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CODING RUN VALUES BASED ON PALETTE INDEX
IN PALETTE-BASED VIDEO CODING
[0001] This application claims priority to U.S. Provisional Application No. 62/002,717, filed
May 23,2014, U.S. Provisional Application No. 62/009,772, filed June 9, 2014, U.S.
Provisional Application No. 62/015,261, filed June 20, 2014, U.S. Provisional Application
No. 62/019,223, filed June 30, 2014, U.S. Provisional Application No. 62/059,659, filed
October 3, 2014, and U.S. Provisional Application No. 62/065,526, filed October 17, 2014.

TECHNICAL FIELD

[0002] This disclosure relates to video encoding and decoding.

BACKGROUND

[0003] Digital video capabilities can be incorporated into a wide range of devices, including
digital televisions, digital direct broadcast systems, wireless broadcast systems, personal
digital assistants (PDAs), laptop or desktop computers, tablet computers, e-book readers,
digital cameras, digital recording devices, digital media 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 compression techniques, such as those described in the standards defined by
MPEG-2, MPEG+4, ITU-T H.263, ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding
(AVC), the High Efficiency Video Coding (HEVC) standard presently under development,
and extensions of such standards. The video devices may transmit, receive, encode, decode,
and/or store digital video information more efficiently by implementing such video
compression techniques.

[0004] Video compression techniques perform spatial (intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice (i.e., a video frame or a portion of a
video frame) may be partitioned into video blocks. Video blocks in an intra-coded (I) slice of
a picture are encoded using spatial prediction with respect to reference samples in neighboring

blocks in the same picture. Video blocks in an inter-coded (P or
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B slice of a picture may use spatial prediction with respect to reference samples in
neighboring blocks tn the same picture or temporal prediction with respect to reference
samples in other reference pictures. Pictures may be referred to as frames, and
referonce pictures may be referved to as reference frames,

{8808 Spatial or temporal prediction results in a predictive block for a block to be
coded. Residual data represents pixel differences between the original block to be
coded and the predictive block. An inter-coded block is encoded according to a motion
vector that points to 2 block of reference samples forming the predictive block, and the
residual data indicates the difference between the coded block and the predictive block.
An intra-coded block s encoded according to an intra-coding mode and the residual
data. For further compression, the residual data may be transforaed from the pixel
domain to & transform domain, resulting in resideal coefficients, which then may be
quantized. The quantized coefficients, initially arranged in a two-dimensional array,
may be scanned i order to produce 3 one-dimensional vector of coefficients, and

entropy coding may be applied to achicve cven more compression,

SUMMARY

{8866] Techniques of this disclosure relate to paletic-based video coding. For example,
in paletic based coding, a video coder {a video encoder or video decoder) may form a
“palette” as a table of colors for representing the video data of the particular area {e.g., 8
given block). Palette-based coding may be especially useful for coding areas of video
data having a relatively small mimber of colors. Rather than coding actual pixel values
(or their residuals), the video coder may code index values for one or more of the pixels
that relate the pixels with entries in the paleite representing the colors of the pixels. The
cchniqgues deseribed in this disclosure may include techniques for various combinations
of one or more of predicting paletic entrics, coding runs of palette indices, and various
other palette coding techniques.
[8867] In an example, a method of processing video data inchides determining a first
paletie for a first block of video data that is located in a first row of blocks, wherein the
first palette comprises one or more palette entrics cach including a palette index that is
associated with & color valae for coding the block of video data, generating a predictor
palette for constrocting at least one second palette of at least one second block of video

data in the tirst row of blocks coded after the first block, wherein the predictor palctic
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inchudes at least one palette entry from one or more blocks of the fivst row other than the
first block, reinitializing the predictor palette for determining a third palette of a third
block of video data that is located in 2 second row of blocks, wherein re-initializing the
predictor paletic comprises re-initializing the prodictor palette based on the one or more
palette entries of the first palettc or an initial predictor palette generated after coding the
first block, determining the third palette of the third block based on the re-initialized
predictor palette, and coding the third block using the third palette.

16808} In another example, a device for processing video data includes 2 memory
configured to store a first biock of video data, at least one second block of video data
and a third block of video data, and one or more processors configured o determine a
first paleite for the fust block of video data that is located in a first row of blocks,
wherein the first palette comprises one or more palette entries each including a paletie
index that is associated with a color value for coding the block of video data, generate 2
predictor palette for constructing at feast one second palette of the at least one second
block of video data in the first row of blocks coded after the first block, wherein the
predictor palette includes at least one palette entry from one or more blocks of the first
row other than the first block, reinttialize the predictor palette for determining a third
paletic of the third block of video data that is located in a sccond row of blocks, wherein
re-imhalizing the predictor palette comprises re-mtializing the predictor palette based
on the one or more palette entries of the first palette or an initial predictor palette
gencrated after coding the first block, deicrmine the third palette of the third block based
on the re-initialized predictor palette, and code the third block using the thivd palette.
188691 In ancther example, an apparatus for processing video data includes means for
determining a first paleite for a first block of video data that 15 located in a first row of
blocks, wherein the first palette comprises one or more paletie entries each including a
palette index that is associated with a color value for coding the block of video data,
means for generating a predictor palette for constructing at least one second paletto of at
feast one second block of video data in the first row of blocks coded afier the first block,
wherein the predictor palette inchudes at least one paletie entry from one or more blocks
of the first row other than the first block, means for reinitializing the predictor paletic
for determining a third palette of a third block of video data that is located in a sccond
row of blocks, wherein re-initializing the predictor paletic comprises re-initializing the
predictor paletic based on the one or more palette entries of the first palette or an mitial

predictor palette generated aftor coding the first block or an indtial predictor paletie
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generated after coding the fivst block, means for determining the third palette of the
third biock based on the re-initialized predictor paletie, and means for coding the third
block using the third palette.

(8018} In another exanple, a nop-transitory computer-readable medinm has tustructions
stored thercon that, when executed, cause one or more processors to determinge a firgt
palette for a first block of video data that is located in a first row of blocks, whercin the
first palette comprises one or more paletic entries each including a palette index that is
associated with a color value for coding the block of video data, generate a predictor
paletic for constructing at least one second paletie of at least one second block of video
data in the first vow of blocks coded after the first block, wherein the predictor palette
ncludes at lcast one palettc cutry from one or more blocks of the first row other than the
first block, reimitialize the predictor palette for deternining & third palette of a third
block of video data that is located in a second row of blocks, wherein re-initializing the
predictor palette comprises re-initializing the predicior palette based on the one of more
palete entrics of the first palette or an initial predictor palettc gencrated after coding the
first block, determine the third palette of the third block based on the re-imitiahzed
predictor paletie, and code the third block using the third palette.

(8811} In another example, a method of processing video data includes determining 2
run vahie that indicates a run-length of a run of a palette index of a block of video data,
wherein the palette index is associated with a color value in a palette of color values for
coding the block of video data, determining a context for context adaptive coding of
data that represents the run value based on the palette index, and coding the data that
represents run value front a bitstream using the determined context.

{6812} In ancther example, a device for processing video data includes a memory
configured to store a block of video data, and one or more processors configured to
determing a run valuc that indicates a run-length of a run of a palctic mdox of the block
of video data, wherein the palette index is associated with 4 color value in a paletie of
color vahies for coding the block of video data, determine a context for context adaptive
coding of data that represents the run value based on the palette fndex, and code the data
that represents wm value from a bitstream using the determined context,

(6813} In ancthor example, an apparatus for processing video data includes means for
determining a run value that indicates a run-length of a run of a paletic index of a block
of video data, whercin the palette index is associated with a color value in 2 paletic of

color values for coding the biock of video data, means for determining a context for
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context adaptive coding of data that represents the run valae based on the paletie index;
and means for coding the data that represents run vahie from a bitstream using the
determined context.

(84814} In another exanple, a nop-transitory computer-readable medinm has tustructions
stored thereon that, when executed, cause one or more processors to determine a run
value that indicates a run-length of a run of a palette index of a block of video data,
wherein the palette index is associated with a color value in a paletie of color values for
coding the block of video data, determine a context for context adaptive coding of data
that represents the run value based on the paletic mdex, and code the data that represents
ron valae from a bitstream osing the determined contexe.

(8815} In another exanyle, a method of processing video data includes detormining
palette indices of a first row of a block of video data, wherein the palette indices
correspond to a paletic of one or more colors for coding the block of video data, and
wherein the palette indices of the first row include one or more indices that are
associated with a color value in the palette and a syntax clement that is not associated
with a color value in the paletie, and coding a run of paletie indices of a second row of
the block of video data relative to the palette indices of the first row, wherein the ran
inchudes the syntax clement that is not associated with a color value in the palette.
(8816} In another example, a device for processing video data inchides a memory
configured to store a block of video data, and one or more processors configured to
determine palette indices of @ first row of the block of video data, wherein the palctic
indices correspond to a palette of one or more colors for coding the block of video data,
and wherein the paletie mdices of the first row include one or more indices that are
associated with a color vahse in the palette and a syntax element that is not associated
with g color value in the palette, and code a num of palette indices of a second row of the
block of video data relative to the palette indices of the first row, wherein the tan
meludes the one or more mndices that are associated with 2 color value in the palette and
the syntax clement that is not associated with a color value in the palcite.

16917} In another example, An apparatus for processing video data includes means for
determining palette indices of a first row of a block of video data, wherein the palette
indices correspond to a palette of one or more colors for coding the block of video data,
and wherein the palette indices of the first row include one or more indices that are
associated with a color value in the palette and a symiax clement that is not associated

with a color value in the palette, and means for coding a ron of palette indices of a
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second row of the block of video data relative to the palette indices of the first row, wherein
the run includes the one or more indices that are associated with a color value in the palette
and the syntax element that is not associated with a color value in the palette.

[0018] In another example, a non-transitory computer-readable medium has instructions
stored thereon that, when executed, cause one or more processors to determine palette indices
of a first row of a block of video data, wherein the palette indices correspond to a palette of
one or more colors for coding the block of video data, and wherein the palette indices of the
first row include one or more indices that are associated with a color value in the palette and a
syntax element that is not associated with a color value in the palette, and code a run of palette
indices of a second row of the block of video data relative to the palette indices of the first
row, wherein the run includes the one or more indices that are associated with a color value in
the palette and the syntax element that is not associated with a color value in the palette.
[0018a] According to one aspect of the present invention, there is provided a method of
processing video data, the method comprising: determining, by one or more processors of a
video encoder or a video decoder, a run value that indicates a run-length of a run of a palette
index of a block of video data, wherein the palette index is associated with a color value in a
palette of color values for encoding or decoding the block of video data, and wherein each
color value in the palette corresponds to a luma and one or more chroma values; determining,
by the one or more processors and based on the palette index, a context index value for
context adaptive binary arithmetic coding (CABAC) of data that represents the run value,
wherein determining the context index value based on the palette index comprises selecting
from three context index values based on the palette index, wherein selecting from the three
context index values comprises: based on the palette index being zero, selecting a first context
index value of the three context index values for CABAC encoding or CABAC decoding at
least one of a first bin, a second bin, and a third bin; based on the palette index being one or
two, selecting a second context index value of the three context index values for CABAC
encoding or CABAC decoding at least one of the first bin, the second bin, and the third bin;
and based on the palette index being greater than two, selecting a third context index value of
the three context index values for CABAC encoding or CABAC decoding at least one of the
first bin, the second bin, and the third bin; CABAC encoding or CABAC decoding, by the one

Date Regue/Date Received 2021-08-10
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or more processors and respectively in or from a video bitstream, the data that represents the
run value using the determined context index value; and reconstructing, by the one or more
processors, the block of video data based on the run-length.

[0018c] According to another aspect of the present invention, there is provided a device for
processing video data, the device comprising: a memory configured to store a block of video
data; and one or more processors implemented in circuitry and configured to: determine a run
value that indicates a run-length of a run of a palette index of the block of video data, wherein
the palette index is associated with a color value in a palette of color values for encoding or
decoding the block of video data, and wherein each color value in the palette corresponds to a
luma and one or more chroma values; determine, based on the palette index, a context index
value for context adaptive binary arithmetic coding (CABAC) of data that represents the run
value, wherein to determine the context index value based on the palette index comprises
selecting from three context index values based on the palette index, wherein selecting from
the three context index values comprises: based on the palette index being zero, selecting a
first context index value of the three context index values for CABAC encoding or CABAC
decoding at least one of a first bin, a second bin, and a third bin; based on the palette index
being one or two, selecting a second context index value of the three context index values for
CABAC encoding or CABAC decoding at least one of the first bin, the second bin, and the
third bin; and based on the palette index being greater than two, selecting a third context index
value of the three context index values for CABAC encoding or CABAC decoding at least
one of the first bin, the second bin, and the third bin; CABAC encode or CABAC decode,
respectively in or from a video bitstream, the data that represents the run value from a
bitstream using the determined context index value; and reconstruct the block of video data
based on the run-length.

[0018c] According to another aspect of the present invention, there is provided an apparatus
for processing video data, the apparatus comprising: means for determining a run value that
indicates a run-length of a run of a palette index of a block of video data, wherein the palette
index is associated with a color value in a palette of color values for encoding or decoding the
block of video data, and wherein each color value in the palette corresponds to a luma and one

or more chroma values; means for determining, based on the palette index, a context index
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value for context adaptive binary arithmetic coding (CABAC) of data that represents the run
value, wherein determining the context index value based on the palette index comprises
selecting from three context index values based on the palette index, wherein selecting from
the three context index values comprises: based on the palette index being zero, selecting a
first context index value of the three context index values for CABAC encoding or CABAC
decoding at least one of a first bin, a second bin, and a third bin; based on the palette index
being one or two, selecting a second context index value of the three context index values for
CABAC encoding or CABAC decoding at least one of the first bin, the second bin, and the
third bin; and based on the palette index being greater than two, selecting a third context index
value of the three context index values for CABAC encoding or CABAC decoding at least
one of the first bin, the second bin, and the third bin; means for CABAC encoding or CABAC
decoding, respectively in or from a video bitstream, the data that represents the run value
using the determined context index value; and means for reconstructing the block of video
data based on the run-length.

[0018d] According to another aspect of the present invention, there is provided a non-
transitory computer-readable medium having instructions stored thereon that, when executed,
cause one or more processors to: determine a run value that indicates a run-length of a run of a
palette index of a block of video data, wherein the palette index is associated with a color
value in a palette of color values for encoding or decoding the block of video data, and
wherein each color value in the palette corresponds to a luma and one or more chroma values;
determine, based on the palette index, a context index value for context adaptive binary
arithmetic coding (CABAC) of data that represents the run value, wherein to determine the
context index value based on the palette index comprises selecting from three context index
values based on the palette index, wherein selecting from the three context index values
comprises: based on the palette index being zero, selecting a first context index value of the
three context index values for CABAC encoding or CABAC decoding at least one of a first
bin, a second bin, and a third bin; based on the palette index being one or two, selecting a
second context index value of the three context index values for CABAC encoding or
CABAC decoding at least one of the first bin, the second bin, and the third bin; and based on

the palette index being greater than two, selecting a third context index value of the three
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context index values for CABAC encoding or CABAC decoding at least one of the first bin,
the second bin, and the third bin; and CABAC encode or CABAC decode, respectively in or
from a video bitstream, the data that represents the run value using the determined context
index value; and reconstruct the block of video data based on the run-length.

[0019] The details of another or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages

will be apparent from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS
[0020] FIG. 1 is a block diagram illustrating an example video coding system that may utilize
the techniques described in this disclosure.
[0021] FIG. 2 is a block diagram illustrating an example video encoder that may implement
the techniques described in this disclosure.
[0022] FIG. 3 is a block diagram illustrating an example video decoder that may implement
the techniques described in this disclosure.
[0023] FIG. 4 is a conceptual diagram illustrating an example of determining palette entries
for palette-based video coding, consistent with techniques of this disclosure.
[0024] FIG. 5 is a conceptual diagram illustrating example tiles in accordance with the High
Efficiency Video Coding (HEVC) standard.
[0025] FIG. 6 is a conceptual diagram illustrating wavefronts for wavefront parallel

processing (WPP).

