Y, Tn other examples, video encoder 200 and video decoder 300 may operate
according to other proprictary formats or mdustry standards. The techniqaes of this
disclosure, however, are not himited to any particufar coding standard or format. In
general, video encoder 200 and video decoder 3060 may be configured to perform the
technigues of this disclosure in conpunetion with any other video coding technigues.
16840} In gencral, 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 {¢.g., encoded, decoded, or otherwise used 1n the encoding and/or decoding
process). For example, a block may include a two-dimensional matrix of samples of
leminance and/or chrominance data. Tn general, video encoder 200 and video decoder
300 may code video data represented in a YUV {e.g, Y, Chb, Cr) format. That 1s, rather
than coding red, green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code lominance and chrominance components, where the
chrominance components may include both red hue and blue hue chrominance
components. In some examples, video encoder 200 converts received RGB formatted
data to a YUV representation prioy to encoding, and video decoder 300 converts the
YUV representation to the RGB format. Alternatively, pre- and post-processing units
{not shown} may perform these conversions.

{3841] This disclosure may generally refer to coding {¢.g., encoding and decoding} of
pictures to nchude the process of encoding or decoding data of the picture. Similarly,
this disclosure may refer to coding of blocks of a picture to include the process of
encoding or decoding data for the blocks, e.g., prediction and/or residual coding. An
encoded video bitstream generally includes a series of values for syotax elements
representative of coding decisions {¢.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.
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[08042] HEVC defines varnious blocks, including coding units (CUs), prediction units
{PUsg), and transform units (TUs}. Accordmg to HEVC, a video coder {such as video
encoder 200} partitons a coding tree unit (CTU) tnto CUs according {0 a guadiree
structure. That is, the video coder partitions CTUs and CUs into four equal, non-
overlapping squares, and cach node of the guadtree has either zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leaf
nodes may include one or more PUs and/or one or more TUs. The video coder may
further partition PUs and TUs. For example, m HEVC, a residuval quadtree (RQT)
represents partitioning of TUs. In HEVC, PUs represent mter-prediction data, while
TUs represent residual data. CUs that are mitra-predicted inchude intra-prediction
mformation, such as an intra-mode indication.

{0043} As another example, video encoder 200 and video decoder 300 may be
configured to operate according to VV. According o VVC, a video coder (such as
video encoder 200} partitions a picture into a plurality of coding tree uwnits {CTUs).
Video encoder 200 may partition a CTU according to a tree structure, such as a
guadtree-binary tree (QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT
structure removes the concepts of multiple partition types, such as the separation
between CUs, PUs, and TUs of HEVC. A QTBT structure includes two levels: a first
tevel partitioned according to quadtree partitioning, and a sccond level partitioned
according to binary tree partifioning. A root node of the QTBT structure corresponds to
a CTU. Leaf nodes of the binary trees correspond to coding units {CUs}).

[0044] In an MTT partitioning stracture, blocks may be partitioned using a quadtree
{QT) partition, a binary tree (BT) partition, and one or more types of triple tree (TT)
{also called ternary tree (TT)) partittons. A triple or temary tree partition is a partition
where a block is split into three sub-blocks. In some examples. a triple or ternary tree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitiomng types in MTT (e.g., QT, BT, and TT), may be
symunetrical or asymmetrical.

{0045] When operating according to the AV 1 codee, video encoder 200 and video
decoder 300 may be configured to code video data in blocks. In AV 1, the largest coding
block that can be processed 1s called a superblock. In AV, a superblock can be cither
128x128 luma samples or 64x64 luwa samples. However, in successor video coding
formats (.., AV2), a superblock may be defined by different (o.g., larger) luma sample

sizes. In some examples, a superblock 1s the top level of a block guadiree. Video

{616-428W001



WO 2025/151584 PCT/US2025/010869

Qualcomm Ref. No. 2402117TW0O i2

encoder 200 may further partition a superblock mto smaller coding blocks. Video
encoder 200 may partition a superblock and other coding blocks into smaller blocks
using square of non-square partitioning. Non-square blocks may nclude N/2xN,
NxN/2, N/4=xN, and NxN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on cach of the coding blocks.
[3046] AV also defines atile of video data. Atile is a rectangular array of superblocks
that may be coded independently of other tiles. That is, video encoder 200 and video
decoder 300 may encode and decode, respectively, codimg blocks within a tile without
using video data from other tiles. However, video encoder 200 and video decoder 300
may perform filtering across tile boandaries. Tiles may be uniform or non-unmiform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder tmplementations.

{3847} In some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent cach of the luminance and chrominance
components, while m other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures, such as one QTBT/MTT structure for the
huminance component and another QTBT/MTT structure for both chrominance
components {or two QTBT/MTT structures for respective chromnance componenis).
{0848} Video encoder 200 and video decoder 300 may be configured to use quadires
partitioning, QTBT partitoning, MTT partitioning, superblock partitioning, or other
partitioning structures.

{0049] In some exarmapies, a CTU includes a coding tree block (UTB) 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 is coded using three
scparate color plancs and syntax structures used to code the samples. A C'TB 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 may be an array or single sample from one of the
three arrays (luma and two chroma} for a picture in 4:2:0, 4:2:2, or 4:4:4 color format,
or an array or a single sample of the array for a picture in monochrome format. In some
exarnples, a coding block 1s an MxN block of saniples for some values of M and N such
that a division of a CTB nto coding blocks is a partifionming,

{08058] The blocks {e.g., CTUs or CUs) may be grouped in various ways in a picture.
As one exaraple, a brick may refer to a rectangular region of CTU rows withina

particular file 1 a picture. A tile may be a rectangular region of CTUs within a
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particular tile coluran and a particular tile row n a picture. A tile column refersto a
rectangular region of CTUs having a height equal 1o the height of the picture and a
width specified by syntax clements (¢.g., such as in a picture parameter set). Atile row
refers to a rectangular region of CTUs having a height specified by syntax elements
{c.g., such as 0 a picture parameter set) and a width equal to the width of the picture.
{0851} In some examples, a tile may be partitioned into multiple bricks, each of which
may include one or more CTU rows within the tile. A tile that is not partitioned into
multiple bricks rmay also be referred to as a brick. However, a brick that is a truc subset
of a tile may not be referred to as a tile. The bricks in a picture may also be arranged in
aslice. A shice may be an integer munber of bricks of a pictare that may be exclusively
contained in a single network abstraction laver (NAL) unit. In some cxamples, a slice
mchdes either a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

16052} This disclosure may vse “NxN” and “N by N” interchangeably to refor to the
sampie dimensions of a block (such as a CU or other video block) in terms of vertical
and horizontal dimensions, ¢.g., $6x16 samples or 16 by 16 samples. In general, a
1616 CU will have 16 samples in a vertical direction {y = 16) and 16 samplesina
horizontal direction {x = 16}. Likewise, an NaN CU generally has N samples in a
vertical direction and N saraples in a hortzontal direction, where N represents a
nonnegative integer value. The samples in a CU may be arranged 1 rows and colimns.
Moreover, CUs need not necessarily have the same mumber of samples in the horizontal
direction as in the vertical direction. For example, CUs may comprise NxM samples,
where M is not necessarily equal to N.

{8053} Video encoder 200 encodes video data for CUs representing prediction and/or
residual information, and other information. The prediction information indicates how
the CU 1s to be predicted in order to form a prediction block for the CU. The residual
mformation generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

{0054] To predict a CU, video encoder 200 may generally form a prediction black for
the CU through inter-prediction or intra-prediction. Inter-prediction gencrally refers to
predicting the CU from data of a previously coded picture, whereas mitra~-prediction
gencrally refers to predicting the CU from previousty coded data of the same picture.
To perform mter-prediction, video encoder 200 may zenerate the prediction block using

one or more motion vectors. Video encoder 200 may generally perform a motion search
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to identify a reforence block that closely matches the CU, ¢.g., in torms of differcoces
between the CU and the reference block. Video encoder 200 may calenlate a difference
metric using a sum of absolote difference {SAD), sum of squared differences (SSD),
mean absolute difference (MAD), mean squared differences {(MSD), or other such
difference calculations to determine whether a reference block closely matches the
current CU. In some examples, video encoder 200 may predict the current CU using
uni-directional prediction or bi-directional prediction.

{0055] Some examples of VVC also provide an affine motion compensation mode,
which may be considered an mter-prediction mode. Tn affine motion compensation
maode, video encoder 200 may determine two or more motion vectors that represent non-
translational motion, such as zoom in or out, rotation, perspective motion, or gther
iregular motion types.

[0056] To perform intra-prediction, video encoder 200 may select an ntra-prediction
mode to generate the prediction block. Some examples of VVC provide sixty-seven
mtra-prediction modes, including various directional modes, as well as planar mode and
DC mode. In general, video encoder 200 selects an ntra-prediction mode that describes
neighboring samples to a current block {e.g., a block of a CU} from which to predict
samples of the current block, Such samples may generally be above, above and to the
teft, or to the left of the current block in the same picture as the current block, assunung
video encoder 200 codes CTUs and CUs in raster sean order {eft to right, top to
bottom}.

{00587} 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
representing which of the various available mter-prediction modes is used, as well as
mtion information for the corresponding mode. For uni-directional or bi-directional
nter-prediction, for example. video encoder 200 may encode motion vectors using
advanced motion vector prediction (AMVP} or merge mode. Video encoder 200 may
use similar modes {6 encode motion vectors for affine motion compensation mode.
[0058] AV1 mcludes two general techniques for encoding and decoding a coding block
of video data. The two general techniques are ntra prediction {e.g., mira frame
prediction or spatial prediction) and inter prediction {e.g., inter frame prediction or
temporal prediction). In the context of AV 1, when predicting blocks of a current frame
of video data using an intra prediction mode, video encoder 200 and video decoder 300

do not use video data from other frames of video data. For most intra prediction modes,
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video encoder 200 encodes blocks of a current frame based on the difference between
sample vahies in the current block and predicted values generated from reference
samples in the same frame. Video encoder 200 determines predicted values generated
from the reference samples based on the intra prediction mode.

{0059} 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 residual block. represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce
transformed data m a transform domain instead of the sample domain. For example,
video encoder 200 may apply a discrete cosine transform (DCT), an indeger transform, a
waveiet transform, or 3 conceptually similar transform to residual video data.
Additionally, video encoder 200 may apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary transform (MDNSST), a
signal dependent transtorm, a Karbunen-Logve transfonm (KLT), or the like. Video
encoder 200 produces transform coetficients following application of the one or more
transforms.

{00690} As noted above, following any transforms to produce transtorm coefficients,
video encoder 200 may perform quantization of the transform coctiicients.
Quantization generally refers to a process in which transform coefficients are quantized
to possibly redace the amowunt of data used to represent the transform coefficients,
providing further compression. By performing the quantization process, video encoder
200 may reduce the bit depth associated with some or all of the transform coefficients.
For example, video encoder 200 may round an n-bit value down to an m-bit value
during quantization, where n 18 greater than m. In some exarmples, to perform
quantization, video encoder 200 may perform a bitwise right-shift of the value to be
quantized.