Date Regue/Date Received 2021-08-10



CA 02947042 2016-10-25

WO 2015/179827 PCT/US2015/032282

18826} FIG. 7 is a conceptual diagram illustrating an example of predictor palette reset
i the presence of multiple tiles and wavefronts, consistent with the techniques of this
disclosure.

18027} FIG. & 1s a conceptual diagram illustrating an example of dotermining ndices to
a palette for a block of pixels, consistent with techniques of this disclosure.

[8828] FIG. 9 is a flow diagram illusirating an example process for delermining a
predictor palette, consistent with techniques of this disclosure.

16429} FIG, 10 is a flow diagram illustrating an example process for coding a run value
of a run of palette indices, consistent with techmigues of thas disclosure,

[8638] FIG. 11 is a flow diagram illustrating an example process for coding a ron of
indices coded with more than one palstic coding mode, consistent with tochniques of

this disclosure,

DETAILED DESCRIPTION
16431} Aspects of this disclosure are directed to techniques for video coding and video
data compression. In particular, this disclosure describeos techmiques for palette-based
coding of video data. In traditional video coding, fmages are assumed to be continuous-
tone and spatially smooth. Based on these assumptions, various tools have been
developed such as block-based ransform, filtering, and other coding tools and such
tools have shown good performance for natural content videos.
18432} Howcever, in applications like remote deskiop, collaborative work and wircless
display, computer gencrated screen content may be the dominant content to be
compressed. This type of content tends to have discrete-tone, featore sharp lines, and
present high contrast object boundaries. The assumption of continaous-tone and
smoothness may no longer apply, and thus, taditional video coding techniques may be
mcfficicnt in compressing the content,
{8833} This disclosure describes palette-based coding, which may be particularly
suitable for sereen generated content coding or other content where one or more
traditional coding tools are fnefficient. The techunigues for palette-based coding of video
data may be used with one or more other coding techniques, such as techniques for
mter- or intra-predictive coding. For example, as described in greater detail below, an
encoder or decader, or combined encoder-decoder {codec), may be configured to

perform inter- and intra-predictive coding, as well as paletic-based coding.
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16834} In some examples, the paletie-based coding techniques may be configured for
use with one or more video coding standards. For example, High Efficiency Video
Coding (HEVC) is a now video coding standard being developed by the Jeint
Collaboration Team on Video Coding (JCT-VC) of ITU-T Video Coding Experts Group
{(VCEQG) and 1ISO/IEC Motion Picture Experts Group (MPEG). A recent HEVC text
specification draft is described in Bross et al., “High Efficiency Video Coding (HEV(C)
Text Specification Draft 10 (for FDIS & Consent),” JCVC-LIG03 vi3, 12" Meecting of
JCT-VC of ITU-T SGE16 WP 3 and ISOAEC JCT 1/8C 29WG 1, 14 - 23 Jan. 2013
{“HEVC Draft 107).

[8835] With respect to the HEVC framework, as an example, the palette-based coding
techniques may be configured o be used as a coding uoit (CU) mode. In other
examples, the palette-based coding techniques may be contigured to be used ag a PU
mode in the framework of HEVC. Accordingly, all of the following disclosed processes
described in the context of a CU mode may, additionally or alternatively, apply to PUL
However, these HEVC-based examples should not be considered a restriction or
Linutation of the palette-based coding techniques described herein, as such techniques
may be applied to work tndependently or as part of other existing or yet to be developed
systems/standards. In these cases, the unit for palette coding can be square blocks,
rectangular blocks or even regions of non-rectangular shape.

[8836] In palette-based coding a particular area of video data may be assumed {0 have s
relatively small number of colors. A video coder (a video encoder or video decoder)
may code a so-called “palette” as a table of colors for representing the video data of the
particular arca (e.g., a given block). Each pixel may be associated with an entry in the
palette that represents the color of the pixel. For example, the video coder may code an
index that relates the pixel value to the appropriate value in the palette.

(8837} In the example above, a video encoder may cncode a block of video data by
determining a palette for the block, locating an cutry in the palette to represent the value
of cach pixel, and encoding the paletic with index values for the pixels relating the pixel
vahug to the palette. A video decoder may obtain, from an encoded bitstream, a palette
for a block, as well as index values for the pixels of the block. The video decoder may
rolate the tndex vahies of the pixels to entries of the palette to reconstruct the pixel
values of the bleck. Pixels {and/or related index values that indicate a pixel value) may

generally be reforred to as samples.
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16838} 1t is assumed that samples in the block are processed (e.g., scamned) using
horizontal raster scanning order. For example, the video encoder may convert a two-
dimensional block of indices into a one-dimensional array by scanning the indices using
a horizontal rastor scanning order. Likewise, the video docoder may recounstruct a block
of indices using the horizontal raster scanning order. Accordingly, this disclosure may
refer to a previous sample as a sample that precedes the sample currently being coded in
the block in the scanning order. It should be appreciated that scans other than a
horizontal vaster san, soch as vertical raster scanning order, may also be applicable. The
example above is intended provide a general description of palette-based coding.

(8839} A palette typically includes entries numbered by an index and representing at
least one color component {for example, at least on one component of RGB, YUV, ot
the Like) values or intengities. Both & video encoder and a video decoder determine the
number of palette entries, eolor component values for each palette entry and the exact
ordering of the palette entries for the current block. In this disclosure, it is assumed that
cach paletic entry specifies the values for all color components of a sample. However,
the concepts of this disclosure are applicable o using a separate palette for each color
component.

18048} In some examples, a paletic may be composed using information from
previously coded blocks or previously coded palettes. That 13, a palette may contain
predicted palette entries predicted from the palette(s) used to code the previons block(s).
For cxampic, as described in standard submission document Wei Pu ot al., “AHGI10:
Suggested Software for Palette Coding based on REx16.0,” JCTVC-(G0094, Valencia,
ES, 27 March — 4 April 2014 (hereinaftey JCTVC-Q0094), a palette may include entries
that are copied from a predictor palette. A predictor palette may include paletie entries
from: blocks previously coded using palette mode or other reconstructed samples. The
predictor paletic may use all or part of a previcusiy-coded paletic, or may be composed
from entries of several previously-coded paleties.

18441} In some exarmples, for cach entry in the predictor palette, 8 binary flag may be
coded to indicate whether the entry associated with the flag is copied to the current
paletie (2.g., indicated by flag = 1). The string of binary flags may be referred to as the
binary palette prediction vecior. The palette for coding a current block may also include
a number of new paletic eniries, which may be explicitly coded (e.g., separately from

the palette prediction vector), An indication of the number of now entries may also be
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coded. A sum of the predicted entries and new entrics may indicate the total paletie size
in for block.

[8842] As proposed JCTVC-Q00%4, cach sample in a block coded with a paletic-based
coding mode may be coded using one of the three paletic maodes, as set forth below:

e FHscape mode: m this mode, the sample value is not incladed into 2 paletic as a
palctic entry and the quantized sample value is signaled oxplicitly for all color
components, It is similar to the signaling of the new palotte entrics, although for
new palette entries, the color component values are not quantized.

& {opyFromTop mode (also referred to as CopyAbove mode): in this mode, the
paletic endry index for the curront sample s copied from the sample located
directly above in a block.

& Value mode {also referred 1o as Index mode): in this mode, the value of the
paletie endry index is explicitly signaled.

[68043] As described herein, 4 paletie entry index may be referred as a palette index or
simpiy index. These terms can be used interchangeably to describe techmques of this
disclosure. In addition, as described in greater detail below, a paletic index may have
one or more associated color or intensity values, For example, a paletic index yoay have
a single associated color or intensity value associated with a single color or mtensity
component of a pixel (e.g., an Red component of RGB data, a Y component of YUV
data, or the like}. In another example, 2 paleite ndex may have multiple associated
color or intensity values. In some instances, palette-based coding may be applied to
code monochrome video. Accordingtly, “color value™ may generally refer to any color
o1 non-color component used to generate a pixel value,

8644} For CopyFromTop and Value modes, a run vakue (which may also be referred 10
stmply a8 run) may also be signaled. A num value may indicate 8 number of consecutive
samples (¢.g., a run of samples) in a particular scan order in a palette-coded block that
arc coded together. In some instances, the ron of samples may also be reforred to as a
run of palette indices, because cach sample of the run has an associated index to a
palette.

[8#445] A run valoe may indicate a run of paletic indicos that are coded using the same
paletic-coding mode. For cxample, with respect to Value mode, a video coder {a video

encoder or video decoder) may code a paletie index {also referred to as a paletie mdex
value or simply index value) and a run value that indicates a number of consecutive

sanples in a scan order that have the same palette index and that are being coded with
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the palette index. With respect to CopyFromTop mode, the video coder may code an
tndication that an index for the current sample value is copied based on an index of an
above-neighboring sample (c.g., a sample that is positioned above the sample corrently
beoing coded 1n a block) and a ron value that mdicates a number of consecutive saniples
1 & scan order that also copy a palette index from an above-neighbormg sample and that
arc being coded with the palette index. Accordingly, in the cxamples above, a run of
palette indices refers to a run of palette indices having the same value or a run of palette
indices that arc copied from above-neighboring palette indices.
188946} Hence, the run may specify, for a given mode, the number of subsequent
samples that belong to the same mode. In some nstances, signaling an index and a nm
value may be similar to run length coding. In an example for purposes of llustration, a
string of congecutive indices of a block may be 3, 2, 2, 2, 2, 5 (e.g., where sach index
corresponds to a sample in the block). In this example, 8 video coder may code the
second sample (e.g., the first index value of two) using Valie mode. After coding an
index that is equal to 2, the video coder may code a run of three, which jndicates that the
three subscguent samples also have the same index valoe of two. In a sinlar manner,
coding a run of four after coding an index esing CopyFromTop mode may indicate that
a total of five indices are copied from the corresponding indices in the row above the
sample position currently being coded.
(88477 As described in greater detai below, 4 video coder {e.g., a video encoder and a
video decodery may encode or decode data that indicates whether a sample 18 coded as
an escape saniple on a per-sanple basis, Escape samples (also referred to 88 escape
pixels) may be samples (or pixelsy of @ block that do not have a corvesponding color
represented in a palette for coding the block. Accordingly, escape samples may not be
cconstructed using a color entry {or pixel value) from a palette. Instead, the color
values for cscape samples are signaled in a bitstream scparately from the color values of
the paletie. In general, coding a sample using “Bscape mode” may generally refer
coding 3 sample of a block that does not have a corresponding colos represented in a
palette for coding the biock. As noted sbove, such samples may be referred to as escape
samples or escape pixels.
[6848} In some examples, the video coder may code a flag for cach sample that
indicates whether the sample is coded as an cscape saraple (this technique may be
referred to as explicit cscape signaling, as described in greater detail below with respect

to the example of FIG. 1) In another example, the video coder may code an additional
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index valuc for a paletic to indicate that a particular sample is coded as an escape
sample (this technigue may be referred to as implicit escape signaling, as described in
greater detail with respect to the example of FIG. 1),

18049} The tochuniques described inthis disclosure may mehude tochniques for various
combinations of predicting palette entries, coding runs of palette indices, and a variety
of other palette coding techpiques. As described in greater detail below, the techniques
of this disclosure may, in some instances, improve efficiency and improve bitrate when
coding video data using a paletic mode.

189588} For example, certain aspects of this disclosure are directed to techniquaes for
predicting palatte entries for a block of video data. In some instances, a predictor
paletic may be reset for a block at the left cdge of a picture. That is, wheu generating a
palette for the block at the [eft edge of the picture, the predictor paletic may be reset to
zero {e.g., the predictor palette has no entries and the current palette is not predicted
using a predictor paletic). The predictor may be reset, in this manner, because a
predictor palette may inchude palette cotries that mostly belong to paleties of blocks
focated at the right side of the picture after decoding a ine {e.g., assuming a left to right
raster scan). Accordingly, upon coding the first block of the following row (the block at
the left most edge of the picture), the predictor paletic may include colors of blocks that
are focated relatively far away from the block currently being coded. Thass, the
predictor palette may not be very effective at predicting a current paletie for the current
block (¢.g., the colors of pixcls at the left side of a picture may differ from the colors of
pixels at the right side of the picture).

18851} However, in some instances, resctting a predictor palette may lead to coding
losses. For example, without a predictor palette, a video coder (a video encoder 20 or
video decoder) may code data that indicates all of the entries of a palette (e.g., all of the
paletie indices and related color values) in a bitstream. This may be a relatively large
amount of data relative to data associated with predicted palette entrics. Accordingly,
resetting & predictor paleite may adversely affect the bitrate of video data coded with
paletie-based coding

18852} According to aspects of this disclosure, a predictor palette for constructing a
palette for a biock of video data i a first linc may be reinitialized based on one or more
blocks of another line. For example, a video coder may determine a first paletic for a
first block of video data that is Jocated in a first row of blocks. The video coder may

also generate a predictor paletic when coding one or more other blocks in the first row,
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Upon coding a block in a second row, the video coder may remnitialize the predictor
palette for determining a palette of the block in the second row based on the entries of
the first palette. According to some aspects of this disclosure, the row of blocks may be
a row of blocks of a certain size {c.g., a row of coding tree units (UTUSs), as deseribed
below). The row length may represent a picture width in the selected block units, and
the mumber of rows may represent the picture height in the sclected block uniis,

14453} In some examples, the reinitialized predicior paletic includes entries of a paletie
of one or more blocks that are positioned relatively close to the block currently being
coded. Accordingly, the predictor paletie may include entries having a higher
likelihood of being inchuded in a palette of the block currently being coded (e.g., relative
to a predicior paletie based on blocks located far away from the current block or a
predictor palette that has been reset). In this manner, the techniques of this disclosure
may increase coding efficiency, because the video coder may determine the palette for
the current block using the predictor palette rather than coding the entries of the palette
in the bitstream,

186854} Other aspects of this disclosure are directed to coding (i.c., encoding or
decoding} a run value that mdicates a nm-length of a run of palette indices. For
cxample, as noted above, a run may specify, for an index currently being coded with a
given mode, the number of subsequent sampies that are coded with corrent index using
the same mode.

16855] In some instances, data indicating the run valuc may be coded using a context
adaptive coding techuique, such as Context Adaptive Binary Arithmetic Coding
(CABAQ), context adaptive variable length coding (CAVLC), or another context
adaptive coding technique. For example, a video coder (a video encoder or a video
decoder) may select a probability model or “context model” that operates on context to
code symbeols associated with a block of video data. That is, the context model (Cix)
may be an index or offset that is applied 10 select one of a plurality of different contents,
gach of which may correspond to a particular probability model.

18856} In some instances, a single context may be used to code data that indicates a run
value. For example, a binarized nun valoe may include a first bin that indicates whether
the run value 1s greater than zero, a sccond bin that indicates whether the num value is
greater than one, a third bin that indicates whether the run value is greater than two, and
any other bins needed to represent the run value, 1o this example, the same context may

be used to context code the first three bins of the binarized num value. However, using
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the same probability model to code multiple bins may create a delay between successive
coding cyeles. Moreover, the correlation of bins of a run value may not be sufficient to
warrant the time and compuiational resources associated with updating the probability
model,

(88571 According to aspects of this disclosure, context may be selected based on the
index value of the run value being coded. For example, a video coder may determing a
run value that indicates a ron-length of & run of g palette fndex of a block of video data.
The video coder may also determine a context for context adaptive coding data that
represents the run value based on the paletic mdex value. The techniques may improve
coding efficiency.

(8038} In somc examples, the palette fndex used to devive contexis for run coding may
be a palette index that is used to retrieve a color valuae from the palette. in other
examples, the palette index used o derive contexts for run coding may be a parsed
palette index, 1.¢., the paletie index signaled in a bitstroam {which may be different than
the palette index that is used to access the palette colors, as described in greater detail
below).