{8061} Following quantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matrix including the
quantized transform coctficients. The scan may be designed to place higher energy (and
therefore lower frequency) transform coefficients at the front of the vector and to place
lower energy (and therefore higher frequency) transform coefficients at the back of the
vector. In some examples, video encoder 200 may utilize a predefined scan order to

scan the quantized transform coefficients to produce a serialized vector, and then
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cutropy encode the quantized transform coctiicients of the vector. In other examples,
video encoder 200 may perform an adaptive scan. After scanning the quantized
transform cocfficients to form the one-dimensional vector, video encoder 200 may
cntropy encode the one-dimensional vector, ¢.g., according to context-adaptive binary
arithmetic coding ({CABAC). Video eucoder 200 may alse entropy encode values for
syntax elements describing metadata associated with the encoded video data for use by
video decoder 300 in decoding the video data.

16062} To perform CABAC, video encoder 200 may assign a context within a context
model to a symbol to be transmitted. The context may relate to, for example, whether
neighboring values of the symbol are zero-valaed or not. The probability determination
may be based on a context assigned to the symbol.

{0063} Video cncoder 200 may further generate svotax data, such as block-based svatax
data, picture-based svntax data, and sequence-based syntax data, to video decoder 300,
¢.g.. i a pictare header, a block header, a slice header, or other syntax data, such as a
sequence parameter set (SPS), picture parameter st (PPS), or video parameter set
{VPS). Video decoder 300 may likewise decode such syntax data to determine how to
decode corresponding video data.

{0064} In this manner, video encoder 200 may generate a bitstream including encoded
video data, ¢.g., svatax elements describing partitioning of a picture into blocks {e.g.,
ClUs) and prediction and/or residual information for the blocks. Ultimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{0065] In gencral, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decode the encoded video data of the bitstream. For example,
video decoder 300 may decode vahues for syntax elements of the bitstream using
CABAC in a manuner substantially sinular to, albeit reciprocal to, the CABAC encoding
process of video encoder 200. The syntax clements may define partitioning information
for partitioning of a picture into CTUs, and partitioning of cach CTU according to a
corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The syntax clements may further define prediction and residual information for blocks
{¢.g., CUs} of video data.

[8066] The residual information may be represented by, for example, quantized
transform coetficients. Video decoder 300 may inverse quantize and inverse transform
the guantized transform cocfficients of a block to reproduce a residual block for the

block. Video decoder 300 uses a signaled prediction mode (intra-~ or infer-prediction)
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and related prediction information {¢.g., motion information for inter-prediction) to
form a prediction block for the block. Video decoder 300 may then combine the
prediction block and the residual block (on a sample-by-sample basis) to reproduce the
original block. Video decoder 300 may perform additional processing, such as
performing a deblocking process to reduce visual antifacts along boundaries of the
block.

{0067} Per techmiques of this disclosure. video encoder 200 and video decoder 300 may
perform a sample position-dependent ntra-prediction mode. That s, for one or more
samples {¢.g., all samples or a subset of the samples) of the current block to be
predicted, video encoder 200 and video decoder 300 may select a filter for the sample
according to, ¢.g., a shape of the carrent block and a position of the sample, then predict
the sample using the selected filter. When fewer than all samples are predicted using a
sorresponding filter, vidso encoder 200 and video decoder 300 may interpolate the
predicted samples of an mtormediate prediction block to form a final prediction block.
The filter roay be a matrix of coefficients that video encoder 200 and video decoder 300
apply to a causal template neighboring the current block. For example, the causal
template may be a namber of samples to the left of and/or above the current block. In
some examples, video encoder 200 and video decoder 300 may determine a muaber of
lines of reference pixels neighborning the current block to include i the causal template
according to a size of the current block. The causal template may have a height that is
equal to or greater than {e.g., twice as large as) the height of the current block and/ora
width that is equal o or greater than {e.g.. twice as large as) the width of the current
block.

{8068} Video encoder 200 and video decoder 300 may enable or disable the sample
position-dependent intra-prediction mode according to one or more various criteria,
alone or in combination. For example, video encoder 200 may only use the sample
postiion-dependent intra prediction mode when a size of the current block 1s less than a
threshold, The size may correspond to an arca of the current block or a dimension, such
as a width and/or a height of the current block.

10069] Additionally or alternatively, video encoder 200 and video decoder 300 may
determine to use the sample position-dependent mntra-prediction mode based on an
aspect ratio for the current block. The aspect ratio may correspond to a ratio of the
width of the current block to the height of the current block. In some examples, video

encoder 200 and video decoder 300 may disable the sample position-dependent ntra-
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prediction mode when the current block is relatively narrow, ¢.g., where the width of the
current block 1s significantly different than the height of the current block.

{8074 Additionally or alternatively, video encoder 200 and video decoder 300 may
determine to use the sample position-dependent intra-prediction mode only for certain
determined mitra~-prediction angular modes, based on a size of the current block. For
example, for blocks having a width less than 32 samples and a height less than 32
samples, video encoder 200 and video decoder 300 may determine to use the sample
posttion-dependent intra-prediction mode for angular modes having index values of 0,
1, or {2+2%k) where k ts an mteger value between 0 and 32, mnclusive. As another
example, for blocks having dimensions greater than or equal to 32 {e.g., a width greater
than or equal to 32 or a height greater than or equal to 32), video encoder 200 and video
decoder 300 may determine to use the sample position~-dependent ntra-prediction mode
for angular modes having index values of 0, 1, or (2+4%k) where k is an integer value
between 0 and 16, inclusive.

3

16071} This disclosure may generally refer to “signaling” certain information, such as
syntax elements. The term “signaling” may generally refer to the communication of
valoes for syntax elements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal values for syntax clements in the bitstream. In
general, signaling refers to generating a value in the bitstrean. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially i real
time, or not i real time, such as might occur when storing syntax elements to storage
device 112 for later retrieval by destination device 116

{8072} FIG. 2 15 a conceptual diagram illustrating an example set of directions of intra-
prediction modes. In ITU-T H.266/VVC, 65 different directional intra-prediction
modes are used, as shown i FIG. 2. The intra-prediction modes further include planar
and DC modes, which may be considered non-dircctional. The directional intra-
prediction modes shown in FIG. 2 may apply to all block sizes and for both luma and
chroma intra predictions.

0073] In VVC and ECM, position-dependent prediction combination (PDPC) is an
ntrg prediction technique applied to luma and chroma coraponents. According to
PDPC, avideo coder (such as video encoder 200 or video decoder 300 of FIG. 1) may
combine an original intra prediction signal with unfiltered or filtered boundary reference
samples to generate a final prediction signal. According to VVC and ECM, the video

coder may apply PDPC to the following intra modes without signalling: planar, DC,
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horizontal, vertical, and the angular modes with positive angle (odes having mode
number less than 18 and greater than 50). In ECM, a gradient scheme of doing PDPC is
extended from horizontal/vertical modes to some of the angular modes.

{0074] This disclosure recoguizes that, although in VVC and ECM, POPC includes
posttion-dependent prediction of samples, PDPC 1s not applied to all available
directional modes. For example, from mode 19 to mode 49 (modes having prediction
from top-left), per VVC and ECM, PDPC 1s not applied. Moreover, conventional PDPC
according to VVC and ECM only uses | reference line to perform the prediction.
{8073} FIG. 3 15 a conceptual diagram itlustrating an example matnix intra prediction
{MIP} process. According to MIP, to predict the samples of a rectangular block 140 of
width W and height H. video encoder 200 or video decoder 300 may use neighboring
reference samples 142 including one line of H reconstructed neighboring boundary
samples left of the block and one line of W reconstnicted neighboring boundary samples
above the block as input. If the roconstructed samples are unavailable, video encoder
200 or video decoder 300 may generate the reconstructed samples as is done in
conventional intra prediction. The generation of the prediction signal may be based on
the following three steps, which are averaging, matrix vector multiplication, and linear
mterpolation, as shown in FIG. 3.

{3076} Various different size values {¢.g., three different size values) may be used for
MIP An mdex “ids” may be defined as follows. Foridxin {0, 1, 2} there are 16, 12,
and 6 matrices defined, which also defines the number of modes for that given wds.
Additionally, cach mode may be transposed, where the samples from left and above are
swapped before performing matrix-vector multiplication. 5o, additionally, a transpose
flag may be signaled (along with the mode signaling) when a coding anit (U1} 1s coded
using MIP.

{8077} FIG. 4 is a block diagram illustrating an example causal template for a current
block 130 of video data according to techniques of this disclosure. In particular, the
causal template for carrent block 130 in this example includes rows 132 and eolummns
134. There are T1 rows in rows 132, and rows 132 have a width of 2*W, where current
block 130 has a width of W. Likewise, there are T2 columns i columns 134, and
colurmns 134 have a height of 2%H, where current block 130 has a height of H.

18078] This disclosure describes techniques for performing sample position and block

charactenistic {e g, block shape, intra-mode, and characteristics of the template)
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dependent prediction of samples. To general, for a given block, a causal temoplate can be
defined, which could be used as reference samples to perform the intra-prediction.
{8079 In some examples, a matrix of coefficients may be defined. Video encoder 200
or video decoder 300 may multiply this matnix by the reference template to produce the
ntra prediction block for the current block. One matrix may correspond to one
predictor and there may be many matrices. Unhike MIP, for this technigae, matrices are
defined for conventional intra-prediction direction, and this matrix-based prediction
may replace a conventional intra-prediction process for conventional intra~-prediction
modes (unhke MIP, which is added as a new mode, and does not replace a conventional
intra-prediction direction}.
{00890] Such matrices may be specific to an intra direction, block size, block shape, or
the hike. The refercnce template and the matrix ttself may be subsampled by ditferent
subsampling factors to reduce memory storage and muliiplication complexity. The
subsarapling factor may depend on intra direction, block size, block shape, or the like.
Reference template size and shape may also depend on indra direction, block size, block
shape, or the like.
{8081} To reduce memory storage, several intra directions, block size, block shapes, and
so on may share the same matrix of coefficients. Similarly, some ingra directions, block
size, and/or block shapes may vot use this matrix, based intra prediction: thus, storing
the coefficients may not be required.
{0082] As shown in the FIG. 4, for current block 130 of dimensions W¥H, an L shaped
template (r), in one example, with dimensions of 2*W and 2*H as width and height,
may be used. In some examples, instead of 2¥W and 2%H for the teraplate dimensions,
any arbitrary dimension for the template can be chosen. In this example, rows 132
inchide T1 rows and columns 134 inchude T2 colummns. Thus, the teraplate includes a
total mumber of reference pixels N cqual to (TUF2¥W + T2¥2¥H+T1¥FT2). This
template mav be used to predict current block 130, having area M =W x H. Video
encoder 200 and video decoder 300 may form the prediction blocking using a
filter/matrix F, ¢ g., according to the following formula:

Py =2k F(xy k) rk)
8083} In this example, P(x, v} represents the value of a predicted sample at position {x,
v}, F(x. v, k) represents a filter coefficient for the filter/matnix, and r(k) represents the k*®

sample of the template jucluding rows 132 and coluans 134, In some examples,

{616-428W001



WO 2025/151584 PCT/US2025/010869

Qualcomm Ref. No. 2402117TW0O 21

Fix.v.k) could be made dependent on the block shape and intra prediction mode. i.¢.,
FOov k) = F(WH, mode,x,v,k).
{0084} In some examples, F(x,y.k} could be made dependent on the template
characteristics, 1.¢., different filiers could be applied depending on the degree of texture
ot smaoothoess of the template. For example, a high texture/high gradiont contaiming
template can use a different filter compared to a low gradient/smooth template.
{0083] In some other examples, n addition to the linear filtering, an offset term can also
be added to the final prediction signal.
[8086] In general, the filtering process is not hmited to linear filtering. Higher order
filtering may also be apphied. In some examples, the higher order filtering may be
represented by the following formula:

Plxy) = Zika Fxykoy k)
where n is an exponent factor, which may vary, for example, from 1 to some number N
farger than 1.
{0087} In some exampies, the filtering can also be applied to zero-mean signal, 1.¢,
before the filtening process, the mean can be subtracted, and after the prediction, the
mean can be added.
{0083] In some other examples, a flag may be used to enable/disable this filtering
process tor all blocks in a given block, shice, picture, or sequence levels.
{0089 In some examples, a CU/ACTU level flag can be used for this mode.
Alternatively, this technigue can be implicit and only be used for certain block
shapes/intra-modes. Moreover, if this technique 1s used, & can bypass the conventional
intra-prediction process.
{8094 In some examples, this technique can be disabled for non-regular wtra-
prediction mode such as decoder-side intra mode derivation (DIMD), template-based
ntra mode derivation (TTMD), multiple reference lines (MRL), spatial geometric
partition mode (SGPM}, or the like.
{0021 In some other examples, for SGPM, predictor from both segments can use this
technigue mstead of conventional intra-prediction, or altematively one of the segments
could use this technique (indication of which segroent may be cither implicit or
explicit).
{8092} In some examples, when the reference samples for the causal teraplate are

paritally available, padding can be used to generate the unavaiable pixels. In one
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example, the padding process can be similar to padding of reference pixels used n

VVC/ECM intra prediction.

[8093] The filter dimenstion is NxM, which could be large when N or M is large

cnough. Several technigues can be applied to reduce the memory consumption and

computational complexity of the prediction process. These criteria can be waplicit

(without signaling) or explicit (signaling) such as:

(]

This mode can only be applied to certain block sizes. For example, this
mode can be disabled for centain or larger block sizes. For example, if the
area is larger than a certain threshold, this techmque can be disabled.
Alternatively, if the maximuom {or minimum) dimension of the block 1s larger
than some threshold, this technique can be disabled.

In some examples, this technique can be applied to blocks having only
certain aspect ratios. In some examples, this technique is not applied to
blocks having narrow shapes.

For certain angular prediction modes, this technigue can be disabled. The set
of angufar prediction modes {e.g., the number of modes} can be different for
different block sizes. For example, for a block size with width and height
both lower than 32, the mode-set: {01 and (2+2%k) (k={0,32}}} 1s where
this technique can be applied, and for other sizes of blocks, the mode-set:
{01 and (2+4*%k) (k={0,16})} is where this techaigue can be applied. This
is to adjust the tradeoff between memory/coding complexity and
performance.

A number of reference lines used for doing the prediction can be adaptive
based on block size. For example, for smaller blocks, ¢.g., width and height
both less than 16 (4x4/4x8/8x4/8x8), 4 reference line can be vsed. For
middle sized blocks. where both height and width do not exceed 16
{4x16/8x16/16x16/16x8/16x16), two refercnce lines may be used. And for
other (larger) blocks (16x32/32x16/32x32), 1 reference line can be used.
This 15 to adjust the tradeoft between memorv/coding complexity and
performance.

For certain block sizes, the reference samples can be down-sampled (in order
to reduce the dimension) before being provided as an input to the filter (inpot

Pre-processing).
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e For certain block sizes, the prediction P{x,y} generated from the filier can be
of reduced dimension and subsequently up-sampled to mect the final
prediction signal dimensions. For example, for a block size of 32x32,
matrix-based prediction may generate values for 16x16 positions {quarter of
the actual block pixels} and other pixels of the block can be generated using
bilinear interpolation. Moreover, the 16x16 positions can be generated for
positions for which both x and v are odd, t.e, x%2==1 and y%2==1. As
another example, for a block size 32x16, only odd columns (x%2==1} may
be generated, and bilinear interpolation may be performed to gencrate values
for other pixels. Simtlarly, for a block size 16x32, only odd rows {v%62==1}
may be generated, and bilinear imterpolation may be performed to gencrate
other pixels. For the pixels near boundary positions, a nearest reference line
can be used to perform interpolation (like MIP). Moreover, asetof
interpolation filters can be defined per-mode o improve the quality of
wnterpolation.

¢ The sampling grid may be nop-uniform. The sampling pattern may depend
on the position of the sample inside the block. For example. a dense
sampling pattern may be used when the pixel position is near to the
boundary, and coarse sampling patterns can be used when the position is far
from the boundary. So, position/region dependent sarapling patterns can be
used.

s For certain-prediction modes, a reduced template size (instead of 2¥W and
2*H) can be used. For example, from mode 19 to mode 49, only template W
and H can be used, respectively, for width and height dimension (as for those
modes, top-right and/or bottom left pixels may not be that useful for the
prediction}.

s The filtcrs may have a syounetry feature, t.e., filters for predicting a block
WixH with intra~-mode m can be a transposed version of the filter for
predicting a block HxW with mode {67 — m}. {This is considering a total of
67 modes. However, if there are S modes with angles distributed similarly to
YV intra modes, WxH blocks with mode m would correspond to HxW

mode (5 - m}). Additionally, for some modes {(e.g., modes 0, 1, and 34}
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svrametry may not be peomitted, and for the rest modes, syounetry may be
permitted.

s For cortain modes, a reduced template pattern may be used for prediction,
and this patiem nught be different for different intra modes/block
shapes/template charactenstics.

[80%94] The matrix-based prediction method described above may be usedin a
corbination with other modes. There may be several distinet cases: the single mode
case and mode blending or fusion, where multiple prediction modes are blended
together with weights.

[0095] The matrix-based prediction modes may be considered to generate more
accurate predictors due to larger template sizes and more tailored towards a cortain
block shape and intra mode. In such cases, if the desceribed mode is used, then the
blending is not applied. For example, a blending of the intra predictions derived from
the closest reference line and other reference line may be performed. So, if the
described mode 1s used then such blending 1s not performed, because such blending may
reduce the accuracy of the prediction.

16096} In some exaraples, any blending or fusion or a combination is not applied with
the described method when an intra direction is explicitly signaled, to mamtain accuracy
of the ntra prediction.

{8097} However, for some classes of modes, intra mode is not exphicitly signaled and 1s
derived. Exarmples of sach modes are DIMD, TIMD, and the like. In such modes. the
ntra mode 1s derived using neighbor reconstructed samples by video encoder 260 and
video decoder 300, Multiple intra modes may be derived and blended together. In such
cases, since the intra direction is not signaled, it may not be as accurate when it is
explicitly chosen by video encoder 200 and signaled, and blending may be performed to
smooth out the potential discrepancy. In such cases, the descnibed matrix-based
prediction method may be used for those methods and with blending,.

{0093} in some examples, it may be expressed as follows: the described matrix-based
prediction method is applied to modes which are based on dertvation of the intra
direction, optionally without explicit intra direction signaling, and blending with
multiple intra directions is performed.

{6099} There are gencrally two types of intra modes: directional mntra prediction, such
as horizonal, vertical, diagonal and other angles, and non-directional intra mode, such as

planar and DC modes. The described matrix-based intra prediction may be used for
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directional-only modes. Alternatively, the descabed matrix-based mira prediction
method may be used for directional-only intra modes if blending, fusion, or any
combination of modes are utihized to form a final intra prediction.

{010¢] in some examples, the described matrix-based prediction method is applied in
DIMD mode, additionally when blending with swltiple devived modes is used.

{101} In some exampies, the combination with other modes, sach as BIMD, can be
restricted up to certain block sizes. For example, this matrix-based intra prediction can
be combined with DIMD when the both the block width and beight are smaller than a
threshold {e.g. threshold = 16}

{8102} FIG. 3 1s a block diagram ilhustrating an example video encoder 200 that may
perform the techniques of this disclosure. FIG. 5 is provided for purposes of
cxplanation and should not be considered limiting of the techoiques as broadly
exemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the technigques of VVC ITU-T

H 266, under development) and HEVC (JTU-T H.265). However, the techniques 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,

{6103} In the example of FIG. 5. video encoder 200 includes video data memory 230,
maode selection unit 202, residual generation unit 204, transform processing unit 206,
quantization unit 208, inverse gquantization wmt 210, inverse transtorm processing unit
212, reconstruction unit 214, filter unit 216, decoded picture buffer (DPB) 214, and
entropy encoding unit 220, Any or all of video data memory 230, mode selection umt
202, residual generation unit 204, transform processing unit 206, quantization unit 208,
mverse quantization unit 210, inverse transform processing unit 212, reconstruction unit
214, fiker untt 216, DPB 218, and entropy concoding unit 220 may be implemented in
ODE OF DIOTE Processors OF in processing cirawtry. For instance, the units of video
encoder 200 may be implemented as one or more circuits or logic elements as part of
hardware circuitry, or as part of a processor. ASIC, or FPGA. Morcover, video encader
200 may mnclude additional or altemative processors or processing circuitry o perform
these and other functions.

[0104] Video data memory 230 may store video data to be encoded by the components
of video encoder 200. Video encoder 200 may receive the video data stored in video

data memory 230 from, for example, video source 104 (FIG. 1). DPB 218 mayv actasa
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refercnce picture memory that stores refercuce video data for use in prediction of
subsequent video data by video encoder 200, Video data memory 230 and DPB 218
may be formed by any of a variety of memory devices, such as dynamic random access
memory (DRAM), including synchronous PRAM (SDRAM), magnetoresistive RAM
{(MRAM), resistive RAM (RRAM), or other types of memory devices. Video data
memory 230 and DPB 218 may be provided by the same memory device or separate
memory devices. Inn various examples, video data memory 230 may be on-chip with
other components of video encoder 200, as illustrated, or oft-chip relative to those
components.