[6855] In some oxamples, three contexts may be used to code a nim value. Insuch
examples, according to aspects of this disclosure, a video coder may sefect a first
context to code the ran value based on the index bemg greater than zero. The video
coder may select a first context to code the run vahie based on the index being greater
than zero. The video coder may sciect a second context to code the run value based on
the index being greater than one. The video coder may select a third context to code the
run value based on the index being greater than two. With respect to the three context
coded bin example desenibed above, the video coder may select the three contexts for
coding any combination of the three bins. While the example above is described with
respect to defiung throe contexts associated with three characteristics of the index
value, it should be understood that the techmigues described herein may be extended to
defining other mumbers of contexts based on other characteristics of the index vale.
18968} Other aspects of this disclosure are directed to coding runs of palette indices that
are coded using more thun one palette mode. In general, indices that are coded using
different palette modes may not be coded in the same yun. In an example for purposes
of illustration, a run coded using the CopyFromTop mode may not include any indices

that are coded b as escape samples. o this example, a pixel coded as an escape sample
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may terminate a run, which may adversely impact coding cfficiency due to relatively
shorter runs for a given block.

(8861} According to aspects of this disclosure, a run may include samples that are
coded using more than one paletie mode. For example, a video coder may determine
palette indices of a first row of a block of video data, where the palette ndices inchude
one or mors indices that are associated with a color value in the palette and a syntax
clement that is not associated with s color value in the palette (which may be referred to
as a palette index despite the syntax clement not necessarily corresponding to an index
value), The video coder may also code a run of palette indices of a second row of the
block of video data relative to the palette indices of the first row, where the run includes
the one ot more indices that are associated with a color value in the palstic and the
syntax clement that is not associated with a color value in the palette.

[8862] In some examples, the run of palette indices may include pixels that are coded
with both CopyFromTop mode and as escape samples, e.g., using Escape mode. For
example, the indices that are associated with a color value in the palette may be coded
with CopyFromTop mode and the syntax clement that 13 not associated with a color
valpe in the paletic may be coded as an escape sample. In some examples, as described
in greater detatl below, the syntax clement may be associated with an index that is not
associated with 8 color value m the palette. In some examples, the values of pixels
coded as escape samples may be signaled following the run of indices, and the pixels
coded as cscape samplcs are not required to be the same. In other cxamples, an escape
sample may be represent by CopyFromTop mode and an escape sample may be

inchuded in the same groop of pixels along with the non-escape coded samples (e,

g
pixels for which color vahues are represented m the palette), where the group of pixels is
identified by a run value. In this way, the techniques may be used to increase the length
of runs, which may improve coding ctficioncy.

{8863 FIG. 1 is a block diagram tllustrating an example video coding system 10 that
may utilize the techniques of this diselosure. As used herein, the term “video coder”
refers generically to both video encoders and videe decoders. In this disclosure, the
terms “video coding” or “coding” may refer generically 1o video encoding or video
decoding. Video encoder 20 and video decoder 31} of video coding system 10 represent
examples of devices that may be configured (o perform techniques for palette-based
video coding in accordance with various examples described in this disclosure. For

example, video encoder 20 and video decoder 30 may be configured to selectively code
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various blocks of video data, such as CUs or PUs in HEVC coding, using cither paletie-
based coding or non-palette based coding. Non-palette based coding modes may refer
to various inter-predictive temporal coding modes or intra-predictive spatial coding
mexdes, such as the various coding modes specitied by HEVC Draft 10,

{88641 As shown in FIG. 1, video coding system 10 includes a source device 12 and a
destination device 14, Source device 12 generates encoded video data. Accordingly,
source device 12 may be referred to as a video encoding device or a video encoding
apparatus. Destination device 14 may decode the encoded video data gencrated by
source device 12, Accordingly, destination device 14 may be referred to as a video
decoding device or a video decoding apparatus. Source device 12 and destination
device 14 may be examples of video coding devices or video coding apparatuscs.

(8865} Source device 12 and destination device 14 may comprise a wide range of
devices, mcluding deskiop computers, mobile computing devices, notebook {e.g.,
laptop) computers, tablet computers, set-top boxes, telephone handsets such as so-called
“sroart” phones, televisions, cameras, display devices, digital media players, video
gaming consoles, in-car computers, or the like,

[6866] Destination device 14 may receive encaded video data from source device 12 via
a channel 16. Channel 16 may comprise one or more media or dovices capablc of
moving the encoded video data from source device 12 10 destination device 14, Tnone
example, chammel 16 may comprise one or more communication media that enable
source device 12 to transmit encoded video data directly to destination device 14 inreal-
time. In this example, source device 12 may moedulate the cocoded vidoo data
according to a conmunication standard, such as a wireless comnumication protocol, and
may transmit the modulated video data to destination device 14. The one or more
communication media may include wireless and/or wired comnunication media, such
as a radio frequency (RF) speetrum or onc or more physical transmission hnes. The one
ot more conununication media may form part of a packet-based network, such as a local
arca network, a wide-arca network, or a global network (e.g., the Internct). The one or
more communication media may include routers, swiiches, base stations, or other
cquipment that facilitate communication from source device 12 to destination device 14,
(68671 In another example, channel 16 may include a storage medium that stores
encoded video data gencrated by source device 12, In this example, destination device
14 may access the storage medium, ¢.g., via disk access ot card access. The storage

medium may inchude a variety of locallv-accessed data storage media such as Blu-ray
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discs, DVDs, CI-ROMSs, flash memory, or other suitable digital storvage media for
storing encoded video data.

(8868} In a further example, channel 16 may mclude 2 file server or another
intcrmediate storage device that stores encoded video data generated by source device
12. Inthis example, destination device 14 may access encoded video data stored at the
file server or other intermediate storage device via streaming or download. The file
server may be a type of server capable of storing encoded video data and transmitting
the encoded video data to destination device 14, Exanaple file servers include web
servers (e.g., for a website), file transfer protocol (FTP) servers, network attached
storage (NAS) devices, and local disk drives.

(8869 Destination device 14 may access the encoded video data through a standard
data conmection, such as an Internet connection. Example types of data connections
may include wireloss channels (e.g., Wi-Fi connections), wired connections (¢.g., DSL,
cable modem, etc.), or combinations of both that are suttable for accessing encoded
video data stored on a file server. The transmission of encoded video data from the file
server may be a streaming transmission, a download transmission, or a combination of
both.

[8878] The techniques of this disclosure are not limited to wircless applications or
settings. The techniques may be apphied to video coding in support of a variety of
multimedia applications, such as over-the-air television broadeasts, cable telovision
transmissions, sateliiic television transmissions, streaming video transmissions, ¢.g., via
the Tnternet, encoding of video data for storage on a data storage medium, decoding of
video data stored on a data storage moedium, or other applications. In some examples,
video coding systemn 10 may be configured to support one-way or two-way video
transmission 1o support applications such as video streaming, video playback, video
broadeasting, and/or video telephony.

{8871} Video coding system 10 illustrated in FIG 1 is merely an example and the
sechniques of this disclosure may apply 1o video coding seitings {e.g., video encoding or
video deceding) that do not vecessarily include any data communication between the
encoding and decoding devices. In other examples, data 1s retrieved from a local
memory, streamed over a network, or the like. A video encoding device may encode
and store data to memory, and/or a video decoding device may retrieve and decode data

from memory. In many exampies, the encoding and decoding is performed by devices
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that do not communicate with one another, but simply encode data to memory and/or
retrieve and decode data from memory.,

(8872} In the example of FIG. 1, source device 12 includes a video source 18, a video
encoder 20, and an output inderface 22, In some examples, output interface 22 may
meclude a modulator/demodulator (imodem) and/or a transmitter. Video source 18 may
include a video capture device, e.g., a video camera, a video archive containing
previously-captured video data, a video foed interface to receive video data from a video
content provider, and/or a computer graphics system for generating video data, or a
combination of such sources of video data.

(8873} Video encoder 20 may encode video data from video source 18, In some
examples, source device 12 directly transmits the encoded video dats to destination
device 14 via output interface 22, In other examples, the encoded video data may also
be stored onto a8 storage medium or a file server for later access by destination device 14
for decoding and/or playback.

16474} In the cxampie of FIG. 1, destination device 14 includes an input terface 28, a
video decoder 30, and a display device 32, In some cxamples, input interface 28
inchedes a receiver and/or a modem. Tnput interface 28 may recsive encoded video data
over channel 16. Display device 32 may be integrated with or may be external to
destimation device {4, In general, display device 32 displays decoded video data.
Drsplay device 32 may comprise 4 variety of display devices, such as a liquid crystal
display (LCD), a plasma display, an organic light emitting diode (OLED) display, or
another type of display device.

18878} Video encoder 20 and video decoder 30 cach may be implemented as any of a
variety of suitable circuitry, such as one or more microprocessors, digital signal
processors (DSPs), application-specific imtegrated circuits (ASICS), field-programmable
gate arrays (FPGAS), discrete logic, hardware, or any combinations thereof, 1 the
techniques are implemented partially in software, a device may store instructions for the
software in 8 suitable, non-transitory computer-readable storage medinm and may
gxecute the instructions in hardware using one ot more processers to perform the
techuiques of this disclosure. Any of the foregoing (including hardware, software, a
combination of hardware and software, ete.) may be considered o be one or more
processors. Each of video encoder 20 and video decoder 30 may be included in ong or
more encoders or decoders, cither of which may be integrated as part of a combined

encoder/decoder (CODEC) in a respective device.
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18876} Thus disclosire may generally refer to video encoder 20 “signaling” or
“transmitting” certain information to another device, such as video decoder 30, The
term “signaling” or “Wransmitting” may generally refer to the communication of syntax
clements and/or other data used to decode the compressed video data. Such
commurication may oceur in real- or near-real-time.  Alternately, such commumication
may occur over a span of time, such as might cccur when storing syntax clements to a
computer-readable storage medium in an encoded bitstream at the time of encoding,
which then may be retrieved by a decoding device at any time after being stored to this
mediun.

(8877} In some examples, video encoder 20 and video decoder 30 operate according to
a video compression standard, such as HEVC standard mentioned above, and described
i HEVC Draft 10, In addition to the base HEVC standard, there are ongoing efforts to
produce scalable video coding, multiview video coding, and 3D coding extensions for
HEVC, Inaddition, paletie-based coding modes, ¢.g., as described in this disclosure,
may be provided for extension of the HEVC standard. In some examples, the
techmiques deseribed in this disclosure for palette-based coding may be applied to
encoders and decoders configured to operation according io other video coding
standards, such as thel TU-T-H.264/AV standard or future standards. Accordingly,
apphcation of a palette-based coding mode for coding of coding vmits {CUs) or
prediction units (PUsY in an HEVC codec is described for purposes of example.

16878} In HEVC and other video coding standards, a video scquence typically includes
a series of pictures. Pictures may also be referred to as “frames.” A picture may
inchude three sample arrays, denoted Si, Scp and Ser. Sp is a two-dimensional array
{i.c., a block} of luma samples. Sy s a two-dimensional array of Cb chrominance
samples. Sc. is a two-dimensional array of Cr chrominance samples, Chrominance
sanples may also be referred to horein as “chroma” samples. In other instances, a
picture may be monochrome and may only inchide an arvay of luma samples.

184791 To generate an encoded representation of a picture, video suncoder 20 may
geunerate a set of coding trec units (CTUs). Hach of the CTUs may be a coding tree
block of luma samples, two corresponding coding tree blocks of chroma samples, and
syntax structarcs used to code the samples of the coding tree blocks. A coding tree
block may be an NxN block of samples. A CTU may also be referred to as a “tree
block™ or a “largest coding voit” (LLCU). The CTUs of HEVC may be broadly

analogous to the macroblocks of other standards, such as H.264/AVC. However, a
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CT is not necessarily limited to a particular size and may include one or more coding
units (CUs) A slice may include an integer number of CTUs ordered consecutively in
the raster scan

18088} To generate a coded CTU, video encoder 20 may recursively perform quad-tree
partitioning on the coding tree blocks of a CTU to divide the coding tree blocks into
coding blocks, hence the name “coding free uniis.” A coding block 1s an NxN block of
samples. A CU may be a coding block of lums samples and two corresponding coding
blocks of chroma samples of a picture that has a luma sample array, a Cb sample array
and a Cr sample array, and syntax structures used to code the samples of the coding
blocks. Video encoder 20 may partition a coding block of a CU into one or more
prediction blocks, A prediction block may be a rectangular (i.¢., square or non-sguare)
block of samples on which the same prediction is apphed. A prediction unit (PU) of a
CUJ may be a prediction block of huma samples, two corresponding prediction blocks of
chroma samples of a picture, and syntax structures used to predict the prediction block
samples. Video encoder 20 may generate predictive fuma, Ch and Cr blocks for luma,
Ch and Cr prediction blocks of cach PU of the CUL

(8881} Video encoder 2§ may use intra prediction or inter prediction to generate the
predictive blocks for a PUL If video encoder 20 uses intra prediction to generate the
predictive blocks of a PU, video encoder 20 may generate the predictive blocks of the
PU based on decoded samples of the picture associated with the PUL

16482} If vidoo encoder 20 uscs inter prediction to gencrate the predictive blocks of a
PU, video encoder 20 may gencrate the predictive blocks of the PU based on decoded
samples of one or more pictres other than the picture associated with the PUL Video
encoder 20 may use uni-prediction or bi-prediction to generate the predictive blocks of a
PU. When video encoder 20 uses uni-prediction to generate the predictive blocks fora
PU, the PU may have a single motion vector (MV), When video encoder 20 uses bi-
prediction to generate the predictive blocks for a PU, the PU may have two MV,
184831 After video cocoder 20 generates predictive luma, Ch and Cr blocks for one or
more PUs of a CU, video encoder 20 may generate a fuma residual block for the CU.
Each sample in the CU%s hama residual block indicates a difference between a luma
sample in one of the CU7s predictive loma blocks and a corresponding sample n the
CU’s original luma coding block. In addition, video ¢ncoder 20 may generate a Cb
vesidual block for the C. Each sample in the CU™s Ch residual block may indicate a

difference between a Cb sample in one of the CU's predictive Ch blocks and a
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corresponding sample in the CU’s original Cb coding block. Video encoder 20 may
aiso generate 3 Cr residual block for the CU. Each sample in the CU s Cr residual block
may indicate a difference between a Cr sample in one of the CU’s predictive Cr blocks
and a corresponding semple 1o the CU’s original Cr coding block.

{8084 Furthermore, video encoder 20 may use quad-tree partitioning to decompose the
fuma, Ch and Cr residual blocks of a CU into one or more foma, Ch and Cr transform
Blocks. A transform block may be a rectangular block of samples on which the same
transform is applied. A transforo unit (TUY of a CU may be a transform block of luma
samples, two corresponding transform blocks of chroma samples, and syntax structares
used to transform the transform block samples. Thus, each TU of a CU may be
associated with a fuma fransform block, a Ch transtorm block, and a Cr ransform block,
The luma transform block associated with the TU may be a sub-block of the CU’s luma
residial bloek. The Cb transform block may be a sub-block of the CU’s Cb residual
Block. The Cr transform block may be a sub-block of the CU’s Cr residual block.
18685} Video encoder 20 may apply one or more transforms to a loma transform block
of a TU to generate a luma cocfficient block for the TU. A coefficient block may bea
two-ditmensional array of transform coefficients. A transform coefficient may be a
scalar quantity. Video encoder 20 may apply onc or more transforms to a Ch fransform
block of a TU to generate a Ch coefhicient block for the TU. Video encoder 20 may
apply one or more transforms to a Cr transform block of 2 TU to generate a Cr
cocfiiciont block for the TU.

18886} Aftor gencrating a cocfficient block (e.g., a luma coefficient block, a Ch
coefficient block or a Cr coetlicient block), video encoder 20 may quantize the
coefficient block., Quantization generally refers 1o a process in which transform
coefficients are quantized to possibly reduce the amount of data used o represent the
transform coctlicicnts, providing further compression. After video encoder 20 quantizes
a coefficient block, video encoder 20 may entropy encodmg syutax clements indicating
the quantized transform cocfficients. For example, video encoder 20 may porform
Context-Adaptive Binary Arithmetic Coding (CABAC) ov the syntax eloments
indicating the quantized transform coefficients.