{8105} 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 anderstood as refercnee memory
that stores video data that video encoder 200 receives for encoding (e.g., video data for
a current block that 1s to be encoded). Memory 106 of FIG. | may also provide
temporary storage of outputs from the vanous units of video encoder 200.

{8106} The various units of FIG. 5 are illustrated to assist with understanding the
operations performed by video encoder 200. The units may be implemented as fixed-
function circutts, programmable circuits, or a combination thereof. Fixed-function
circuits refer to circuits that provide particular functionality, and are preset on the
operations that can be performed. Programmable circuits refer to circuits that can be
programmed to perform various tasks. and provide flexible functionality in the
operations that can be performed. For instance, programmable circuits may execute
software or firmware that cause the programmable circuits {o operate in the manner
defined by instructions of the software or firmware. Fixed-function circuits may
cxecute software instructions {¢.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circuts perform are generally nustable. In
some examples, one or more of the units may be distinet cireuit blocks (fixed-function
or programmable), and in some examples, one or more of the units may be integrated
CIrcuits.

18107} Video encoder 200 may include arithmetic logic units (ALUs), clementary
function units {EFUS), digital circuits, analog circuits, and/or progranunable cores,
formed from programomable cucuits. In examples where the operations of video

encoder 200 are performed using software executed by the programmable circuits,
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memory 106 (FIG. 1) may store the nstructions {¢.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 mstructions.

{0108} Video data memory 230 is configured to store received video data. Video
encoder 200 may retrieve a picture of the video data from video data memory 230 and
provide the video data to residual generation anit 204 and mode selection unit 202
Video data in video data memory 230 may be raw video data that is to be encoded.
{0109} Mode selection unit 202 includes a motion estimation veit 222, a motion
compensation unit 224, and an mtra~-prediction unit 226, Mode selection unit 202 may
inchide additional functional units to perform video prediction m accordance with other
prediction modes. As examples, mode selection unit 202 may include a palette unit, an
mitra~-block copy unit {(which may be part of motion estimation unit 222 and/or motion
compensation unit 2243, an affine ami, a linear model {LM) unit, or the hike.

16119} Mode selection unit 202 generally coordinates multiple encoding passes to test
combinations of encoding parameters and resulting rate-distortion values for such
combinations. The encoding parameters may mchade partitioning of CTUs mto Cls,
prediction modes for the CUs, transform types for residual data of the CUs, quantization
parameters for residual data of the CUs, and so on. Mode selection wnit 202 may
ultimately select the combination of encoding parameters having rate-distortion values
that are better than the other tested combinations.

{8111} Video encoder 200 may parfition a pictare retrieved from video data memory
230 into a series of CTUs, and encapsulate one or more CTUs within a slice. Mode
selection untt 202 may partition a CTU of the pictore in accordance with a tree
structure, such as the MTT structure, GTBT structure, superblock stractare, or the quad-
tree structure described above. As described above, video encoder 200 may form one or
maore 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.”

{112] In general, mode selection wnit 202 also controls the components thereof {(e.g.,
motion estimation unit 222, motion compensation unit 224, and intra-prediction unit
226 1o generate a prediction block for a current block (e.g.. a current CU, or in HEVC,
the overlapping portion of a PU and a TU). For inter-prediction of a current block,
maotion estimation unit 222 may perform a motion search to identify one or more closely
matching reference blocks in one or more reference pictures {¢.2., one or more

previously coded pictures stored in DPB 218). In particular, motion estimation umt 222
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may calculate a value representative of how similar a potential reference block 1s to the
current block, e.g., according to sum of absoluie difference (SAD), sum of squared
differences {58D), mean absohute difference (MAD), mean squared differences (MSD,
or the like. Motion estimation vnit 222 may generally pertorm these calculations using
sample-by-sample differences between the current block and the reference block beng
considered. Motion estimation anit 222 may identify a reference block having a lowest
value resulting from these calculations, indicating a reference block that most closely
matches the current block.

[8113] Motion estimation unit 222 may form one or more motion vectors (MVs) that
defines the positions of the reference blocks in the reference pictures relative to the
position of the current block in a current picture. Motion estimation unit 222 may then
provide the motion vectors to motion compensation unit 224, For example, for uni-
directional inter-prediction, motion estimation umit 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 gencrate a
prediction block using the motion vectors. For example, motion compensation umt 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
nterpolate values for the prediction block according to one or more mterpolation filters.
Moreover, for bi-directional inter-prediction, motion compensation unit 224 may
retrieve data for two reference blocks identified by respective motion vectors and
combine the retrieved data, ¢.g., through sample-by-sample averaging or weighted
averaging.

{6114] When operating according o the AV video coding format, motion estimation
unit 222 and motion compensation unit 224 may be contfigured to encode coding blocks
of video data {¢.g., both luma and chroma coding blocks) using translational motion
compensation, affine motion compensation, overlapped block motion compensation
{(OBMC), and/or compound inter-intra prediction.

{0115} As another example, for intra-prediction, or mtra-prediction coding, intra-
prediction unit 226 may generate the prediction block from samples neighboring the
current block. For example, for directional modes, intra-prediction unit 226 may
gencrally mathematically combine values of neighboring samples and populate these
calculated values in the defined direction across the current block to produce the

prediction block. As another example, for DC mode, intra-prediction unit 226 may
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calculate an average of the neighboring samples to the current block and generate the
prediction block to mclade this resulting average for each sample of the prediction
block. Intra-prediction unit 226 may be configured to perform any of the various
techniques of this disclosure to perform sample position and block characteristic-based
ntra prediction.

{#116] When operating according to the AV1 video coding format, intra~-prediction umt
226 may be configured to encode coding blocks of video data {e.g_, both luma and
chroma coding blocks} using directional mira prediction, non-directional intra
prediction, recursive filter intra prediction, chroma-from-huma {(CFL) prediction, mtra
block copy (IBC), and/or color paletie mode. Mode selection unit 202 may include
additional functional units to perform video prediction in accordance with other
prediction modes.

{3117} Mode selection unit 202 provides the prediction block to residual generation vt
204. Residual gencration unit 204 receives a raw, uncoded version of the current block
from video data memory 230 and the prediction block from mode selection unit 202,
Residual generation unit 204 calculates sample-byv-sample differences between the
current block and the prediction block. The resulting sample-by-sample differences
define a residual block for the current block. In somwe examples, residual generation unit
204 may also determaine differences between sample values 1n the residual block to
generate a residual block using residual differential pulse code modulation (RDPUM).
In some examples, residual generation umt 204 may be formed vsing one or more
subtractor circuits that perform binary subtraction.

{0118} In examples where mode selection unit 202 partitions CUs mito PUs, each PU
may be associated with a luma prediction unit and corresponding chroma prediction
units. Video encoder 200 and video decoder 300 may support PUs having various sizes.
As indicated above, the size of a CU may refer to the size of the luma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PU.
Assuming that the size of a particalar CU 18 2Nx2N, video encoder 200 may support PU
sizes of ZNx2N or NxN for intra prediction, and synunetric PU sizes of 2Nx2N, ZNxN,
may also support asymmetric partitioning for PU sizes of 2MNxaU, ZNxnD3, nLx2N, and
oRxZN for inter prediction.

{0119] In examples where mode selection unit 202 does vot further partition a CU o

PUs, cach CU may be associated with a luma coding block and corresponding chroma
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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, 2NN, or Nx2N.

{8128] For other video coding techniques such as an intra-block copy mode coding, an
affine-mode coding, and hnear model (LM} mode coding, as some exanmples, mode
selection unit 202, via respective onits associated with the coding techniques, generates
a prediction block for the current block being encoded. In some examples, such as
paletic mode coding, mode selection unit 202 may not generate a prediction block, and
instead generate syntax elements that indicate the manner in which to reconstruct the
block based on a selected palette. In such modes, mode selection unit 202 may provide
these syntax elements 1o entropy encoding unit 220 to be encoded.

{3121} 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 gencrate the residual block,
residual generation unit 204 calculates sample-by-sample differences between the
prediction block and the current block.

{8122} Transform processing unit 206 applies one or more transforms to the residual
block to generate a block of transform coefficients (referred to herein as a “transform
cocflicicnt block™). Transform processing unit 206 may apply various transformsto a
residual block to form the transform coefficient block. For example, transform
processing unit 206 may apply a discrete cosine transform {BCT), a directional
transform, a Karhanen-Loeve transform (KLT), or a conceptually similar transform to a
residual block. Tn some examples, transform processing unit 206 may perform multiple
transforms to a residual block, e g, a pnmary 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.

{4123} When operating according to AV, transform processing unit 206 may apply one
or more transforms to the residual block to generate a block of transform coefficients
{referred to herein as a “transform coctficient block™). Transform processing unit 206
may apply various transforms to a residual block to form the transform cocfficient
block. For example, transform processing unit 206 may apply a honzontal/vertical
transform combination that may melude a discrete cosine transform (DCT), an
asymmetric discrete sine transfoum (ADST), a flipped ADST (e.g., an ADST m reverse

order), and an identity transform (IDTX). When using an identity transform, the
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transform 1s skipped in one of the vertical or honzontal directions. In some examples,
transform processing may be skipped.

[0124] Quantization unit 208 may quantize the transform coefficients in a transform
coefticient block, to produce a quantized transform coefficient block, Quantization unif
208 may quantize transform coctficients of a transform coefficient block according to a
quantization parameter (QP} valae associated with the current block. Video encoder
200 {e.g., via mode selection unit 202) may adjust the degree of gquantization applied to
the transformm cocfficient 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 onginal
transform coefficients produced by transform processing unit 206,

{03125} fnverse quantization untt 210 and mverse transform processing unit 212 may
apply inverse quantization and mverse transforms to a quantized transform coefficient
block, respectively, to reconstruct a residual block from the transform cocfficient block.
Recaonstruction unit 214 may produce a reconstructed block corresponding to the current
block {albeit potentially with some degree of distortion} based on the reconstructed
residaal block and a prediction block generated by mode selection wnit 202, For
cxample, reconstruction unit 214 may add samples of the reconstructed residual block to
corresponding samples from the prediction block generated by mode sclection urnut 202
to produce the reconstructed block.

{0126] Filter unit 216 may perform one or more filter operations on reconstructed
blocks. Forexample, filter unit 216 may perform deblocking operations to reduce
blockiness artifacts along edges of CUs. OUperations of filter unit 216 may be skipped,
in some examples.

{0127} When operating according to AV, filter unit 216 may perform one or more filter
operations on reconstructed blocks. For example, filter unit 216 may perform
deblocking operations to reduce blockiness artitacts along edges of CUs. In other
examples, filter unit 216 may apply a constrained directional enhancement filter
{CDEF), which may be applied after deblocking, and may include the application of
non-separable, non-linear, low-pass directional filters based on estimated edge
directions. Filter unit 216 may also include a loop restoration filter, which is applied
after CDEF and may include a separable symmetric normalized Wiener filter or a dual

self-guided filter.