(68871 With respect to CABAC, as an example, video encoder 20 and video decoder 30
may s¢lect a probability model {(also referred to as a context model)y to code symbols
associated with a block of video data based on coutext. For example, a context model

{Ctx) may be an mdex or offsct that is apphed to select one of a phurality of different
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contexts, cach of which may correspond to a particular probability model. Accordingly,
a different probability model is typically defined for each context. After encoding or
decoding the bin, the probability model is further updated based on a value of the bin
reflect the mwost current probability cstimates for the bin. For exaraple, 8 probability
model may be maintained as a state in a fintte state machine. Bach particular state may
correspond to 8 specific probability value, The next state, which corresponds to an
update of the probability model, may depend on the value of the current bin {¢.g., the
bin currently being coded). Accordingly, the selection of a probability model may be
nfluenced by the values of the previously coded bins, because the values mdicate, at
lzast in part, the probability of the bin having a given value. The context coding process
described above may generally be referred to as a context-adaptive coding mode,
[8888] Hence, video encoder 20 may encode a target symbol using a probability model
Likewise, video decoder 30 may parse a target symbol using the probability model. In
some mstances, video encoder 20 wray code syntax elements using a combination of
context adaptive and non-context adaptive coding. For ecxample, video encoder 20 may
context code bins by sclecting a probability model or “context model” that operates on
context to code the bins, In contrast, video encoder 20 may bypass code bing by
bypassing, or omitting the regular arithretic coding process when coding the bins. In
such examples, video encoder 20 may use a fixed probabiiity model to bypass code the
bins. That is, bypass coded bins do not include context or probability opdates.

16089] Vidoo encoder 20 may output 2 bitstream that includes the entropy-cncoded
syntax clements. The bitstream may include a sequence of bits that forms a
representation of coded pictures and associated data. The bitsiream may comprisc a
sequence of network abstraction laver (NAL) units. Each of the NAL units includes a
NAL unit header and encapsulates a raw byte sequence payload (RBSP). The NAL unit
header may include a syntax clement that indicates a NAL unit type code. The NAL
unit type code specified by the NAL unit header of a NAL umit indicates the type of the
NAL unit. A RBSP may be a syntax strocture containing an integer number of bytes
that is encapsulated within a NAL unit. In some tstances, an RBSP includes zero bits,
18694 Different types of NAL units may encapsulate different types of RBSPs., For
example, a first type of NAL unit may encapsulate an RBSP for a picture parameter set
{(PPS), a second type of NAL unit may cncapsulate an RBSP for a coded slice, a third

type of NAL unit may cancapsulate an RBSP for SEL and so on. NAL units that
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encapsulate RBSPs for video coding data {(as opposed to RBSPs for parameter sets and
SET messages) may be referred to as video coding layer (VCL)Y NAL units.

(8691} Video decoder 30 may receive a bitstream generated by video encoder 20, In
addition, video decoder 30 may parse the bitstrean to decode syuntax clemounts from the
bitstream. Video decoder 30 may reconstruct the pictures of the video data based at
feast in part on the syntax clements decoded from the bitstream. The process to
reconstroct the video data may be generally reciprocal to the process performed by
video encoder 20, For instance, video decoder 30 may use MVs of PUs 1o determine
predictive blocks for the PUs of a current CUL 1 addition, video decoder 30 may

Video decoder 30 may perform inverse transforms on the transform cocfficient blocks
to reconstruct transtorm blocks associated with the TUs of the current CU. Video
decoder 30 may reconstruct the coding blocks of the corrent CU by adding the samples
of the predictive blocks for PUs of the current CU to corresponding samples of the
transtorm blocks of the TUs of the current CU. By reconstructing the coding hlocks for
cach CU of a picture, video decoder 30 may reconstruct the picture.

(8992} HEVC contains several proposals to make the codec more paraliel-friendly,
inchuding tiles and wavefront parallel processing (WPP), HEVC WD10 defines tiles as
an integer mumber of coding tree blocks co-occurring 10 one colunm and one row,
ordered consecutively tn a coding tree block raster scan of the tile. The division of each
picture into tiles is a partitioning. The number of tiles and the location of their
boundarios may be defined for the entire sequence or changed from picture to picture.
Tile boundaries, similarly to slice boundaries, break parse and prediction dependences
so that a tile can be processed wndependently, but the n-loop filters (de-blocking and
sample adaptive offset (SAD)) can still cross tile boundarics. HEVC WD10 also
specifics some constraints on the relationship between shices and tiles,

(8893} In some examples, video encoder 20 and video decoder 30 may be configured to
perform palettc-based coding. For cxample, in palctte based coding, rather than
performing the intra-predictive or inter-predictive coding techmiques described above,
video encoder 20 and video decoder 30 may code a so-called palette as a table of colors
for representing the video data of the particular arca (c.g., a given block). Each pixel
may be associated with an entry in the palette that represents the color of the pixel. For
example, video encoder 20 and video decoder 30 may code an index that relfates the

pixel value to the appropriate value in the palette,
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18894} In the example above, video encoder 20 may encode a block of video data by
determining a paletie for the block, locating an entry in the paletie to represent the value
of cach pixel, and encoding the paletic with index values for the pixels relating the pixel
value to the palette. Video decoder 3{) may obtain, from an encoded bitsiream, a palotie
for a block, as well as index values for the pixels of the block. Video decoder 30 may
relate the index values of the pixels to entries of the paletic to reconstruct the pixel
values of the block.

16898} In some exaraples, video encoder 20 and video decoder 30 may be configured to
construct a palette using palette entrics from one or more previousty coded blocks. For
example, video encoder 20 and video decoder 30 may be configured to copy one or
more a paletic endrics for coding a curtent block from a predictor palette that includes
palette entries from blocks previously coded using palette mode or other reconstructed
samples. For cach entry in the predictor paletic, video encoder 20 and video decoder 30
may be configured t¢ code a binary flag to indicate whether the entry associated with
the flag is copied to the current palette (e.g., indicated by flag = 1). The string of binary
flags may be reforred to as the binary paletie prediction veetor. The palotic for coding a
current block may also include a mumber of new paletie entries, which may be explicitly
coded (e.g., separately from the palette prediction vector).

[8896] As noted above, video encoder 20 and video decoder 30 may use a mumber of
different palette coding modes to code indices of a palette. For example, video encoder
20 and video decoder 30 may use an Escape mode, a CopyFromTop mede {alse referred
to as CopyAbove mode), or a Valuc mode (also referred to as Index mode) to code
indices of a block. In general, coding a sample asing “Escape mode” may generally
refer coding a sample of a block that does not have a corresponding color represented in
a palette for coding the block. As noted above, such samples may be referred to as
cscape samples or escape pixels,

(8897} As another example, in a third screen content coding core experiment, subtest

B.6, as described in Yu-Wen Huang et al., “Description of Screen Content Core

April 2014 (hereinafier ©1123), another mode was introduced into the software released
by Canon on 26" May 2014, The macro for this mode may be defined as
“CANON NEW RUN LAST TRANSITION™ and may be referred to herein as

Transition Run mode. The Transition Run may be similar to Valie mode in that video
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euncoder 20 or video decoder 30 may code an index value followed by a run specifying
the number of subsequent samples that have the same paletie index.

[6898] One difference beiween Value mode and the Transiiion Run mode is that the
index value of the transition run mode 18 not signaled 1o the bitstreams, Rather, video
encoder 20 and video decoder 30 may infer the index value for the Transition Run
mode. As described herein, inferring a valoe may refer to the determination of a value
withowt reference io dedicated syntax that represents the value thatis coded ina
bitstream. That is, video encoder 20 and video decoder 30 may infer 2 value without
coding a dedicated syntax cloment for the value 1 a bitstreanm. The mferred index may
be referred to as a transition ndex.

[8099] In somc examples, there may bo two ways of signaling the paletic modes. A
first technigue for signaling palette modes may be referred to as explicit escape
signaling. For example, in JCTVC-Q0094, if the macro

“PLT REMOVE ESCAPE FLAG” is zevo, video encoder 2{ may explicitly encode an
cscape flag for cach sample of a block 1o indicate whether a sample being coded in a
block is coded n Escape mode. I the sample s not coded with Escape mode, video
encoder 20 may encode additional data to indicate whether the mode is CopyFromTop
or Value. In some instances, the additional data may be 2 flag, referred to herein as an
SPomt tlag (e.g., an SPoint flag valoe of zero may indicate CopyFromTop mode and an
SPoint flag value of one may indicate Valae mode, or vice versa).

18168] Henee, with the cxplicit cscape signaling, the SPoint flag may be used to
indicate a particular run type for a run of pixel values associated with the indicated
mode. For example, video encoder 20 may encode an SPoint flag to indicate whether
the mdex currently being coded and the run of subsequent index values being coded tna
run are coded using CopyFromTop mode or Value mode. Video encoder 20 does not
encode the cscape flag (e.g., “PLT REMOVE HESCAPE FLAG™) and the SPoint flag
{when necessary) for the subsequent ron samples. That is, video encoder 20 and video
decoder 30 may infor the valucs of the escape flag and SPoint flag for samples incladed
inavun. For exaniple, videe encoder 20 and video decoder 30 may determine the value
of the escape flag and SPoint flag for samples included in the run without reference to
dedicated syntax that reprosent such values in the bitstream.

(8181} A second technique for signaling palette modes may be referred to as implicit
escape signaling. For example, if the macro “PLT REMOVE _ESCAPE FLAG™ from

JCTVC-00094 is one, video encoder 20 and video decoder 30 may be configured 1o
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increase the number of paletie entrics of a palette by one to accommodate a special
tndex to the palette that does not correspond to any of the indices of the block. Insome
examples, video encoder 20 and video decoder 30 may include the additional index as
the Jast palette index m the ncreasced palette for a given block. The additional index
may be used as an indication of an cscape sample.

(8162} In this implicit escape sigpaling, video encoder 20 may encode, for a particular
sample valoe of a biock, daia that represents the additional index o indicate that the
additional sample is coded using Escape mode. Video encoder 20 may also encode the
color valae of the escape sample. Accordingly, in the case of implicit escape signahng,
there are only two possible modes (e.g., CopyFromTop mode or Value mode) to be
signaled using explicit syntaz. For example, only the SPoint flag may signaled to
distinguish between the modes, I a sample 1 coded in Vakhie mode and the index for
Value mode is cqual to the escape index {e.g., the above-noted additional index to the
paleite), video encoder 20 and video decoder 30 may mfer the sample to be coded in
Escape mode. 1o this case no runis signaled. When using the implicit escape signaling
with the Transition Run mode, the SPoint flag may take values 0 {e.g., Vahie mode), |
{e.g., CopyFromTop mode) or 2 {e.g., Transition Run mode}.

(8183} The tochniques described in this disclosure may mclude tochniques for various
combinations of one or more of palette prediction and signaling of palette indices with
implicit escape signaling. For example, aspects of this this disclosure relate to resetting
a predictor palette. For example, resetting a predictor palettc may include setting the
size of the predictor palette to zero, such that the predictor palette may not be used to
construct a palette for a block currently being coded. Tn this case, a binary paletie
prediction vector is not signaled in a bitstream and no paletie entries are predicted from
the predictor palette.

(8184} In JCTVC-QO094, a predictor palctic is resct for a coding tree block (CTB) at
the left edge of the plcture (e.g., at the beginning of a row of CTBS in a pictare “CTH
row” V1. The rational for resetting the predicior palette at the heginning of a CTB row
may be twofold, First, after coding a line of CTBs, the predictor palette moay include
palette entries that mostly belong to palettes of blocks located at the right side of the
picture. Accordingly, the predictor paletic may not be very offective at predicting a
current palette for a first CTB of a CTB row, which may be positioned at the left side of
the picture (e.g., the colors of pixels at the left side of a picture may differ from the

colors of pixels af the right side of the picture). In addition, when two or more
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wavelronts are being used for coding a particular picture, in addition to the CABAC
states, 1t woudd be necessary to propagate information about the predictor palette
between wavefronts.

18105} For example, 2 wavefront roay be a unit of video data for coding, snd may be
coded 1n parallel with other wavefronts. For example, two paraliclization approaches
arc included in HEVC, including Wavefront Parallel Processing (WPP) and Overlapped
Wavefront (OWF), WPP aliows creating picture partitions that can be processed in
parallel without incurring high coding losses. In WPP rows of CTBs are processed in
parallel while preserving all coding dependencies. OWE allows for overlapping the
execution of consecutive pictures using wavefronts,

[8186] However, in some instances, resciting a predictor paletic may lead to coding
fosses. For example, without a predictor paletie, video encoder 20 and video decoder 30
may code data that indicates all of the entrics of a palette {c.g., all of the palette indices
and related color values) in a bitstream. This palette data may be a relatively large
amount of data relative to predicted paletic eniries, which may be indicated in the
bitstream using a single flag. Accordingly, resctting a predictor palette may adversely
affect the bitrate of video data coded with palette-based coding.

(8187} According to aspects of this disclosure, video encoder 20 and video decoder 30
may be configured to disable the resetting of a predictor palette based on the number of
wavefronts that are used to code 4 picture being one or zero (1.e., no wavefronts). That
18, video encoder 20 and video decoder 30 may be configured not to resct a predictor
palette when one or zero wavefronts are used 10 code 2 picture. However, video
encoder 20 and video decoder 30 may be configured to enable the resctiing of a
predictor paletic when two or more wavefronts are ased to code a picthure. In this
example, video encoder 20 and video decoder 30 may not need to propagate information
about a predictor palctic between wavefronts, while still avoiding coding losses in the
single wavefront case.

[6#108] According to aspects of this disclosure, when multiple files and multipls
wavelronts are used to code a picture {e.g., video encoder 20 and video decoder 30 use
two or more tiles and two or more wavefronts to code the picture), video encoder 20 and
video decoder 30 may be configured to reset the predictor paleite at the beginning of
cach tile CTB row. A tile CTB row may include CTBs from a2 CTB row that belong to a

particular tile. Tt should be understood that a “row™ may be oriented vertically or
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horizontally, depending on a particular scan order used to code blocks. A row may also
be referred to herein as a line, and the terms may be used interchangeably herein,
(8109} The techoiques described above may also be applied to 4 palette transiiion table.
For gxample, standard submission document Yu-Chen Sun et al,, "CE6 Test C.2
Transition Copy Mode,” JCTVC-S0478, Strasbourg, FR, 17-24 October JCTVC-
SO078) describes a transition copy mode. The transition copy may also be referred to as
a transition copy ron {TC run) mode. In the TC run mode, a decoder records the
adjacent color index patterns and uses the patterns to predict to-be-coded ndices. In the
TC rom mode, as an example, a current pixel, €, has a pilot color ndex equal 1o one.
From a causal area of coded pixels, 8 video coder (such as video encoder 20 or video
decoder 30) may determinge that a color index to the right of a color index that is equal
to one is likely 1o be two {e.g., assuming a left to right scan). This transition pattern
from one to two may be recorded in a transition copy table (TC table) to enhance color
index prediction efficiency.

16118} In JCTVC-R0078, a TC table is reset when a current CU being coded is the first
CU of the slice, or the current CUJ inherits the TC table of the previous CU when the
current CU is a non-first CU of the slice. This inheriting property may be referred to as
“TC table propagation.” The TC table may be nmaintained and updated as the pixels in
the CU are coded.

(8111} In some examples, in the transition copy mode, two transiion tables are
maintained, one for even-indexed rows and the other for odd-indexed rows. Previous
contributions described using a single fransition table. Regardless, in general, as noted
above, a transition table from a previous palette coded CU {or block) may be used to
imtialize the transition table for a current CU (or block) coded in palette mode.

18112} According to aspects of this disclosure, the concept of resetting the palette at the
beginning of a first CTH ina CTB row or the fust CTB in a tile in a CTB row when
multiple wavefronts are being used, as described above, may be extended to resetting
the paletic transition table (o1 tables} in those locations as well. For example, video
encoder 20 and video decoder 30 may be configured to sot all of the cotries in a palette
transition table to zero (or to any other fixed palette index, or any other pattern} for the
first CTB m a CUTB row or the first CTE 10 a tile in a CTB row when multiple
waveironts are being used (or, equivalently, the first paletie-coded CUs within the

CTBs). According io aspects of this disclosure, the resetting of the predictor palette and
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palette transition tables may be generalized to any other palette related data that may be
propagated from one paletie-coded CU to another.

(8113} In another example, video encoder 20 and video decoder 30 may be configured
to code a flag of a vidoo paraneter sct (VPE), sequence parameter set (8PS}, picture
parameter set (PPS), shce header, at a tile level, at a block level or elsewhere that
indicates whether a predictor paletic reset {and/or reseiting of other information such as
the above-noted palette transition tables) s performed at the beginning of cach CTB
row. In instances in which the flag is signaled at a tile level, the flag may indicate
whether the predictor palette reset 1s performed at the beginming of cach tile CTB row
{c.g., at the beginning of each row of CTBs in a tile). Alternatively, for the first block
coded using the palstte mode in a row of CTBs, a flag may be signaled to indicate
whether predictor palette reset is performed.

[#114] In another example, a flag (c.g., where a flag may be one or more syntax
clements) may be signaled for cach block coded using the palette mode to indicate
whether predictor paletic reset should be performed. In some examples, this technique
may have an advantage of allowing video encoder 20 and video decoder 30 to be able to
select between technigues that have all the palette entries explicitly signaled or
techniques that use a predictor palette to predict some of the paletic entrics. 1o some
axamples, the flag value may be inferved. For example, video encoder 20 and video
decoder 30 may be configured to tnfer the value of the flag for cach wavefront, such that
the inferred value indicates that the predictor palctte is resct. Alicrnatively or
additionally, video encoder 20 and video decoder 30 may be configured to infer the
vatue of the flag for the first block of a slice or tile, such that the inferred value indicates
that a predictor paletic is reset in the beginming of each slice and/ur tile.

(8115} In another example, rather than signaling a flag to indicate a predictor paletic
resct, video encoder 20 and video decoder 30 may be configured to resct a predictor
palette according to a rule or set of rules. For example, video encoder 20 and video
decoder 30 may both be configured o apply the rule or set of rules. In one example,
video enceder 20 and video decoder 30 may be configured to apply the following rule to
determine whether to reset a predictor palette: if the palette n the current block has no
entries predicted from a predictor paletie, the predictor palette 1s reset (e.g., the predictor
paletic is set to have a zero length) for this current block, such that only the corrent
paletic may be used as a predictor for the following blocks, but not the palette entrics

from previous blocks.



CA 02947042 2016-10-25

WO 2015/179827 PCT/US2015/032282
30

18116} In the cxample above, video encoder 20 may control the palette resetting. For
example, when the palette is to be reset, video encoder 20 way simply not use any
cntries from the predictor palette. One potential advantage of implementing this process
is that no now syntax clemends are added, and the palette resetting ruay be more granular
and more flexibly controlled. For example, the flexibility/granularity may be achieved
due to the ability to change the conditions upon which predictor paletic resetting is
performed.

16117} In some cxarples, video encoder 20 may not use the predictor palette in at leas
one of the following cases: for the first LCU in cach LCU row, when wavetront coding
is enabled; for the first block in a tile, or for the first block in a shice,

[8118] According to aspects of this disclosure, a predictor palette may be reinitialized.
For exarmple, retnitializing the predictor palette may generally refer 1o replacing entries
of the predictor paletic with new entrics. For example, after coding a block of indices a
predictor palette may include a number of entries for predicting a palette of the next
block to be coded. Reinitializing the predictor palette may include removing the
nuamber of entries and adding new eniries to the predictor paletie for predicting the
paletie of the next block to be coded.

[8119§ In some examples, according to aspects of this disclosure, at the beginning of
each CTB line, video encoder 20 and video decoder 30 may be configured to remitialize
a predictor palette for determining a current paletie of a current CTB using palette
gntrics from a first CTB of the CTB line above the corrent CTB, if the current CTB ling
is not the first CTB line in the picture/slice/tie.  In this case, as described in greater
detail with respect to the example of FIG. § below, after finishing the coding of the first
CTH and before coding the second CTB n a CTB line above {(provided the first CTB is
not the first CTB line in the picture/slice/tile), video encoder 20 and video decoder 30
may be configured to use the predictor palette to reinitialize the predictor paleite at the
beginning of the current CTB fine. 1f the current CTB line is the first one i the
picture/slice/tile, video encoder 20 and video decoder 30 may be configured to set the
number of predictor paleits cotries(e.g., as described in JCTVC-Q0094)}, and not predict
any palette entrics when determining the palette for the corrent OTR.

[6128} In another example, the concept of reinitializing a predictor paletie may be
generalized. For example, video encoder 20 and video decoder 30 may be configured to
generate a predictor palette after coding N CTBs of a linc of CTBs above a CTH

sth

currently being coded and before starting to code of the N+77 CTE in the CTH line
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above the CTB currently bemg coded (provided the line of CTHs is not the first CTB
hine in the picture/shce/tile). Video encoder 20 and video decoder 30 may be configured
to reinitialize the predictor palette for determining the paletic of the CTB currently
beoing coded using the generated predictor palette. The CTB currently beng codod may
be the first CT8 of a current CTB Hue (provided the corrent CTB 1 not the fret CTH
line in the picture/slice/tile). Here, N may be between one and the nomber of CTBs in
the CTB line. To concoptually align this predictor palette re-initialization techaique
with wavefront coding, N may be selected to be less than or equal to two. In this way,
the same predictor palette re-imitialization process may be used regardless of the mumber
of wavefronts ased to code a picture,

(8121} As noted above, & CTB may also be reforred 1o as a LCU. {n some exanples,
the predictor paletic re-imitialization may be performed for the first CTB of a line of
blocks in whieh a paletic mode is used to predict any block of the CTB (e.g., in
instances in which a variety of prediction (inter- or intra-modes) or paletic modes may
be used to code a CTB. While the examples above are described with respect to CTBs
for purposes of tHustration, it should be understood that the techmigques may be extended
to any type of block of video data.

18122 According to aspects of this disclosure, the palette re-initialization process
described above may be extended to palette transition tables. For example, video
encoder 20 and video decoder 30 may be configured o reinitialize palette transition
tablcs at the beginaning of a current CTB row using the palctte transition tables gencrated
after coding N CTBs and before starting to code the N+7/™ CTR in the CTB line above
the current CTB (provided the current CTB is not the first CTB line in the
picture/shice/tile). Here, N may be between one and the number of CTBs tn the CTB
line. For example, video encoder 20 and video decoder 30 may be configured to select
a value of NV that is less than or equal to two.

(8123} In some examples, video encoder 20 and video decoder 30 may be configured to
copy the size of the transition tables in addition to the palcite transition tables
themselves, Indeed, this process of re-inttializing palette coding information (e.g.,
predictor palette information, palette transition table information, or the like) may be
generalized to any other palette related data that is propagated from a palette-coded CU
to the next palette-coded CU. For exampie, video encoder 26 and video decoder 30 may

be configured to reinitialize palette related data for a current CTB based on paletie data
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generated after coding N CTBs and before starting to code the N+/CTB in the CTB
tine above the corrent CTR.

(8124} In some examples, video encoder 20 and video decoder 30 may be configured to
usc the re-initialization for all applicable UTHs {¢.g., initially coded CT8s i a linc of
CTBs). In other examples, video encoder 20 and video decoder 30 may be configured
to may only perform the re-initialization techniques when the number of wavefronts
being used to code a picture or tile is two or more.

16128} According to aspects of this disclosure, when tiles and wavefronts are being
used together for coding a particular picture, video encoder 20 and video decoder 30
may be configured to apply the re-initialization techniqoes to tiles as though the tiles are
scparate pictures. For example, video cocoder 20 and video decoder 30 may be
configured to apply the above-described re-mitialization process for a first tile CTB if
the first tile CTH is not the first CTB Hae in the tile, as described in greater detail with
respect o FIG. 7 below.

18126} Other aspects of this this disclosure relate fo signaling cscape samples in
examples in which implicit escape signaling is used. For example, in JCTVC-Q0094,
for the above-described implicit escape technique, the size of the palette s increased by
onc and the last index in the expanded paletic s assigned o indicate whether a sample is
coded as an escape sample. I truncated binary coding is used to code the indices, the
fast index niay uyse one more bit than index zero. Stmtlarly, if ancther variable length
coding strategy is used, the difference in fengths may be ¢ven greater,

18127} Typically, for certain block sizes, there may be more samples that are coded as
cscape samples than blocks of other aizes. To leverage this relationship to improve the
coding of mdices, video encoder 20 and video decoder 30 may be configured to assign
the zero index of a paletic to the index used to indicate an escape sample for biocks that
arc hikely to have more pixels coded as an escape sample. For the other blocks that may
have relatively fewer samples coded as escape samples, video enceder 20 and video
decoder 30 may be configured to may follow the current schome of assigning the
highest index from the expanded palette to indicate an escape sample.

18128} In an example for purposes of ilustration, video encoder 20 and video decoder
30 may be configared to assign a zero index to the index used to indicate an cscape
sample for block sizes 32%32 and below. In this example, video encoder 20 and video

decoder 30 may be configured to assign the highest (c.g., numerically largest of the
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palette indices) index to the index used to indicate an cscape sample for 64x64 blocks
and larger,

(8128} In some examples, video encoder 20 and video decoder 30 may be configured to
inploment the same Escape indox assigoment rale for cach block size a-priori. In
another example, an Escape index assignment role may be signaled explicitly in a video
parameter set (VPS), sequence parameter set (SPS), picture parameter set (PPS), slice
header, at a tile level or elsewhere.

16138} Other aspects of this this disclosure relate to signaling cscape samples in
cxamples m which exphicit escape signaling 1s used. Inthe case of explicit escape
signaling, Escape mode may be signaled with a flag. According to aspects of this
disclosure, video encoder 20 and video decoder 36 may be configured to context
adaptively code the escape flags based on block size. For example, contexts may be
designed to code escape flags in order to exploit the relationship that, for certain block
sizes, there may be more samples coded using an escape sample relative to other block
sizes. In this case, the cortext for the flag may depend on the block size, Additionally,
in somie examples, a paletie size may have some correlation with the amount/number of
escape samples to be sigoaled in the CU. Therefore, the context may depend on the
paletic size or on whether the palette size is equal to the maximum palette size (or not
aqual to the maximum palette size).

{8131} Other aspects of this this disclosure relate to signaling run vahses for nms of
indices coded using Valuc palettc mode. For cxample, in standard submission
document Guillaume Laroche et al,, “AHG10: Run Coding for Paletie Mode,” JCTVC-
000606, Valencia, ES, 27 March — 4 April 2014 (JCTVC-Q0066), it is proposed that for
cach block coded using a palette, an index-threshold may be signaled. 1f the mdex
being coded in Value mode is greater than or equal to the index-threshold, no run is
signaled for the Value mode. This disclosure may refor to this mcthod as “Limited
Run.””

18132} According to aspects of this disclosure, modifications may be made to the
process described in 0066, In a first example, the first indices indicated by the syntax
clement nom_skip, 2 run is always signaled. In some examples, the syntax cloment
mam skip is equal to two, so run is always signaled for indices zero and one. The value
indicated by the syntax clement num skip may be known to both video encoder 20 and

video decoder 30 a-priori {o.g., predetermined at the video coders), or may be signaled
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gxplicitly in the video parameter set (VPS), sequence parameter set (SPS), picture
parameter set (PP5), slice header, at a tile level or elsewhere.

(8133} In a second example, if the paletie size is below a particular paletic size
threshold, the index threshold 18 not signaled and the run is signaled for each index. The
palette size threshold may be known to both video encoder 20 and video decoder 30 a-
priori or may be signaled explicitly in the video parameter set (VPS), sequence
parameter set {SPS), picture parameter set (PPS), shice header, at a tile fovel or
clsewhere.

18134} In a third example, a flag may be signaled for every block where the paletie size
is greater than the palette size threshold, to indicate whether the index threshold is
signaled. The flag may be signaled only for certain block sizes and/or paletic sizes. If
the index threshold is not signaled, the run is signaled for all indices. fn an alternative
example, instead of signaling an explicit flag, an index threshold of a palette size is
signaled to indicate that run is signaled for all indices.

16138} In a fourth exaraple, truncated binarization (for example, truncated binary
coding as described in ULS. Provisional Application No. 62/002,054, filed May 22,
2014 may be used to code the tndex-threshold for a block if the size of the paletie is
above the palette-size-threshold. 1 an explicit flag as in the third example above is
signaled, the maxinwm value for truncated binarization is may be {current palette size —
num skip). Hno explicit flag is being sent, the maximum valoe for truncated
binarization may be (current palctte size — nom_skip + 1),

18136} In a fifth cxample, a run value may be coded after paletie index rearranging,
reordering or remapping. For example, some palette coding rechniques may be used to
group indices to have longer runs of indices. In one example, video encoder 20 and
video decoder 30 may be configured to perform an adaptive scan of indices or apply a
Burrows Wheeler travsfora

{8137 In a sixth example, the index threshold may be signaled as (palette-size — index-
threshold) in instances o which the explicit flag described above with respect to the
third example is signaled. Similarly, the index threshold may be signaled as (palotte-
size + 1 — index-threshold) in instances i which such an explicit flag s ot signaled. In
some instances, video encoder 20 and video decoder 30 may be configured to code the
index threshold or {palette-size — index-threshold) based on the black size and/or paletic
size. In some examples, a similar strategy may be used in instances in which an explicit

flag is not signaled.
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18138} The technigues of the six above-deseribed examples may be implemented by
video encoder 20 and video decoder 30 individually or in combination. In addition, the
techniques may be implemented selectively depending on the block size and/or palette
size. Such a dependence on block size and/or palctic size may be known o both video
encoder 20 and video decoder 30 a-priori, or may be signaled explicitly m the video
parameter set (VPS), sequence parameter set (SPS), picture parameter set (PPS), slics
header, at a tile level or elsewhere.

16139} In contrast to JCTVC-Q0066, according to aspects of this disclosure, the above-
described techmques may be normative. For example, this means that a valid bitstream
{c.g., a bitstream that is decodable by a decoder conforming to a particolar standard) is
0ot permiticd 10 have an index for which run s not signaled 10 ocour n consceutive
positions and be coded using Value mode. That is, two consecutive positions having the
same index value may sot be coded using the Value mode. This constraint may be
tregted as 8 normative constraint on a bitstream. That is, a conforming bitstream shall
not contain any fwo ot more consecutive pixels coded with the Value mode having
identical index values for which a run is not signaled. This cnables the apphication of all
the redundancy removals deseribed in ULS, Provisional Application No. 62/002,054,
filed May 22, 2014, as well as the removal of the so-called impossible indox values
described in C. Gisquet et al,, “"AHG I Palette Index Coding,” JCTVC-QU064,
Valencia, ES, 27 March ~ 4 April 2014 (JCTVC-Q0064 ).

16148} If the Transition Run mede is also used, the Limited Run technique may be
extended to Transition Run mode as well. In this case, if the mode is Value or
Transition Run and the paletic index (for Value meode) or inferred palette index (for
Transition Run mode} is above the index threshold, no run is signaled and the same
normative bitstream constraint may be applied as descried above.

(8141 Other aspeets of thus this disclosure relate to coding a run value that indicates a
run-length of 4 ran of palette indices. In example, the techniques may be used to code a
run vahue of an todex coded using Value mode.

1#142} For cxample, in some examples, three context coded flags may be used to
coding a run value in Value mode. In such examples, the three context coded flags may
inchede a greater than zero flag that indicates whether the run value s greater than zero,
a greater than onc flag that indicates whether the run value is greater than one, and a

greater than two flag that indicates whether the ron value is greater than two. In sove



CA 02947042 2016-10-25

WO 2015/179827 PCT/US2015/032282
36

examples, video encoder 20 and video decoder 30 may be configured 1o code cach of
the three flags using a single context.