{616-428W001



WO 2025/151584 PCT/US2025/010869

Qualcomm Ref. No. 2402117TW0O 32

16128} Video encoder 200 stores recounstructed blocks in DPB 218 For mstance, in
examples where operations of filier unit 216 are not performed, reconstruction umt 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 unat 222 and rootion compensation unit 224 may retrieve a
reference picture from DPB 218, formed from the reconstructed {and potentially
filtered) blocks, to mter-predict blocks of subseqguently encoded pictures. Inn addition,
mtra-prediction unit 226 may use reconstructed blocks i DPB 218 of a current picture
to intra~-predict other blocks in the current picture.

[8129] In general, entropy encoding unit 220 may entropy encode syntax elements
received from other functional components of video encoder 200. For example. entropy
encoding umit 220 may entropy encode guantized transform cocfficient blocks from
quantization unit 208. As another example, entropy encoding unit 220 may entropy
encode prediction syntax clements {¢.g., motion information for mter-prediction or
intra-mode mformation for intra-prediction) from mode selection unit 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
clements, which are another example of video data, to generate entropy-encoded data.
For example, entropy encoding unit 220 may perform a context-adaptive variable length
coding {CAVLC) operation, a CABAC operation, a vanable-to-vanable (V2V} length
coding operation, a syntax-based context-adaptive binary arithmetic coding (SBAC)
operation, a Probability Interval Partitioning Entropy {(PIPE} coding operation, an
Exponential-(Golomb encoding operation, or another tvpe of entropy encoding operation
on the data. In some examples, entropy encoding unit 220 may operate in bypass mode
where syntax elements are not entropy encoded.

{0138} Video encoder 200 may output a bitstream that includes the entropy encoded
syntax elements needed to reconstruct blocks of a slice or picture. In particular, entropy
encoding umit 220 may output the bitstream.

{3131} In accordance with AV 1, entropy encoding unit 220 may be configured as a
symbol-to-symbol adaptive multi-svmbol arithmetic coder. A syntax element m AV1
ncludes an alphabet of N elements, and a coniext {¢.g., probability model) includes a
set of N probabilities. Entropy encoding unit 220 may store the probabilities as n-bit
{¢.g., 15-bit} curmulative distribution functions {TDFs). Entropy encoding unit 22 may
perform recursive scaling, with an update factor based on the alphabet size, to update

the contexts.
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[0132] The operations described above are desenibed with respect to a block. Such
description should be understood as being operations for a luma coding block and/or
chroma coding blocks. As described above, in some examples, the luma coding block
and chroma coding blocks are huma and chroma components of a CU. In some
cxamples, the luma coding block and the chroma coding blocks are luma and chroma
components of a PU.

{0133} In some examples, operations performed with respect to a tluma coding block
need not be repeated for the chroma coding blocks. As one example, operations to
identify a motion vector (MV) and reference picture for a luma coding block need not
be repeated for identifying a MV and reference picture for the chroma blocks. Rather,
the 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 exanmple, the intra-
prediction process may be the same for the luma coding block and the chroma coding
blocks.

16134} FIG. 615 a block diagram illustrating an example video decoder 300 that may
perform the techmgues of this disclosure. FIG. 6 s provided for purposes of
explanation and 1s not limiting on the techniques as broadly exemplified and described
i this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the techniques of VVC (ITU-T H.266, under development} and HEVC
{TU-TH.2653. However, the technigues of this disclosure may be performed by video
coding devices that are configured to other video coding standards.

{0135] In the example of FIG. 6, video decoder 300 includes coded picture buffer
(CPB) memory 329, entropy decoding unit 302, prediction processing unit 304, inverse
quantization unit 306, mverse transform processing anit 308, reconstruction wt 310,
filter unit 312, and decoded picture buffer (DPB) 314, Any or alf of CPB memory 320,
entropy decoding untt 302, prediction processing unit 304, inverse quantization uni
306, inverse transform processing unit 308, reconstruction unit 310, filter unit 312, and
DPB 314 may be implemented in one or more processors o in processing circuitry. For
instance, the units of video decoder 300 may be implemented as one or more circuits or
logic elements as part of hardware circuitry, or as part of a processor, ASIC, or FPGA.
Moreover, video decoder 300 may include additional or altemative processors or
processing circuitry to perform these and other functions.

{8136} Prediction processing unit 304 jncludes motion compensation umt 316 and mtra-

prediction vnit 318, Prediction processing unit 304 may mcelude additional units to
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perforn prediction in accordance with other prediction raodes. As examples, prediction
processing unit 304 may mclude a paletie unit, an intra~-block copy unit (which may
form part of motion compensation unit 3163, an affine vwit, a Hinear model (LM} unit, or
the like. In other examples, video decoder 300 may include more, fower. or different
functional components.

{3137} When operating according to AV1, motion compensation unit 316 may be
configured to decode coding blocks of video data {e.g, both luma and chroma coding
blocks} using translational motion comapensation, affine motion compensation, OBMC,
and/or compound mter-intra prediction, as described above. Intra-prediction unit 318
may be configured {o decode coding blocks of video data (e.g., both huma and chroma
coding blocks) using directional intra prediction, non-directional intra prediction,
recursive filter intra prediction, CFL, intra block copy (1BC), and/or color paletic maode,
as described above. Intra-prediction unit 318 may be configured to perform any of the
various techniques of this disclosure to perform sample position and block
characteristic-based intra prediction.

[8138] CPB memory 320 may store video data, such as an encoded video bitstream, to
be decoded by the components of video decoder 300, The video data stored in CPB
memory 320 may be obtained, for example, from computer-readable medium 110 (FIG.
1), CPB memory 320 may melude a CPB that stores encoded video data (e.g., syotax
clements) from an encoded video bitstrearmn. Also, CPB memory 320 may store video
data other than syntax elements of a coded picture, such as temporary data representing
cutputs from the various uaits of video decoder 300, DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as reference video data when
decoding subsequent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by any of a varicty of memory devices, such as dynamic
random access memory (BRAM), including synchronous DRAM (SDRAM),
magnetoresistive RAM (MRAM), resistive RAM {RRAM), or other types of memory
devices. CPB memory 320 and DPB 314 may be provided by the same memory device
or separate memory devices. In various examples, CPB memeory 320 may be on-chip
with other componernts of video decoder 300, or off-chip relative to those components.
8139} Additionally or alternatively, in some examples, video decoder 300 may retrieve
coded video data from memory 120 (FIG. 1), That is, memory 120 may store data as
discussed above with CPB memory 320, Likewise. memory 120 may store instructions

to be executed by video decoder 300, when some or all of the functionality of video
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decoder 300 1s implemented in software to be executed by processing circuitry of video
decoder 300

[0149] The various umits shown in FIG. 6 are illustrated to assist with understanding the
operations performed by video decoder 300, The units may be implemented as fixed-
function circurts, programmable circuits, or a combination thereof. Similar to FIG . 5,
fixed-function circuits refer (o circuits that provide particelar functionality, and are
preset on the operations that can be performed. Programmable circuits refer to circuits
that can be programmed to perform various tasks, and provide flexible functionality in
the operations that can be performed. For mstance, programmable circuifs may execute
software or firmware that cause the programmable circunts fo operate in the manner
defined by instructions of the software or firmware. Fixed-function circuits may
cxecuie software mstructions {¢.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circutts perform are generally immutable. In
somge examples, one or more of the units may be distinet circuit blocks (fixed-function
or programmable), and in some examples, one or more of the unts may be integrated
circuts,

{8141} Video decoder 300 may mehude ALUs, EFUs, digital circuits, analog circuts,
and/or programmable cores formed from programmable circoits. In examples where the
operations of video decoder 300 are performed by software executing on the
programmable cireuits, on-chip or off-chip memory may store instructions {e.g., object
code) of the software that video decoder 300 recetves and executes.

19142} Entropy decoding unit 302 may receive encoded video data from the CPB and
eutropy decode the video data to reproduce syntax elements. Prediction processing unit
304, inverse quantization anit 306, inverse transform processing unit 308,
reconstruction unit 310, and filter unit 312 may generate decoded video data based on
the syntax clements extracted from the bitstream.

{3143} In general, vidoo decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconstniuction operation on each block individually
{where the block currently being reconstructed, 1.¢., decoded, may be referred toas a
“current block™).

8144} Entropy decoding unit 302 may entropy decode syntax clements defining
quantized transform coefficients of a quantized transform cocflicient block, as well as
transform information, such as a quantization parameter {QP) and/or transform mode

mdication(s). Inverse quantization unit 306 mayv use the QP associated with the
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quantized transform coctficient block to determine a degree of quantization and,
likewise, a degree of inverse guantization for nverse quantization anit 306 to apply.
Tnverse guantization ot 306 may, for example, perform a bitwise left-shift operation to
mverse quartize the quantized transform coefficients. Inverse quantization unit 306
may thercby form a transform coefficient block including transform cocfficients.
[1145] After inverse quantization unit 306 forms the transform coefficient block,
inverse transform processing unit 308 may apply one or more inverse transforms to the
transtorm coefficient block to generate a residual block associated with the current
block. For example, inverse transform processing unit 308 may apply an inverse DCT,
an inverse infeger transform, an mverse Karhunen-Loeve transform (KLT), an inverse
rotational transform, an inverse directional transform, or another inverse transform to
the transform coefficicnt block.

{4146} Furthenmore, prediction processing unit 304 generates a prediction block
according to prediction information syntax elements that were entropy decoded by
entropy decodmg unit 302, For exaraple. if the prediction mfomation syntax clements
indicate that the current block is inter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction information syntax elements
may indicate a reference pictare in DPB 314 from which to retrieve a reference block,
as well as a motion vector identifying a location of the reference block in the reference
pictare relative to the location of the current block 1 the current picture. Motion
compensation unit 316 may generally perform the inter-prediction process in a manner
that is substantially similar to that described with respect to motion compensation unit
224 (F1G. 5).

{8147} As another example, if the prediction information syntax elements indicate that
the cureent block is intra-predicted, mtra-prediction unit 318 may generate the
prediction block according to an intra-prediction mode indicated by the prediction
mformation syntax elements. Again, mira-prediction unit 318 may generally perform
the intra-prediction process in a manner that is substantially similar to that described
with respect to intra-prediction unit 226 (FIG. 3}, Intra-prediction unit 318 may retrieve
data of neighboring samples to the current block from DPB 314, ¢ g, from a causal
template.

{0148] Reconstruction unit 310 may reconstruct the current block using the prediction

block and the residual block. For example, reconstruction unit 310 may add samples of
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the residual block to corresponding samples of the prediction block to reconstruct the
current block.