(8143} However, using a single context may roquire video encoder 20 and video
decoder 30 to update the probability model associated with the context after coding cach
of the flags. Furthermore, the probability updating process above may introduce delay
o the coding process. [nan example for purposes of dlustration, three bins use the
same context model (e.z., ctx{4)) for purposes of context adaptive coding. In this
cxample, a first bin may use ctx(0) to determine a probability model for coding. The
value of the first bin inthiences the probability model associated with ¢tx(0).
Accordingly, a probability update is performed prior to coding the second bin with
ctx{(). An additional probability update is also performed prior to coding the third bin
with ¢tx{(). In this way, the probability update may introduce delay inte the coding
cycle.

(3144} Moreover, the correlation between the first bin, second bin, and third bin of a run
value may be insufficicot to warrant the time and computational resources associated
with updating the probability model. That is, one potential benefit of context adaptive
coding is the ability to adapt a probability model based on previously coded bins (given
the same context). 1 the value of a first bin, however, has little bearing on the value of
a subsequent bin, there may be little efficiency gam associated with the probability
update. Accordingly, bios exhibiting a low correlation may not benefit from context
adaptive coding as much as bins having relatively higher corrclations.

18145} According to aspects of this disclosure, video encoder 20 and video decoder 30
may be configured to determine a context for coding a mun value based on the index of
the run value. Additionally or alternatively, video encoder 20 and video decoder 30
may be configured to determine g context for coding a run value based on a block size
of a block currently being coded, or a palctic size of a paletic for the block currently
being coded. In some examples, aspects of this disclosure include using nwltiple
contexts to code a ran value.

1#146} In one example, according to aspects of this disclosure, video encoder 20 and
video decoder 30 may be configured to use seven contexts for coding a run value, For
example, seven contexts may be defined for coding a flag that mdicates that a run valoe
is greater than zero. This example is illustrated in Table 1 below:

TABLE 1 - SEVEN CONTEXTS FOR CODING RUN BASED ON INDEX
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Index Run context
{ {}
i i
2 2

L]
L

[4. 7] 4
3. 13] 5
(16, 31] 6

While the exarple of Table 1 illustrates seven contexis, in other examples, an
alternative number of contexts may be defined based on an index value of the yum being
coded. Table | may assume that the MAX PLT SIZE syntax cloment is 32.

[8147] In another example, video encoder 20 and video decoder 30 may be configured
to use two contexts to code the run values for Value mode based on the index value.

For example, for a Value mode index 8, video encoder 20 and video decoder 30 may be
configured to use run context (0) to code data that indicates the run value. In this
example, for all other Value indices, video encoder 20 and video decoder 30 may be
configured to use run context (1) to code data that indicates the run value.

{8148} In ancther example, video encoder 20 and video decoder 30 may be configured
to use two condexts to code the run values in Value mode based on the index value. In
this examples, for Value fndices 0 and 1, video encoder 20 and video decoder 30 may be
configured to use nun context {0) to code data that indicates the run value. For Value
indices greater than 1, video encoder 20 and video decoder 30 may be configured to use
run context (1) to code data that indicates the run value.

{81491 In still another example, video encoder 26 and video decoder 30 may be
configured to use three contexts to code the run valaes in Value mode based on the
index value. For example, for Value index §, video enceder 20 and video decoder 30
may be configured 10 use run context (0) for coding the data that ndicates the run, For
Value indices of | and 2, video enceder 20 and video decoder 30 may be configured to
use run context (1} 1o code the data that indicates the run. For Value indices greater
than 2, video encoder 20 and video decoder 30 may be configured to use run context (2)
10 code the data that mdicates the rum vahae.

(8158} In still another example, three contexts may be used to code the run values in

Value mode based on the index value., For exanple, for Value indices §and 1, video
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encoder 20 and video decoder 30 may be configured to use run context (0) to code data
that indicates the run value. For Value indices in the range from 2 to 5, inclusive, video
encoder 20 and video decoder 30 may be configured to use run context (1) to code data
that indicates the run value. For Value tndices greater than 5, video cocoder 20 and
video decoder 30 may be configured to use run context {2) to code data that indicates
the run value.
[$151] In another example, four contexts may be used o code the run valugs in Value
mode depending on (e.g., based on) the index value. For example, for Value index 0,
video encoder 20 and video decoder 30 may be configured to use rum context () to code
data that indicates the run value, For Value indices 1 and 2, video encoder 20 and video
decoder 30 may be configured to use run context (1) 1o code data that indicates the run
value. For Value indices in the range from 3 to 6, inclusive, video encoder 20 and video
decoder 30 may be configured to use run context (2} to code data that indicates the run
value., For Value indices greater than 6, video encoder 20 and video decoder 34 may be
contigured to use run context (3) to code data that indicates the run value may be gsed.
In some instances, any combination of the above techniques may be used 1o determme
context,
18152} The above-deseribed techniques may be used to code any combination of bins of
a binarized run valoe. For example, as noted above, a binarized run valoe may mclude a
first bin that indicates whether the nim valoe is greater than zero, a second bin that
indicates whether the run value is greater than one, a third bia that indicates whether the
run value is greater than two, and any othet bins needed to represent the run value,
According to aspects of this disclosure, video encoder 20 and video decoder 30 may be
configured to select the above-defined contexts for coding the first bin of the binaraired
run valoe, the second bin of the binarized run value, the third bin of the binarizied run
value, or any combination thercof. The techniques may also be applicd to other
binarizations of a run value.
18153} According to aspects of this disclosure, the context may be based on an actual
index value or an adjusted index vahue. For example, tn one example, the run contexts
may depend on the syntax element adjusted palette index rather than the syntax
palette mdex, where the syntax clement adjusted palette index may indicate an
adjusted index based on the following conditions:

If (adjusted paletic_index >= adjustedR ofindex) then paletie index =

adjusted palette index+1
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Otherwise, (palette_index = adjusted palette index)
as described in Wet Pu et al, “SCCE3: Test B.12 - Binarization of Escape Sample and
Falette Tndex,” JCTVC-ROO65, Sappore, JP, 30 June ~ 9 July 2014 (JCTVC-RO065).
That s, according to aspects of this disclosure, video encoder 20 and vidoo decoder 30
may be configured 1o determine context for coding a run value based on a paletie index
signaled in a bitstream (which may be associated with the adjusted palette index syntax
clement} rather that the paletie index actuslly used to code a sample in a block, in
instances in which an adjusted palette index is signaled in the bitstream,
{8154} In ancther example, if a trumcated binary code is used in coding the index, video
encoder 20 and video decoder 30 may be configured to select the run contexts based on
the first k" bits of the index syntax {e.g., as described, for example, in Section 9.3.3.x of
JCTVC-ROG65). For example, using fruncated binary code, the syntax element to
represent a palette index may use 4 bits or 4+7 bits, based on the relative value of the
paletto index to the variable », described below (as described in Section 8.3.3.x of
JCTVC-RO063)):
Input to this process is a request for a T binavization for a syntax clement with
valoe synVal, cMax. Output of this process is the TB binarization of the syntax element.
Letn=cMax + 1, k = floor( fog2(n) ) such that 2 <n < 2" and fetu=2"" - n.
If synVal <y, the TB bin string s specified by the binary representation
of synVal with length k.
Otherwisc, the TB bia string is speeitficd by the binary representation of
syaVal + v with leogth k + 1.
18158} In this example, the run contexts only depend on the first £ decoded bits. Hence,
for example, video decoder 30 does not need to wait to decode the possible &+ /7 bit prior
to determining the contexts.
(8156} In anothor exanple, video cncoder 20 and video decoder 30 may be configured
to use multiple contexts based on the index value, the size of the palette of a block
currently being coded, and/or a size of the block currently being coded. If the Limited
Run mode described above 1s used 10 code a block, video encoder 20 and video decoder
30 may be configured to select context based on the index value, the size of the block,
and/or the index threshold sbove which a num is not signaled,
(8157} If the Transition Rum moede is also used, this technigue may be extended to the
Transition Run mode as well. In this case, for the Transition Run mode, video encoder

28 and video decoder 30 may be configured to determine contexts for coding the run
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based on the index value, the size of the block, and/or the index threshold above which a
run is not signaled. In this case, separate sets of contexts may be used for rums
corresponding to Value mode and Transition Run mode.

181588} Other aspects of this this disclosure relate to coding rums of paletio indices that
are coded using more than one paletic mode. For exarple, in the CopyvFromTop mode
described in JCTVC-Q0094, it is not possible to copy a sample coded as an escape
sample or an escape flag from the Hne. One example of two rows of indices is shown in
Tahle 2 below:

TABLE 2 - EXAMPLE INDICES

Line | 5 > 4 ESC 5 i
above

( urrent 1 2 2 4 ESC 3 2
bine

where the vumerical values represent indices and ESC represends a sample coeded as an
escape sample. In this example, starting from the leflmost sample in the above example,
as per JCTVC-QU094, video encoder 20 may signal CopyFromTop mode. Vidgo
encoder 20 may also signal a ron value of three, as copying escape values or flags is not
perautied. Accordingly, the saraple coded 1n as an cscape sample terminates the run,
(8189} Standard submission docoment Hanging Zha et al., “AHG10: Modified Copy
Above Mode for Palette Based Coding,” ICTVC-Q0174, Valencia, ES, 27 March ~ 4
April 2014 JCTVC-QO174 1 desertbes allowing copying of escape values {e.g., the
actual pixel values) in a rum. However, this technique requires that the values associated
with the escape samples are identical.

{8166} According to aspects of this disclosure, video encoder 2( and video decoder 30
may be configured to code data indicating more than one palette mode v a vun of
indices. For example, video encoder 20 and video decoder 30 may be configured to
copy escape flags (in explicit escape signaling) or an escape index {in implicit cscape
signaling} with other indices that have associated color valucs in a paletic. With respect
to the example of Table 2 above, video encoder 20 may be configured to signal
CopyFromTop mode followed by data that indicates a vim value of six. This technique
may achieve the advantage of increasing the size of runs, which may resulf in fmproved
data compression.

{81611 According to aspects of this disclosure, during the run of indices coded relative

to indices of another row, if a sample of the run has a sample located directly above the
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sample that is coded as an cscape sample, video encoder 20 and video decoder 30 may
be configured to infer that the sample is coded as an escape sample. In this example, the
actual valuc of the sample may be signaled following the run.
18162} In some examyples, video encoder 20 and video decoder 30 may be configured
not to use CopyFromTop mode for a sample if the above-neighborng sample {c.g., the
sample located directly above the sample being coded) is coded as an escape sample. In
instances in which samples coded as escape samples are permitted o be included ina
run associated with the CopyFromTop palette mode (as described above) some
redundancies associated with signaling the Escape mode may be removed. Ina first
example, according to aspects of this disclosure, if the sample that follows a rom of
indices has an above-neighboring sampic that i3 coded as an cscape sample, video
encoder 20 and video decoder 30 may be configured not to code the following sampie as
an escape sample. In this example, the sample may not be coded as an cscape sample,
Because it would otherwise be included in the CopytromTop run. In this example,
video encoder 20 and video decoder 30 may be configured to skip the coding of an
cscape flag or an escape index, because video encoder 20 and video decoder 30 may be
configured to infer that the sample 18 not coded as an escape sample.
(8163} For the same reasons as the above-described example, video encoder 20 and
video decoder 3¢ may be configured not to code a sample using the CopyFromTop
mode following a CopyFromTop nim. Accordingly, video encoder 20 and video
decoder 30 may be configured to skip the coding of a mode-related syntax cloment {¢.g.,
a flag that differentiates between CopyFromTop or Value modes), and video encoder 20
and video decoder 30 may be configured to infer that the sample is coded in Value
mode.
18164} In a second example, if the last sample included into CopyFromTop ron is an
cscape sample and the following sample is coded with the Value mode, video encoder
20 and video decoder 30 may be configured to adjust the index of the Value mode (as
well as the maxinwm possible indices number that myay be used in the tnmeated
binarization 1o code the Value index) by checking the index value of the above-
neighboring sample to the following sample. In this case, if the above-neighboring
pixel has an index, then video encoder 20 and video decoder 30 may be contigured to
educe the Value index by one if the value of the index is greater than the index above.
Video encoder 20 and video decoder 30 may be configured to reduce the maximum

possible indices number by one to code the mdex. In the reconstruction stage, video
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docoder 30 may check the decoded index value to determine whether the index 18
greater or equal o the above-neighboring index, and, if so, increase the decoded value
by one.

18165} FIG. 2 15 a block diagram tlustrating one exanple video encoder 20 that may
mmplement the techniques of this disclosure. FIG. 2 is provided for purposes of
explanation and should sot be considered limiting of the techniques as broadly
gxemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 20 in the cortdext of HEVC coding. However, the
techmiques of this disclosure may be applicable to other codmg standards or methods.
[8166] Video encoder 20 represents an example of a device that may be configured o
perform techniques for palette-based video coding in accordance with various cxamples
described in this disclosure. For example, video encoder 20 may be configured to
selectively code varipus blocks of video data, such as CUs or PUs in HEVC coding,
using either palette-based coding or non-paletie based coding. Non-palette based
coding modes may refer to various inter-predictive teraporal coding modes or intra-
predictive spatial coding modes, such as the various coding modes specified by HEVC
Draft 10. Video encoder 20, in one example, may be configured to generate a palette
having entrics indicating pixel values, sclect pixel values in 2 palette o represent pixels
values of at least some pirel locations in a block of video data, and signal mformation
associating at least some of the pixel locations in the block of video data with entries in
the paletic corresponding, respectively, to the sclected pixel values in the paletic. The
signaled information may be used by video decoder 30 to docode video data.

18167} In the example of FIG. 2, video encoder 20 includes a prediction processing unit
100, video data memory 101, a residual generation unit 102, a transform processing unit
104, a quantization unit 106, an nverse quantization unit 10¥, an inverse transform
processing unit 110, a reconstruction umit 112, & filicr unit 114, a decoded picture buffer
116, and an entropy encoding unit 118, Prediction processing untt 100 inchades an
inter-prediction processing unit 120 and an intra-prediction processing unit 126, Inter-
prediction processing volt 120 jucludes a votion estiroation unit and a motion
compensation unit (not shown). Video encoder 20 also includes a palette-based
encoding unit 122 configured to perform varicus aspects of the palette-based coding
techniques described in this disclosure. In other examples, video enceder 20 may

inchude more, fower, or different functional components.
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18168} Video data memory 101 may store video data t0 be encoded by the components
of video encoder 20. The video data stored in video data memory 101 may be obtained,
for example, from video source 14, Decoded picture buffer 116 may be a reference
picture memory that stores reforence video data for use in encoding video data by video
encoder 20, ¢.g., in intra- or inter-coding modes. Video data memory 101 and decoded
picture buffer 116 may be formed by any of a variety of memory devices, such as
dynamic random access memory {DRAM), including synchronous DRAM (SDRAM),
magnetoresistive RAM (MRAM), resistive RAM (RRAM), or other types of memory
devices. Video data memory 101 and decoded picture bufter 116 may be provided by
the same memory device or separate memory devices. In various examples, video data
memory 101 may be on-chip with other compouncents of video encoder 20, or oft-chip
relative to those components.