{0149} Filter amit 312 may perform one or more filter operations on reconstructed
blacks. For example, filter unit 312 may perform deblocking operations to reduce
blockiness artifacts along edges of the reconstructed blocks. Operations of filter unit
312 are not necessarily performed in all examples.

[0158] Video decoder 300 may store the reconstructed blocks m DPB 314, For
mstance, m examples where operations of filter unit 312 are not performed,
reconstruction unit 310 mayv store reconstructed blocks to DPB 314, In examples where
operations of filter unif 312 are perfonmed, filter unit 312 may store the filtered
reconstructed blocks to DPB 314, As discussed above, BPB 314 may provide reference
mformation, such as samples of a current picture for mira~prediction and previously
decoded pictures for subsequent motion compensation, to prediction processing unif
304, Moreover, video decoder 300 may output decoded pictures (e.g.. decoded video)
from DPB 314 for subsequent presentation on a display device, such as display device
{18 of FIG. 1.

{8151} FIG. 7 15 a flowchart ilfustrating an example method for encoding a current
block 1n accordance with the technigues of this disclosure. The current block may
coraprise a current CU. Although described with respect to video encoder 200 (FIGS. 1
and 53}, it should be understood that other devices may be configured to perform a
method similar to that of FIG. 7.

{9152} in this example. video encoder 200 mitially predicts the current block (350}, For
example, video encoder 200 may form a prediction block for the current block, e.g.,
using a sample position-dependent intra-prediction mode per the techniques of this
disclosure, ¢ 2., as discussed in greater detail below with respect to FIG. 9 below. Video
encoder 200 may then calculate a residual block for the current block (352). To
calculate the residual block, video encoder 200 may calculate a difference between the
original, uncoded block and the prediction block for the current block. Video encoder
200 may then transform the residual block and guantize transform coefficients of the
residual block (354}, Next, video encoder 200 may scan the quantized transform
coefficients of the residual block (356). During the scan, or following the scan, video
eneoder 200 may entropy encode the transform coefficients (358}, For example, video
encoder 200 may encode the transform coefficionts using CAVLC or CABAC. Video

encoder 200 may then output the entropy encoded data of the block (360).
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16153} Video encoder 200 may also decode the current block after encoding the current
block, to use the decoded version of the current block as reference data for subsequently
coded data {¢.g., in infer- or intra-prediction modes). Thus, video encoder 200 may
mverse quantize and nverse transtform the coefficients to reproduce the residual block
{362}, Video encoder 200 may combine the residual block with the prediction block to
form a decoded block (364). Video encoder 200 may then store the decoded block in
DPR 218 (366).

10154} In this manner, the method of FIG. 7 represents av exaraple of a method of
encoding video data, including: generating a prediction block for a current block of the
video data using a sample position-dependent intra~-prediction mode, including, for one
or more samples of the prediction block: selecting a filter for the sample according to a
shape of the current block and a position of the sample; and predicting the sample using
the selected filter; forming a residual block for the current block of the video data as a
samapic-by-sample difference between the carrent block and the prediction block: and
encoding the residual block and prediction information representative of the sample
position-dependent intra-prediction mode for the current block.

{8188} FIG. 8 15 a flowchart illustrating an example method for decoding a current
block of video data in accordance with the technigques of this disclosure. The current
block may comprise a current CU. Although described with respect to video decoder
300 (FIGS. 1 and 6), it should be understood that other devices may be configured (o
perform a method similar to that of FIG. &,

{01586} Video decoder 300 may receive entropy encoded data for the current block, such
as entropy encoded prediction information and entropy encoded data for transform
coefficients of a residual block corresponding to the current block {370}, Video decoder
300 may entropy decode the entropy encoded data to deternine prediction information
for the current block and to reproduce transform coetficients of the residual block (372).
Video decoder 300 may predict the current block (374), ¢.g., using a sample position-
dependent intra~-prediction mode per the techniques of this disclosure, as indicated by
the prediction information for the current block and other characteristics of the current
block, ¢.g., per the techuiques of FIG. 9 below, to calculate a prediction block for the
current block. Video decoder 300 may then mverse scan the reproduced transform
coefticients {376), to create a block of quantized transform coefficients. Video decoder
300 may then inverse quantize the transform coefficients and apply an mverse transform

to the transform coefficients to produce a residual block (378). Video decoder 300 may
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wltimately decode the current block by combinung the prediction block and the residual
block (380).

{8157} In this manner, the method of FIG. & represents an example of a method of
decoding video data, including: generating a prediction block for a current block of the
video data using a sample position-dependent intra-prediction mode, including, for one
or more samples of the prediction block: selecting a filter for the sample according to a
shape of the current block and a position of the sample; and predicting the sample using
the selected filter; decoding a residual block for the current block of the video data; and
combining the prediction block with the residual block to decode the current block of
the video data.

{0158} FIG. 91s a tlowchart illustrating an example method of predicting a block of
video data according to techniques of this disclosure. The method of FIG. ¢ includes
predicting the block using a sample position-dependent intra-prediction mode per
tochnigues of this disclosure. The method of FIG. 9 may be performed by video
encoder 200, e.g., at step 350 of FIG. 7. Simularly, the method of FIG. 9 may be
performed by video decoder 300, e.g., at step 374 of FIG. 8. For purposes of example
and explanation, the method of FIG. 9 1s explained with respect to video decoder 300.
{0159] Initially, video decoder 300 may determine an angular prediction mode {400) for
a current block of video data. For example, video decoder 300 may recetve an index
value representative of the angular intra-prediction mode. Alternatively, video decoder
300 may perform a decoder-side angular ntra-prediction mode derivation technique,
such as DIMD, TIMD, MRL, SGPM.

10164} Video decoder 300 may then determine whether to use the sample position-
dependent intra-prediction mode techmigues of this disclosure for the current block
{402). This detcrmination may be based on, for example, any or all of a size of the
current block, an aspect ratio of the current block, the angular intra-prediction mode for
the current block, or the hike. In the example of FIG. 9, it 15 assumed that video decoder
300 determines to perform the sample position-dependent angular intra-prediction
mode.

{0161] Thus, video decoder 300 may determaine a set of samples of the current block for
which to perform the sample position-dependent angular intra-prediction mode. The set
of samples may be all samples of the current block or a subset of the samples of the
current block. If the set is a subset of the samples of the current block, afier predicting

values for each of the samples of the set, resulting in an intermediate prediction block,
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video decoder 300 may interpolate the values of the set to upsample the ntermediate
prediction block, thereby forming the final prediction block for the current block.
[8162] For each sampie of the set, video decoder 300 may select a filter for the sample
{404). Thus, different filters may be sclected for each sample of the set. Video decoder
300 may deternune the filter based on any or all of a size of the current black, a shape of
the current block, or a position of the sample in the corrent block.

{6163} Video decoder 300 may then predict the sample using the selected filter (406).
For example, video decoder 300 may detening a causal neighborhood to the current
block to which to apply the selected filter. The causal neighborhood may include one or
more lines of reference samples neighbonng the current block, and may be as wide or
wider and/or as tall or taller than the current block, e g., as shown in FIG. 4. Video
decoder 300 may apply the filter to the causal neighborhood to calculate a value for the
sample. Alternatively, in some examples, certain filters may be symmetrical to each
other for angular intra-prediction modes that arc opposite directions. For such angular
mtra-prediction modes, video decoder 300 may first transpose the selected filter, then
apply the transposed filter to the causal neighborhood to calculate a value for the
sample.

{0164} The following clauses represent various examples of the techoiques of this
disclosure:

{8165} Clause 1 A method of decoding video data, the method comprising: generating a
prediction block for a current block of the video data using an intra-prediction mode
according to a shape of the current block and characteristics of a causal template
neighboring the current block: decoding a residual block for the current block of the
video data; and combining the prediction block with the residual bloek to decode the
current block of the video data.

{8166} Clause 2: The method of clause I, wherein generating the prediction block
comprises mubtiplying a matrix of coefficients by the causal template to produce the
prediction block.

{0167} Clanse 3: The method of clause 2, further comprising selecting the matrix of
cocficients from a set of avaulable matrices according to one or more of a direction of
the intra-prediction, the shape of the current block, or a size of the carrent block.

{0168} Clause 4: The method of any of clauses 2 and 3, wherein multiplying the matrix

of coefficients by the causal teroplate comprises subsampling the matrix of coefficiends
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using a first subsampling factor and subsaropling the causal teraplate using a second
subsampling factor.

[8169] Clause 5: The method of clause 4, wherein at least one of the first subsampling
factor or the second subsampling factor corresponds to one or more of the direction of
the jotra-prediction, the shape of the current black, or the size of the current block.
{3178} Clause 6. The method of any of clauses 2--5, wherein the matrix of coefficients
corresponds to multiple directions of mtra-prediction, block sizes, or block shapes.
{0171] Clause 7: The method of any of clauses 1-6, wherein the current block has a
width of W and a height of H, and wherein the causal template includes at least one of
one or more 2*W-width rows of samples above the carrent block or 2%H-height
colomns of samples to the left of the current block.

{08172} Clause 8: The method of any of clauses |7, wherein generating the prediction
block includes applying a filter during generation of the prediction block,

16173} Clause 9: The method of clause &, wherein the filter comprises a linear filter.
[0174] Clause 10: The method of clause 8, wherein the fiklter comprises a filter having a
higher order than hnear.

{8175} Clanse 11: The method of any of clanses 810, wherein applving the filter
comprises: prior to applying the filter, subtracting a mean from an intermediate
prediction block to form a zero-mean prediction block; applying the filter to the zero-
mean prediction block to form a filtered prediction block; and adding the mean to the
filtered prediction block to generate the prediction block.

{0176} Clause 12: The method of any of clause 8-11, further comprising coding a flag
having a value mdicating that the filter s to be applied.

{8177} Clause 13: The method of clause 12, wherein coding the flag comprises coding
the flag in one or more of a header of the current block, a shice header for a shice
ncluding the current block, a picture parameter set (PPS), or a sequence parameter set
(SPS).

{3178} Clause 14: The method of any of clauses 1-13, wherewn the current block 1s to be
predicted using spatial geometric partition mode {SGPM), and wherein the prediction
block comprises a prediction block for a first segment of the current blogk.

{8179} Clause 13: The method of clause 14, further comprising generating a prediction
black for a second segment of the current block using conventional intra-prediction.
{0180] Clause 16: The method of clause 14, further comprising generating a prediction

block for a second segment of the current block using a second intra~-prediction mode
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according to the shape of the current block and charactenistics of the causal template
neighboring the current block.

[0181] Clause 17: The method of any of clauses 116, farther comprising adding
padding samples to the causal template when one or more samples to form the causal
template are not available.

{3182} Clause 18: The method of clanse 1, wherein generating the prediction block
comprises multiplying a matrix of coetficients by the causal template to produce the
prediction block.