(8169} Video encoder 20 may receive video data. Video encoder 20 may encode each
CTU in a slice of a picture of the video data. Each of the CTUs may be associated with
cqually-sized fluma coding tree blocks (CTBs) and corresponding CTBs of the picture.
As part of encoding a CTU, prediction processing unit 130 may perform quad-tres
partitioning to divide the CTBs of the CTU into progressively-smaller blocks. The
smaller block may be coding blocks of CUs. For example, prediction processing unit
100 may partition a CTE associated with a CTU o four equally-sized sub-blocks,
partition one or more of the sub-blocks into fouwr equally-sized sub-sub-blocks, and so
(218

18178} Video encoder 20 may encode CUs of & CTU 1o generate encoded
representations of the Clls (e, coded CUs). As part of encoding a CU, prediction
processing unit 100 may partition the coding blocks associated with the CU among one
or more PUs of the CU. Thus, each PU may be associated with 2 lums prediction block
and corrcsponding chroma prediction blocks, Video encoder 20 and video decoder 30
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 lama prediction bleck of the PU. Assuming that the size of a particular CU is
INx2IN, video encoder 20 and video decoder 30 may support PU sizes of 2Nx2N or
MNxN for intra prediction, and symmetric PU sizes of 2ZNx2N, 2NxN, NxZN, NxN, or
similar for inter prediction. Video encoder 20 and video decoder 30 may also sepport
asymmetric partitioning for PU sizes of 2Nxull, ZNxnd3, nL.x2N, and nRx2N for inter

prediction,
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18171} Inter-prediction processing unit 120 may gonerate predictive data for a PU by
performing inter prediction on each PU of a CU. The predictive data for the PU may
include predictive blocks of the PU and motion information for the PU. Inter-prediction
unit 121 may perform different operations for 2 PU of a CU depending on whether the
PU s inan lslice, a P slice, or a B slice. Inan I slice, all PUs are ntra predicted.
Hence, if the PU is in an  slice, inter-prediction wmit 121 does not perform inter
prediction on the PU. Thus, for biocks encoded in I-mode, the predicted block is
formed using spatial prediction from previously-encoded neighboring blocks within the
same frame,

[8172] If a PU is in a P slce, the motion estimation unit of inter-prediction processing
unit 120 may scarch the reference picturcs in a list of reference pictures {e.g.,
“RefPicList(”) for a reference region for the PU. The reference region for the PU may
be a region, within a reference picture, that contains sample blocks that most closely
corresponds to the sample blocks of the PU. The motion cstimation unit may gencrate a
refercnce index that indicates a position in RefPicList0 of the reference picture
containing the reference region for the PUL In addition, the motion estimation unit may
generate an MV that indicates a spatial displacement between a coding block of the PU
anid a reference location associated with the reference region. For instance, the MV may
be a two-dimensional vector that provides an offsst from the coordinates i the current
decoded picture to coordinates in a reference picture. The motion estimation pnit may
cutput the reference index and the MV ag the motion information of the PU. The
motion conpensation unit of inter-prediction processing unit 120 may gonerate the
predictive blocks of the PU based on actual or inferpolated samples at the reference
Ioeation indicated by the motion vector of the PU.

(8173} If a PU is in a B slice, the motion estimation unit may perform uni-prediction or
bi-prediction for the PU. To perform uni-prediction for the PU, the motion cstimation
unit may search the reference pictures of RefPicList0 or 4 second reference picture list
{“RefPicList]”} for a reference region for the PU. The motion estimation unit may
ouiput, as the motion information of the PU, a reference index that indicates a position
in RetPicList0 or RefPiclist] of the reference picture that contains the reference region,
an MV that indicates a spatial displacement between a prediction block of the PU and a
reference location associated with the reference region, and one or more prediction
direction indicators that indicate whether the reforence picture is in RefPicList0 or

RefPicList]. The motion compensation unit of inter-prediction processing unit 120 may
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generate the predictive blocks of the PU based at least in part on actual or interpolated
samples at the reference region indicated by the motion veetor of the PUL

(8174} To perform bi-directional inter prediction for a PU, the motion estimation unit
may scarch the reference pictures m RefPickListd) for a refercnce region for the PLU and
may also scarch the reference pictures in RetPicListl for another reference region for
the PU. The motion estimation unit may generate reference picture indexcs that indicate
positions in RefPicList0 and RefPichistl of the reference pictures that contain the
refercnce regions. In addition, the motion estimation unit may gencrate MVs that
indicate spatial displacements between the reference location associated with the
reference regions and a sample block of the PU. The mwotion information of the PU may
inchude the reference fndexes and the MVs of the PUL The motion compensation unit
may generate the predictive biocks of the PUJ based at least in part on actual or
interpolated samples at the reference regions indicated by the motion vectors of the PUL
{6178 In accordance with varicus examples of this disclosure, video encoder 2¢ may be
contigured to perform palette-based coding. With respect to the HEVC framework, as
an cxample, the palette-based coding techniques may be configured to be used as a
coding onit (CU) mode. In other examples, the palette-based coding techniqoes may be
configured to be used as a PU mode in the framework of HEVC. Accordingly, all of the
disclosed processes described heremn (throughout this disclosure) in the context of a CU
mode may, additionally or alternatively, apply to PU. However, these HEVC-based
examples should not be considered a restriction or limitation of the paletic-based coding
techuiques described herein, as such techniques may be applied to work independently
or as part of other existing or yet to be developed systems/standards. 1o these cases, the
vunit for palette coding can be square blocks, rectangular blocks or even regions of non-
rectangular shape.

(8176} Palctic-bascd cncoding unit 122, for example, may perform palctte-based
decoding when a palette-based encoding mode is selected, e.g., for a CU or PUL For
example, palette-based encoding unit 122 may be configure to gencrate a paletic having
entrics indicating pixel values, select pixel values in a paletie to reprosent pixels values
of at least some positions of a block of video data, and signal informarion associating at
Izast some of the positions of the block of video data with entrics in the paleite
corresponding, respectively, to the selected pixel values. Although various functions

are described as being performed by palette-based encoding wnit 122, some or all of
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such functions may be performed by other processing units, or a combination of
different processing units,

(8177} According to aspects of this disclosure, palette-based encoding unit 122 may be
cenfigured to perform any combination of the techuiques for paletie coding described
herein. For example, as described with respect to FIGS. 4-7 below, according to aspects
of this disclosure, palette-based encoding unit 122 may be configured to reinitialize a
predictor palette for constructing a palette for a block of video data based on one or
more blocks of another line. For example, as described herein, palette-based encoding
it 122 may determine a first palette for a first block of video data that s focated in a
first row of blocks. Palette-based encoding unit 122 may also generate a predictor
paletic when encoding one or more other blocks in the fisst row. Upon coding a block
n a second row, palette-based encoding unit 122 may reinitialize the predictor palette
for determining a palette of the bloek in the second row based on the entries of the first
paleite.

18178} In another exarple, palette-based encoding unit 122 may be configured to
encode a run of indices that includes samples coded using wore than one palette mode.
For example, palette-based encoding unit 122 may determine palette indices of a first
row of a block of video data, where the paletie indices include one or more indices that
are associated with a color value in the palette and a syntax element that s not
associated with & color value n the palette. Palette-based encoding vnit 122 may also
encode a run of palette indices of a sccond row of the block of video data relative to the
palette indices of the first row, where the run includes the one or more indices that are
associated with a color value in the paletie and the syntax clement that is not associated
with a ¢color vahug in the palette.

18179} Intra-prediction processing unit 126 may generate predictive data fora PU by
performing intra prediction on the PU. The predictive data for the PU may nclude
predictive blocks for the PU and various syntax clements. Intra-prediction processing
unit 126 may perform intra prediction on PUs in 1 slices, P slices, and B slices.

16188} To perform fntra prediction on @ P, intra-prediction processing vait 126 may
use muliiple intra prediction modes to generate mukltiple sets of predictive data for the
PUL Intra-prediction processing unt 126 may use samples from sample blocks of
neighboring PUs to generate a predictive block for a PU. The neighboring PUs may be
above, above and fo the right, above and to the left, or to the left of the PU, assuming a

feft-to-tight, top-to-bottom encoding order for PUs, Cls, and CTUs. Intra-prediction
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processing unit 126 may use various numbers of intra prediction modes, e.g., 33
directional intra prediction modes. In some exampies, the namber of ntra prediction
maodes may depend on the size of the region associated with the PUL

{8181} Prediction processing vnit 100 may select the predictive data for PUs ofa CU
from: among the predictive data generated by mier-prediction processing vnit 120 for the
PUs or the predictive data gencrated by intra-prediction processing uait 126 for the PUs.
In some examples, prediction processing unit 100 selects the predictive data for the PUs
of the CU hased on rate/distortion metrics of the scts of predictive data. The predictive
blocks of the selected predictive data may be referred to herein as the selected predictive
blocks.

(8182} Residual generation unit 102 may gencrate, based on the lama, Cb and Cr
coding block of a CU and the selected predictive luma, Cb and Cr blocks of the PUs of
the CU, a luma, Cb and Cr residual blocks of the CU. For instance, residual generation
unit 102 may generate the residual blocks of the CU such that each sample in the
residual blocks has a value equal to a difference between a sample o a coding block of
the CUJ and a corresponding sample in a corresponding selected predictive block of a
PU of the C11.

{8183} Transform processing unit 104 may perform quad-tree partitioning to partition
the residual blocks associated with a CU into transtorm blocks associated with TUs of
the CU. Thus, 2 TU may be assoctated with a hima transform block and two chroma
transform blocks. The sizes and positions of the luma and chroma transform blocks of
TUs of a CU may or may not be based on the sizes and positions of prediction blocks of
the PUs of the CU. A quad-tree structure known as a “residoal quad-ree” (RQT) may
mchide nodes associated with each of the regions. The TUs of a CU may correspond o
teat nodes of the RQT.

(8184} Transform processing unit 104 may generate transform coctficient blocks for
each TU of a CU by applying one or more transforms to the transform blocks of the TU.
Transform processing vuit 104 may apply varicus transforms to a transform block
associated with a TU. For sxample, transform processing unit 104 may apply a discrete
cosine transform (DCT), a directional fransform, or a conceptually similar transform to
a transform block. In some examples, transform processing unit 104 does not apply
transforass to a transform block. In such examples, the transform block may be treated

as a fransform coefficient block.



CA 02947042 2016-10-25

WO 2015/179827 PCT/US2015/032282
48

16185} Quantization unit 106 may quantize the wansform coefficients in a coefficiont
block. The gquantization process may reduce the bit depth associated with some or alf of
the transtorm coefficients. For example, an »-bit transform coefficient may be rounded
down to an m-bit transform coefficient during guantization, whore » is groater than m,
Quantization unit 106 may quantize a coefficient block associated with a TU ofa CUJ
based on a quantization parameter (QF) value associated with the CUL Video encoder
Z2{ may adjost the degree of guantization applied fo the coefficient blocks associated
with a CU by adjusting the QP value associated with the CU. Quantization may
ntroduce loss of mformation, thus quantized transtorm coefficients may have lower
precision than the original ones.

(8186} Inverse quantization unit 108 and inverse transform processing unit 110 may
apply inverse quantization and inverse transforms to a coefficient block, respectively, to
reconstruct a residual block from the coefficient block. Reconstruction unit 112 may
add the reconstructed residual block to corresponding samples from ong or more
predictive blocks generated by prediction processing unit 100 to produce a reconstructed
transform block associated with a TU. By reconstructing transform blocks for ecach TU
of a CU n this way, video encoder 20 may reconstroct the coding blocks of the CU.
(8187} Filter unit 114 may perform one or more deblocking operations to reduce
blocking artifacts in the coding blocks associated with a CU. Decoded picture buffer
116 may store the reconstructed coding blocks after filter unit 114 performs the one or
morc deblocking operations on the reconstructed coding blocks. Inter-prediction
processing unit 120 may use a reforence picture that contains the reconstructed coding
blocks to perform inter prediction on PUs of other pictires. In addition, intra-prediction
progessing unit 126 may use reconstructed coding blocks m decoded pictore buffer 116
to perform intra prediction on other PUs in the same picture as the CUL

(8188} Entropy cncoding unit 118 may reccive data from other functional components
of video encoder 20. For example, entropy encoding unit 118 may receive coefficient
bilocks from quantization unit 106 and may receive syntax cloments from prediction
processing unit 100, Entropy encoding unit 118 may perform one or more entropy
encoding operations on the data to generate entropy-encoded data. For example,
entropy encoding unit 118 may perform a context-adaptive variable length coding
{CAVLC) operation, a CABAC operation, & variable-to-variable (VZV) length coding

operation, a symtax-based context-adaptive binary arithmetic coding (SBAC) operation,
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a Probability Interval Partitioning Entropy (PIPE} coding operation, an Exponential-
Golomb encoding operation, or ancther type of entropy encoding operation on the data.
{8189} To perform CABAC, entropy cncoding unit 118 may select a context model to
apply to a certain context to encode symbols 1o be transmitted.  According to aspocts of
this disclosure, entropy encoding vmit 118 may be configured to use context based on
the index value of the run value being coded. For example, entropy encoding unit 118
may be configured to determine a run value that indicates a run-length of a run of 2
paletic index of 2 block of video data. Entropy encoding voit 118 may be configured 1o
determine a context for context adaptive coding data that represents the run value based
on the palette index value.

18188 Video cncoder 20 may cutput a bitstream that includes entropy-encoded data
generated by entropy encoding untt 118, For instance, the bitstream may include data
that represents a RQT fora CUL

{8191} FIG. 3 is a block diagram illostrating an example video decoder 30 that is
contigured to implement the techniques of this disclosure, FIG. 3 is provided for
purposes of explanation and is not imiting on the techniques as broadly exemplificd
and described in this disclosure. For purposes of explanation, this disclosure describes
video decoder 30 in the context of HEVC coding. However, the technigues of this
disclosure may be applicable to other coding standards or methods.

(8192} Video encoder 30 represents an example of a device that may be configured to
perform technigues for palettc-based vidoo coding in accordance with various oxamples
described in this disclosure. For example, video encoder 30 may be configured to
selectively decode various blocks of video data, sach as CUs or PUs in HEVC coding,
using erther palette-based coding or non-palette based coding. Non-paletie based
coding modes may refor to various inter-predictive temporal coding modes or intra-
predictive spatial coding modes, such as the various coding moedes specified by HEVC
Draft 19. Video decoder 30, in one example, may be configured to generate a palette
having entrics indicating pixel values, receive information associating at least some
pinel locations in a block of video data with entrics in the palette, select pixel values in
the palette based on the information, and reconstruct pixel values of the block based on

the selected pixel valoes m the palette.
{6193} In the example of FIG. 3, video decoder 30 includes an entropy decoding oanit
150, video data memory 151, a prediction processing unitt 152, an inverse quantization

unit 154, an inverse transform processing unit 156, a reconstruction unit 138, a filter
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unit 160, and a decoded picture buffer 162, Prediction processing unit 152 includes a
motion compensation unit 164 and an intra-prediction processing unit 166, Video
decoder 30 also includes a palette-based decoding unit 165 configured to perform
various aspects of the palette-based coding tochuigues described 1 this disclosure. In
other examples, video decoder 30 may include more, fower, or different functional
components.

(8194} Video data memory 151 may store video data, such as an encoded video
bitstream, to be decoded by the components of video decoder 30, The video data stored
in video data memory 151 may be obtamed, for example, from computer-readable
medivm 16, e.g., from a local video source, such as a camera, via wired or wireless
network commmunication of video data, or by accessing physical data storage media.
Video data memory 151 may form a coded picture buffer (CPB) that stores encoded
video data from an encoded video bitstream. Decoded pieture buffer 162 may be a
reference picture meomory that stores reference video data for use in decoding video data
by video decoder 30, e.g., in infra- or inter-coding modes. Video data memory 151 and
docoded picture buffer 162 may be formed by any of a variety of memory devices, such
as dynamic random access memory (DRAM), mclading synchronous DRAM
(SDRAM), magnetoresistive RAM (MRAM]}, resistive RAM (RRAM), or other types of
memory devices. Video data memory [51 and decoded picture buffer 162 may be
provided by the same memory device or separate memory devices. In various examples,
video data momory 151 may be on-chip with other componeats of video decoder 30, or
off-chip relative to those components,

18188) A coded picture buffer (CPB) may receive and store encoded video data (e.g.,
NAL units) of a bitstream. Entropy decoding unit 150 may receive encoded video data
{e.g., NAL units) trom the CPB and parse the NAL units to decode syntax elements.
Entropy decoding unit 150 may cniropy decode entropy-encoded syntax clements in the
NAL units.