6183} Claase 19: The method of clause 18, further comprising selecting the matrix of
coefficients from a set of available matrices according to one or more of a direction of
the intra-prediction, the shape of the current block, or a size of the current block.

{0184} Clause 20: The method of clause 18, wherem multiplying the matnix of
coeflicients by the causal template comprises subsampling the matrix of coefficients
using a first subsampling factor and subsampling the causal template using a second
subsampling factor,

[8185] Clause 21: The method of clause 20, wherein at lcast one of the first
subsampling factor or the second subsamphng factor corresponds to one or more of the
direction of the intra-prediction, the shape of the current block, or the size of the current
block.

[03186] Clause 22: The method of clause 18, wherem the matnx of coeflicients
corresponds to multiple directions of mtra-prediction, block sizes, or block shapes.
{0187} Clause 23: The method of clause 1, wherein the current block has a width of W
and a height of H, and wherein the causal template includes at least one of one or more
2*W-width rows of samples above the current block or 2¥H-height columns of samples
to the left of the current block.

{0188} Clause 24: The method of clause 1, wherein generating the prediction block
mcludes applying a filter during generation of the prediction block.

[3189] Clause 25 The method of clause 24, wherein the filter comprises a Hnear filter
{0199} Clanse 26: The method of clause 24, wherein the filter comprises a filter having
a higher order than linear.

18191} Clause 27: The method of clanse 24, wherein applying the filter comprises: prior
to applying the filter, subtracting 2 mean from an ntermediate prediction block to form

a zero-mean prediction block: applving the filter to the zero-mocan prediction block to
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form a filtered prediction block; and adding the mean to the filicred prediction block to
generaie the prediction block.

[8192] Clause 28: The method of clause 24, further comprising coding a flag having a
value indicating that the filter is to be applied.

{0193} Clause 29: The method of clause 28, wherein coding the flag comprises coding
the flag in one or more of a header of the current block, a shice header for a slice
including the current block, a picture parameter set (PPS), or a sequence parameter set
(SPS).

{8194} Clause 30: The method of clause 1, wherein the current block is to be predicted
using spatial geometric partiion mode {(SGPM]}, and wherein the prediction block
comprises a prediction block for a first segment of the current block.

{0195} Clause 3 1: The method of clause 30, further comprising generating a prediction
block for a second segment of the current block using conventional intra-prediction.
[0196] Clanse 32: The method of clause 30, further comprising generating a prediction
block for a second segment of the current block using a second ntra-prediction mode
according to the shape of the current block and characteristics of the causal template
neighboring the carrent block.

{0197} Clause 33: The method of clause 1, further comprising adding padding samples
to the causal temaplate when one or more samples to form the causal template are not
available.

{0198] Clause 34: The method of any of classes 1-33, further comprising encoding the
current block prior to decoding the current block.

{8199} Clanse 33; A device for decoding video data, the device comprising one or more
means for performing the method of any of clavses 1-34.

{8200} Clause 36: The dovice of clause 33, further comprising a display configured to
display the decoded video data.

{9201} Clause 37. The device of any of clauses 35 and 36, wherein the device comprises
one or more of a camera, a computer, 3 mobile device, 8 broadcast receiver device, ora
set-top box.

10202] Clause 38: The device of any of clauses 35-37, further comprising a memory
configured to store the video data.

{0203} Clause 39: A compuier-readable storage medium having stored thereon
mstructions that, when executed, cause a processor of a device for decoding video data

to perform the method of any of clauses 1-34.

{616-428W001



WO 2025/151584 PCT/US2025/010869

Qualcomm Ref. No. 2402117TW0O 44

6204} Clanse 40: A device for decoding video data, the device comprising: means for
generating a prediction block for a current block of the video data using an ntra-
prediction mode according to a shape of the current block and characteristics of a causal
template neighboring the current block; means for decoding a residual block for the
current block of the video data; and means for combining the prediction block with the
residual block to decode the current block of the video data.

[0205] Clanse 41: A method of decoding video data, the method comprising: gencrating
a prediction block for a current block of the video data using a sample position-
dependent intra~-prediction mode, including, for one or more samples of the prediction
block: selecting a filter for the sample according to a shape of the current block and a2
position of the sample; and predicting the sample vsing the selected filter; decoding a
residual block for the current block of the video data; and combining the prediction
block with the residual block to decode the current block of the video data.

16206} Clause 42: The method of clause 41, wherein the filter comprises a matrix of
cocfficients, and wherein predicting the sampie comprises multiplying the matrix of
coefficients by a causal template neighboring the current block.

{8207} Clause 43: The method of clause 42, further comprising selecting the matrix of
cocfficients from a set of available matrices according to one or more of a direction of
the intra-prediction or a size of the current block.

[0208] Clause 44: The method of clause 42, wherem multiplyving the matnx of
coeflicients by the causal template comprises subsampling the matrix of coefficients
using a first subsampling factor and subsampling the causal teraplate using a second
subsampling factor to generate an miermediate prediction block.

[8209] Clause 43: The method of clause 44, wherein at feast one of the first
subsampling factor or the second subsampling factor corresponds to one or more of the
direction of the intra-prediction, the shape of the current block, or the size of the current
block.

{0218} Clause 46 The method of clause 41, further comprising determining to use the
sample position intra-prediction mode based on a size of the current block being below
a threshold.

[8211] Clause 47 The method of clause 46, wherein the size corresponds to one of an
area of the current block, a width of the current block, or a height of the current block,
{0212] Clause 48: The method of clause 41, further comprising deternuning to use the

sample position intra-prediction mode based on an aspect-ratio for the current block.
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16213} Clanse 49: The method of clause 41, further comprising determining to use the
sample position ntra~prediction mode when: a width of the current block is less than 32,
the height of the current block 1s less than 32, and a signaled angular intra prediction
maode for the current block has an index value of one of 0, 1, or (242*%k) wherc k is an
mteger value between 0 and 32; or the width of the current block is greater than or equal
to 32 or the height of the current block is greater than or equal to 32, and the signed
angular intra prediction mode for the current block has the mdex value of G, 1, or
(2-+4%k) where k 15 an nteger value between 0 and 16

{8214} Clause 50: The method of clause 41, wherein predicting the sample using the
selected filter comprises: deternmining a number of reference lines of neighboring
samples to the current block to which to apply the selected filter according to a size of
the current block; and applving the selected filier to the number of reference lines of
neighboring samples.

[0218] Clanse 51: The method of clause 41, wherein generating the prediction block
comprises: predicting a subsampled set of samaples using respective filters for the
subsampled set of samples to form an mtermediate prediction block; and upsampling the
intermediate prediction block to form the prediction block.

{0216] Clause 32: The method of clause 41, wherem the current block has a width of W
and a height of H, and wherein a causal template to which the filter 1s to be applied
mcludes at least one of one or more 2¥W-width rows of samples above the current
block or 2*H-height columns of samples to the left of the current block.

{0217} Clause 53: The method of clause 41, wherein the current block has a width of W
and a height of H, and when a signaled angular mtra prediction mode for the current
block has an mdex value between 19 and 49, a causal template to which the selected
filter is to be applied includes a W-width rows of samples above the current block and
an H-height columus of samples to the left of the current block.

[0218] Clause S4: The method of clause 41, further comprising transposing the selected
filter to form a transposed filter, wherein predicting the sample using the selected filter
comprises predicting the filter using the transposed filter.

{0219] Clause 55: The method of clause 41, whercm generating the prediction block
comprises generating the prediction block using a decoder-derived intra prediction
mode.

{0220] Clause 56: The method of clause 35, wherem the decoder-denived intra

prediction mode comprises one of decoder-side intra mode dernvation (DIMD),
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template-based intra mode derivation (TIMD), multiple reference lines (MRL), or
spatial geometric partition mode (SGPM).

[0221] Clause 57: A device for decoding video data, the device comprising: a memory
for storing video data; and a processing system implemented in cireuitry and configured
to: generating a prediction block for a current block of the video data using a sample
posttion-dependent intra-prediction mode, including, for one or more samples of the
prediction block: sclect a filter for the sample according to a shape of the current block
and a postiion of the sample; and predict the sample vsing the selected filter; decode a
residual block for the awrrent block of the video data; and combine the prediction block
with the resideal block to decode the carrent block of the video data.

{0222} Clause 58: The device of clause 57, wherein the processing system is further
configured to use the sample position mira~prediction mode based on a size of the
carrent block being below a threshold.

[0223] Clanse 59 The device of clause 57, wherein the processing system is further
configured to use the sample position intra-prediction mode based on an aspect-ratio for
the current block.

[8224] Clanse 60: The device of clause 57, wherein the processing system is further
configured to use the sample position intra-prediction mode when: a width of the
current block 15 less than 32, the height of the current block is less than 32, and a
signaled angular intra prediction mode for the current block has an index value of one of
0, 1, or 242%Kk}y where k is an infeger valve between O and 32; or the width of the
current block is greater than or equal to 32 or the height of the current block is greater
than or equal to 32, and the signed angular intra prediction mode for the current bloc
has the index vahue of 0, 1, or €2-+4%k) where k is an integer value between 0 and 16
[0225) Clause 61: The device of clause 57, wherein to predict the sample using the
selected filter, the processing system is configured to: determine a number of reference
Iines of neighboring samples to the current block to which to apply the selected filter
according to a size of the current block; and apply the selected filter to the number of
reference lines of neighboring samples.

{0226] Clause 62: The device of clause 57, whercin to generate the prediction block, the
processing system is configured to: predict a subsampled sct of samples using respective
filters for the subsampled set of samples to form an intermediate prediction block; and

upsample the intermediate prediction block to form the prediction block,

{616-428W001



WO 2025/151584 PCT/US2025/010869

Qualcomm Ref. No. 2402117TW0O 47

10227} Clanse 63: The device of clause 57, wherein the current block has a width of W
and a height of H, and wherein a causal ternplate to which the filter is to be applied
mechudes at least one of one or more 2*¥W-width rows of samples above the carrent
black or Z*H-height columns of samples to the left of the current block.

{0228] Clause 64: The device of clause 57, wherein the current block has a width of W
and a height of H, and when a signaled angular intra prediction mode for the current
block has an index value between 19 and 49, a causal template to which the selected
filter is to be applied includes 3 W-width rows of samples above the current block and
an H-height columns of samples to the left of the current block.

8229} Clanse 63: The device of clause 57, wherein the processing svstem is further
configured to transpose the selected filter to form a transposed filter, wherein to predict
the sample using the selected filter, the processing system is configured to predict the
filter using the transposed filter.

16230} Clause 66: The device of clause 537, wherein to generate the prediction block, the
processing system is further configured to generate the prediction block using a
decoder-derived intra prediction mode, the decoder-derived mtra prediction mode
comprising one of decoder-side intra mode derivation (BIMD), template-based intra
made derivation {TIMD), multiple reference lines (MRL}, or spatial geometric partition
mode (SGPM).

{9231} Clause 67: The device of clause 57, further comprising a display configured to
display the decoded video data.

10232] Clause 68: The device of clause 37, wherein the device comprises one or more
of a camera, a computer, a mobile device, a broadeast receiver device, or a set-top box.
{8233} Clause 69: Amethod of encoding video data, the method comprising: generating
a prediction block for a current block of the video data using a sample position-
dependent intra~-prediction mode, including, for one or more samples of the prediction
block: selecting a filter for the sample according to a shape of the current block and a
posttion of the sample; and predicting the sample using the selected filter; forming a
residual block for the current block of the video data as a sample-by-sample difference
between the current block and the prediction block: and encoding the residual block and
prediction mnformation representative of the sample position-dependent intra-prediction
maode for the current block.

{8234} Clause 70: A device for encoding video data, the device comprising: a memory

for storing video data; and a processing system mmplemented m cireunitry and configured
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to: generate a prediction block for a current block of the video data using a sample
position-dependent intra-prediction mode, mcluding, for one or more samples of the
prediction block: select a filter for the sample according to a shape of the current block
and a position of the sample; and predict the sample using the selected filter; form a
residual block for the current block of the video data as a sample-by-sample difference
between the carrent block and the prediction block; and encode the residual block and
prediction information representative of the sample position-dependent intra-prediction
mode for the current block.

[8238] It i3 to be recogmized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether (.., not all described acts or evends are necessary
for the practice of the techniques). Morcover, 1n certain examples, acts or events may
be performed concurrently, e.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

6236} In one or more examples, the functions described may be mmplemented in
hardware, software, fimmware, or any combination thereof. If mplemented wn software,
the functions may be stored on or transmitted over as one or more instractions or code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or commumnication media
mclading any medinnm that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {23 a communication medivm such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
00 OF BOTE COMPULETS OF ONE OF THOTE Processors to retricve instructions, code and/or
data structures for implementation of the techmigues described in this disclosure. A
computer program prodact may mclade a computer-readable medium.

{0237} By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, maguetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of instractions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a

computer-readable medium. For example, if instructions are fransmitted from a
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website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber hine (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and nucrowave are included in the definition of
medum. Tt should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical dise, digital versatile disc
{DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduoce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

{0238] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs}, general purpose microprocessors, apphcation specific
integrated circuits {ASICs), field programmable gate arravs (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the terms “processor” and
“processing cirenitry,” as used herein may refer to any of the foregoing structures or any
other structure suitable for implementation of the technigues described herein. In
addition, in some aspects, the functionality described herein may be provided within
dedicated hardware and/or software modules configured for encoding and decoding, or
meorporated in a combined codec. Also, the techmgues could be fully implemented in
one or more circuits or logic elements.

{0239} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, includmg a wireless handset, an integrated cirewtt {(IC) or a set of
ICs (e.g., a chip set}. Vartous components, modules, or anits are deseribed in this
disclosure to emphasize functional aspects of devices contigured to perform the
disclosed technigues, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined 1n a codec hardware
unit or provided by a collection of iteroperative hardware units, mehuding one or more
processors as described above, in conjunction with suitable software and/or firmware.
{0249] Various examples have been deseribed. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:
1. A method of decoding video data, the method comprising:

generating a prediction block for a current block of the video data using a
sample position-dependent intra-prediction mode, including, for one or more samples of
the prediction block:

selecting a filter for the sample according to a shape of the current block
and a position of the sample; and
predicting the sample using the selected filter;
ecoding a residual block for the current block of the video data; and
combining the prediction block with the residual block to decode the current

block of the video data.

2. The method of claim 1, wherein the filter comprises a matrix of coefficients, and
wherein predicting the sample comprises multiplying the matrix of cocflicients by a

causal template of samples neighboring the current block.

3. The method of claim 2, further comprising selecting the matrix of coefficients
from a set of available matrices according to one or more of a direction of the wntra-

prediction or a size of the current block.

4. The method of claim 2, wherein multiplving the matrix of coefficients by the
causal template comprises subsampling the matnix of coefficients using a first
subsampling factor and subsampling the causal template using a second subsampling

factor to generate an inteomediate prediction block.

5. The method of claim 4, wherein at least one of the first subsampling factor or the
second subsampling factor corresponds to one or more of a direction of the intra-

prediction, the shape of the current block, or a size of the current block.
6. The method of claim 1, further comprising determining to use the sample

position-dependent intra-prediction mode based on a size of the current block being

below a threshold.
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7. The method of claim 6, wherein the size corresponds to one of an area of the

current block, a width of the current block, or a height of the current block.

8. The method of claim 1, frther comprising determining to use the sample

posttion-dependent intra-prediction mode based on an aspect-ratio for the current block.

9. The method of claim 1, further comprising determining to use the sample
posttion-dependent intra~prediction mode when:

a width of the current block 1s less than 32, a height of the current block 1s less
than 32, and a signaled angular intra prediction mode for the current block has an index
value of one of 0, 1, or (2+2*k) where k 15 an integer value between 0 and 32; or

the width of the current block is greater than or equal 1o 32 or the height of the
current block is greater than or equal to 32, and the signed angular intra prediction mode
for the current block has the index value of 0, 1, or (2+4%k) where k 15 an integer value

between § and 16.

10, The method of claim 1, wherein predicting the sample using the selected filter
comprises:
determining a number of reference lines of neighboring samples to the current
block to which to apply the sclected filter according to a size of the current block; and
applying the selected filter to the nurmber of reference hines of neighboring

samples.

11, The method of claim I, wherein gencrating the prediction block comprises:
predicting a subsampled set of samples using respective filiers for the
subsampled set of samples to form an mtermediate prediction block; and

upsampling the intermediate prediction block to form the prediction block.

12, The method of claim 1, wherein the current block has a width of W and a height
of H, and wherein a causal teraplate to which the filter is to be applied includes at least
one of one or more 2¥Wewidth rows of samples above the current block or 2*H-height

columms of samples to the left of the current block.
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13, The method of claim i, wherein the current block has a width of W and a height
of H, and when a signaled angular intra prediction mode for the current block has an
mdex value between 19 and 49, a causal template to which the selected filter is to be
applied includes a W-width rows of samples above the current block and an H-height

columns of samples to the left of the current block.

14, The method of claim 1, further comprising transposing the selected filter to form
atransposed filter, wherein predicting the sample asing the selected filter comprises

predicting the filter using the transposed filter

15, The method of claim L, wherein geverating the prediction block comprises

generating the prediction block using a decoder-derived intra prediction mode.

16.  The method of claim 135, wherein the decoder-derived intra prediction mode
comprises one of decoder-side intra mode derivation (BIMD)}, template-based intra
mode dertvation (TIMD), multiple reference lines (MRL), or spatial geometric partition

mode (SGPM).

17. A device for decoding video data, the device comprising:
amemory for storing video data; and
a processing system implemented in circuitry and countigured to:
generating a prediction block for a current block of the video data using a
sample position-dependent intra~-prediction mode, including, for one or more
samples of the prediction block:
select a filter for the sample according to a shape of the current
block and a posttion of the sample; and
predict the sample using the selected filter;
decode a restdual block for the current block of the video data; and
combine the prediction block with the residual block to decode the

current block of the video data.
18.  The device of claim 17, wherein the processing system is further configured to

use the sample position-dependent intra-prediction mode based on a size of the current

block being below a threshold.
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19, The device of claim 17, wherein the processing systen is further configured to

use the sample position-dependent intra~-prediction mode based on an aspect-ratio for

the current block.

20, The device of claim 17, wherein the processing systom 1s further configured to
use the sample posttion-dependent mtra-prediction mode when:

a width of the current block is less than 32, a height of the current block is less
than 32, and a signaled angular intra prediction mode for the current block has an index
value of one of 0, 1, or (2+2*k) where k 15 an mteger value between O and 32; or

the width of the current block is greater than or equal to 32 or the height of the
current block 15 greater than or equal to 32, and the signed angular mtra prediction mode
for the current block has the index value of §, 1, or {2+4%k) where k is an integer value

between § and 16,

21, The device of claim 17, wherein to predict the sample using the selected filter,
the processing system is configared to:

determine a number of reference lines of neighboring samples to the current
block to which to apply the selected filter according to a size of the current block; and

apply the selected filter to the number of reference lines of neighboring samples.

22, The device of clamm 17, wherein to generate the prediction block, the processing
system s configured {o:

predict a subsampled set of samples using respective filters for the subsampled
set of samples to form an intermediate prediction block; and

apsample the intermediate prediction block to form the prediction block.

23, The device of claim 17, wherein the carrent block has a width of W and a height
of H. and wherein a causal template to which the filter is to be applied includes at least
one of one or more 2*¥*W-width rows of samples above the current block or 2¥H-height

colomns of samples to the left of the current block.
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24, The device of claim 17, wherein the current block has a width of W and a height
of H, and when a signaled angular intra prediction mode for the current block has an
mdex value between 19 and 49, a causal template to which the selected filter is to be
applied includes a W-width rows of samples above the current block and an H-height

columns of samples to the left of the current block.

25, The device of claim 17, wherein the processing systent is further configured to

transpose the selected filter to form a transposed filter, wherein to predict the sample
using the selected filter, the processing system is configured to predict the filter using

the transposed filter.

26.  The device of claim 17, wherein to generate the prediction block, the processing
system is further configured to generate the prediction block using a decoder-denved

intra prediction mode, the decoder-derived mtra prediction mode comprising one of
decoder-side intra mode denvation (BIMD}, template-based intra mode denivation
{(TIMD}, multiple reference hnes (MRL), or spatial geometric partition mode {SGPM).
27, The device of claim 17, further comprising a display configured to display the

decoded video data.

28. The device of claim 17, wherein the device comprises one or more of 3 camera,

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

29 A method of encoding video data, the method comprising:
generating a prediction block for a current block of the video data using a
sample position-dependent intra-prediction mode, including, for one or more samples of
the prediction block:
selecting a filter for the sample according to a shape of the current block
and a position of the sample; and
predicting the sample using the selected filter;
forming a residual block for the current block of the video data as a sample-by-
sample difference between the current block and the prediction block; and
encoding the residual block and prediction information representative of the

sampie posttion-dependent intra-prediction mode for the current block.
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30. A device for encoding video data, the device comprising:
a memory for storing video data; and
a processing systemn implemented 1o circpitry and configured to:
generate a prediction block for a current block of the video data using a
sample posttion-dependent intra~-prediction maode, including, for one or more
samples of the prediction block:
select a filter for the sample according to a shape of the current
block and a position of the sample; and
predict the sample using the selected filter;
form a residual block for the current block of the video data as a sample-
by-sample difference between the current block and the prediction block; and
cucode the residual block and prediction 1nformation representative of

the sample position-dependent intra-prediction mode for the carrent block.
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