1819617 According to aspects of this disclosure, entropy decoding unit 150 may be
counfigured to use context based on the index value of the run value being coded. For
example, entropy decoding vnit 150 may be configured 1o determine a ran value that
indicates a nim-length of a run of a palette index of a block of video data. Entropy
decoding unit 150 may be configured to determine a context for context adaptive coding

data that represents the run value based on the palette index value.
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18197} Prediction processing urit 152, inverse quantization unit 154, inverse transtorm
processing unit 156, reconstraction unit 158, and filter vmit 160 may generate decoded
video data based on the syntax elements extracted from the bitstream.

(6198} The NAL units of the bifstrcam may include coded slice NAL units, As part of
decoding the bitstream, entropy decoding unit 150 may extract and entropy decode
syntax clements from the coded shice NAL umits. Each of the coded slices may include
a slice header and slice data. The shice header may contain syntax elements pertaining
to a slice. The syntax clements in the slice header may include a syntax eloment that
identifics a PPS associated with a picture that contains the shice.

[8199] In addition to decoding syntax clements from the bitstream, video decoder 30
may perform a reconstruction operation on & non-partitioned CU. To perform the
reconstruction operation on a non-partitioned CU, video decoder 30 may perform a
reconstruction operation on cach TU of the CU. By performing the reconstruction
operation for each TU of the CU, video decoder 30 may recoustruct residual blocks of
the CU.,

162881 As part of performing a reconstruction operation on a TH of a CU, fnverse
quamtization unit 154 may inverse quantize, 1.e., de-quantize, coefficient blocks
associated with the TU. Inverse quantization unit 154 may uvse a QP valuc associated
with the CU of the TU to determine a degree of quantization and, likewise, a degree of
nverse guantization for inverse quantization unit 154 to apply. That is, the compression
ratio, i.¢., the ratio of the number of bits used to reprosent original sequence and the
compressed one, may be controlied by adjusting the value of the QP used when
quantizing transform coctficients. The compression ratio may also depend on the
method of entropy coding employed.

18281} After inverse quantization unit 154 inverse quantizes g coctficiont block, inverse
transforot processing unit 156 may apply onc or more inverse fransforms to the
coefficient block m order to generate a residual block associated with the TU. For
example, inverse transform processing unit 156 may apply an inverse DCT, an inverse
integer transform, an inverse Karhunen-Loeve transform (KT}, an mverse rotational
transform, an inverse directional transform, or another nverse transform to the
coefficient block.

(6282} If a PU is encoded using intra prediction, intrg-prediction processing unit 166
may perform mtra prediction to generate predictive blocks for the PUL Intra-prediction

processing unit 166 may use an intra prediction mode to generate the predictive luma,
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Cb and Cr blocks for the PU based on the prediction blocks of spatially-neighboring
PUs. Intra-prediction processing unit 166 may determine the intra prediction mode for
the PU based on one or more syntax clements decoded from the bitstream.

18203} Prediction processing vnit 152 may construct a first reference picture list
{RefPicListd) and a second reference picture Hist (RefPicListl) based on syntax clements
extracted from the bitstream. Furthormore, if a PU is encoded using inter prediction,
entropy decoding unit 150 may extract motion information for the PU. Motion
compensation unit 164 may deterodue, based on the motion information of the PU, one
or more reference regions for the PU. Motion compensation unit 164 may generate,
based on samples blocks at the one or more reference blocks for the PU, predictive
tuma, Cb and Cr blocks for the PU.

[8284] Reconstruction unit 153 may use the luma, Cb and Cr transform blocks
associated with TUs of a CU and the predictive huma, Ch and Cr blocks of the PUs of
the CU., i.e., either intra-prediction data or inter-prediction data, as applicable, w0
reconstraet the toma, Cb and Cr coding blocks of the CUL For example, reconstruction
unit 158 may add samples of the fuma, Cb and Cr wansform blocks to corresponding
samples of the predictive luma, Cb and Cr blocks to reconstruct the loma, Ch and Cr
coding blocks of the CLL

(8205} Filter unit 160 may perform a deblocking operation to reduce blockimg artifacts
assoctated with the fuma, Ch and Cr coding blocks of the CUL Video decoder 30 may
store the fuma, Chb and Cr coding blocks of the CU in decoded picture buffer 162,
Decoded pictore buffer 162 may provide reference pictures for subscquent motion
compensation, intra prediction, and presentation on a display device, such as display
device 32 of FIG. 1. For instance, video decoder 30 may perform, based on the luma,
Cb, and Cr blocks in decoded picture buffer 162, intra prediction or inter prediction
operations on PUs of other Cls,

(8206} As noted above, video decoder 30 may be configured to perform paletie-based
coding. Paleite-based decoding unit 165, for example, may perform palette-based
decoding when a palette-based decoding mode is selected, e.g., for a CU or FU. For
cxample, palette-based decoding unit 163 may be configured to generate a palette
having entries indicating pixel values, receive information asscciating at least some
pixel locations in a block of video data with entries in the palette, select pixel values in
the palette based on the nformation, and reconstruct pixel values of the block based on

the selected pixel values in the palette. Although various functions are described as
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beng performed by palette-based decoding unit 165, some or all of such functions may

&l

be performed by other processing units, or a combination of different processing vt

P

2

[8287] Palettc-based decoding unit 165 may recetve paletie coding mode information,
and perform the above operations when the palette coding mode information indicates
that the palette coding mode applies to the block, When the palette coding mode
information ndicates that the paletie coding mode does not apply to the block, or when
other mode information indicates the use of a different mode, palette-based decoding
unit 165 decodes the block of video data using a non-palette based coding mode, e.g.,
such an HEVC mter-predictive or mira-predictive codmg mode. The block of video
data may be, for example, a CU or PU generated according to an HEVC coding process.
[8288] According to aspects of this disclosure, palstic-based decoding unit 165 may be
configured to perform any combination of the techniques for palette coding described
hercin. For example, as described with respect to FIGS. 4-7 below, according to aspects
of this disclosure, palette-based decoding unit 1635 may be configured to remitialize a
predictor palette for constructing a palette for a block of video data based on onc or
more biocks of another line. For example, as described herein, paletie-based decoding
pnit 163 may determine a first palette for a first block of video data that is located in a
first row of blocks. Palette-based decoding unit 165 may also generate a prodictor
palette when decoding one or more other blocks i the first row. Upon coding a block
1t @ second row, palette-based decoding unit 165 may reinitialize the predictor palette
for determining a palctte of the block in the sccond row bascd on the entrics of the first
palette

182691 In ancther example, as described with respect to FIG. R below, paletie-based
decoding unit 165 may be configured to decode a run of indices that inchudes samples
coded using more than one paletic mode. For example, palette-based decoding unit 163
may detorming palette indices of a first row of a block of video data, where the palette
ndices include one or more indices that are associated with a color value in the palette
and a syniax clement that is not associated with a color vahae in the palette. Paleite-
based decoding unit 165 may also decods a vun of paletic indices of 2 sccond row of the
block of video data relative 1o the palette indices of the first row, where the run ncludes
the one or morg indices that are associated with a color value in the palette and the
syniax clement that is not associated with a color value in the palette.

(8218} FIG. 4 1s a conceptual diagram illustrating an cxample of detcomining a paletie

for coding video data, consistont with techniques of this disclosure. The example of
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FI1G. 4 includes a picture 178 having a first coding unit {CU} 180 that is associated with
first palettes 184 and a second CU 188 that is associated with second paleties 192, As
described in greater detail below and in accordance with the techniques of this
disclosure, second palettes 192 are based ou fivst palettes 184, Picture 178 alse inchudes
block 196 coded with an intra-prediction coding mode and block 200 that is coded with
an inter-prediction coding mode.

[$211} The techniques of FIG. 4 are described in the context of video encoder 20 (FIG.
1 and FIG. 2} and video decoder 30 (FIG. 1 and FIG. 3) and with respect 1o the HEVC
video codng standard for purposes of explanation. However, it should be understood
that the techniques of this disclosare are not Hmited in this way, and may be applied by
other video coding processors and/or devices in other video coding processes and/or
standards.

{8212} In gencral, a palette refers to a number of pixel values that are dominant and/or
representative for a CU currently being coded, CU 18¥ in the example of FIG. 4. First
palettes 184 and sccond paletics 192 are shown as including roultiple palettes. In some
examples, according to aspects of this disclosure, a video coder (such as video encoder
28 or video decoder 30) may code palettes separately for each color component of a CUL
For example, video encoder 20 may encode a paletie for a huma (Y) component of a CU,
another palette for a chroma (1) component of the CU, and yet another palette for the
chroma {V) component of the CU. In this example, entries of the Y paletic may
represent Y values of pixels of the CU, entrics of the U paletic may represent U valucs
of pixels of the CU, and entries of the V palette moay represent V values of pixels of the
Cu.

(6213} In other examples, video encoder 2 may encode a single palette for all color
components of a CU. In this example, video encoder 20 may encode a palette having an
i-th cutry that is a triple value, including Y4, Ui, and Vi In this case, the paletie
ncludes values for each of the components of the pixels. Accordingly, the
representation of palettes 144 and 192 as a sat of paleties having multiple individual
palettes is morely one example and not intended to be limiting,

16214} In the example of FIG. 4, first palettes 184 includes three entries 202-206 having
entry index value 1, entry index value 2, and entry index value 3, respectively, Entries
202-206 relate the index values to pixel values including pixel value A, pixel value B,
and pixel value C, vespectively. As described herein, rather than coding the actual pixel

values of first CU 188, a video coder (such as video encoder 20 or video decoder 30)
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may use palette-based coding to code the pixels of the block using the indices 1-3. That
is, for each pixel position of first CU 180, video encoder 2{} may encede an index value
for the pixel, where the index value is associated with a pixel value in one or more of
first palettes 184, Video decoder 30 may obtain the index values from a bitstream and
reconstruct the pixel values using the index values and one or more of fivst palettes 184,
Thus, first palettes 184 are transmitted by video encoder 20 in an encoded video data
bitstream for use by video decoder 30 in palette-based decoding.

16218} In some exaraples, video encoder 20 and video decoder 30 may determine
second palettes 192 based on fixst palettes 184, For example, video eucoder 20 and/or
video decoder 30 may locate one or more blocks from which the predictive palettes, in
this example, first palettes 184, are detormined. The combination of entrics being used
for purposes of prediction may be referred to as a predictor palette.

(8216} In the example of FIG. 4, second palettes 192 include three entrics 208-212
having entry ndex value 1, entry index vablue 2, and endry mndex value 3, respectively.
Eutries 208-212 relate the index values to pixel values including pixel value A, pixel
vatue B, and pixel value D, respectively. In this example, video encoder 20 may code
one or more syntax elements indicating which entries of first palettes 184 (ropresenting
a predictor paletie, although the predictor paletic may include cotries of a number of
blocks) are mcluded n second palettes 192,

(8217} In the exampie of FIG. 4, the one or more syntax elements are ilustrated as a
vector 216, Vector 216 has a number of associated bins {or bits), with cach bin
indicating whether the predictor palette associated with that bin is used to predict an
entry of the current palette. For example, vector 216 indicates that the first two entries
of first paleties 184 (202 and 204) are included in second paleties 192 (a value of “1” in
vector 216), while the third entry of first palettes 184 is not included in sccond palettes
192 {a valuc of “0” in vector 216). In the cxample of FIG. 4, the vector is a Boolean
vector, The vector may be referred 1o as a palette prediction veetor,

18218} In some exarnples, as poted above, video encoder 20 and video decoder 30 may
determine a predictor palette (which vay also be referred to as a predictor paletie table
o1 predictor palette Hst) when performing palette prediction. The predictor palette may
inchude entrics from palettes of one or more neighboring blocks that are used to prodict
one or more entries of & palette for coding a corrent block. Video encoder 20 and video

decoder 30 may construet the list in the same mamer. Video encoder 20 and video
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docoder 30 may code data (such as vector 216) to indicate which entries of the predictor
paletie are to be copied to a palette for coding a current block.

[8219] According to aspects of this disclosure, a predictor paleite (such as the predictor
palette associated with vector 216) may be reinttialized for gencrating a paletic
associated with certain blocks in @ picture and/or tile of video data. For example, as
described in greater detail with respect to the examples of FIGS. 5-7 below, a predictor
palette for constructing a paletie for g block of video data in a first line may be
reinitialized based on one or more blocks of another line. In one example, video
encoder 20 and video decoder 30 may determine a first palette for a fivst block of video
data that is located in a first row of blocks, Video encoder 20 and video decoder 30 may
also gencrate a prodictor paletic when coding one or more other blocks in the first row,
Upon coding a block in a second row, video encoder 20 and video decoder 30 may
reinitialize the predictor palette for determining a palette of the block in the second row
Based on the entries of the first palatte.

18228] FIG. 5 is a conceptual diagram llustrating example tiles in accordance with the
High Efficiency Video Coding (HEVC) standard. HEVC contains several proposals to
make the codec more parallel-friendly, including tiles and Wavefront paratlel processing
(WPP). HEVC WD10 defines tiles as an intoger munber of CTBs co-occurring in one
column and one row, ordered cousecutively in a CTB raster scan of the file. The
division of cach picture into tiles may be referred to as a partiioning. Tiles in g picture
are ordered consecutively in the file raster scan of the picture as shown in FIG. §.
16221} For cxample, FIG. 5 illustrates an cxample CTB coding order for a picture 220
that is partitioned wnto multiple tiles 222A, 2228, 222C, 22203, 2228, 222F, 2220,
2272H, and 2221 (collectively, “tiles 2227), with tile boundaries indicated by the thick
lincs. Each square block in picture 220 represents a pixel block associated with a CTB.
The mambers in the pixel blocks indicate positions of the corresponding CTBs {¢.g.,
LCUs) in a tile coding order for pietare 220,

18222} As illostrated in the example of FIG. 5, CTBs in tile 222A are caded first,
followed by CTHs in tile 2228, followed by CT8s intile 222C, followed by CTHs in
tile 222D, followed by CTBs in tile 222E, followed by CTBs intile 222F, followed by
CTBs in tile 222G, followed by CTBs in tile 222H, followed by CTBs 1 tide 2221, The
order of processing tiles 222 is generally illystrated by the numbers included in tiles

222, Within each of tiles 222, the CTBs are coded according to a raster scan order.
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18223} The number of tiles and the location of their boundaries may be defined for the
entire sequence or changed from pienire to picture. Tile boundaries, similarly to shice
boundarics, break parse and prediction dependences so that a tile can be processed
ndependently. However, n some instances, in-loop filters {¢.g., de-blocking and
sample adaptive offset (SAQ) filters) may still cross tile boumdaries.

{8224} Using tiles may enhance paralielism, because no {or relatively littic)
communication is needed between processors or processor cores for entropy decoding
and motion compensation reconstruction. In addition, tiles may exhibit a relatively
botter coding efficiency when compared to slices, because tiles allow picture partition
shapes that contain samples with potentially higher correlation than sHees. Tiles may
also reduce shice header overbead.

8225} According to aspects of this disclosure, video encoder 20 and video decoder 30
may reinitialize a predictor palette for determining a palette of a CTB based on a palatte
of another CTB. In an example for purposes of illustration, video encoder 20 and video
decoder 30 may be configured to reinitialize a predictor paletic for determining a current
palotte of a current CT8 at the beginning of each CTB hne. Video encoder 26 and
video decoder 3¢ may reinitialize the predictor palette using paletie entries from a first
CTB of the CTR line above the current CTR,

[8226] In an example for purposes of tlustration, after coding CTH (4) (of tile 222A)
using palette-based coding, video encoder 20 and video decoder 30 may be configured
to gencrate a predictor palette for determining a paletic of CTB (5) (of tile 222A). In
addition, video encoder 20 and video decoder 30 may be configured to update the
predictor palette atter coding cach of CTB (5}, CTB (6}, and CTB (7} using a paletic-
based coding mode. That 15, video encoder 20 and video decoder 30 may replace or add
one or more entries of the predictor paletic after coding ecach of CTB (5), CTB (6), and
CTR (7.

(8227} According to aspects of this disclosure, when coding CTB (8) of the CTB line
below the CTB line that inchides CTB (4) (assoming the raster scan order), video
encoder 20 may retnitialize the predictor palette prior o generating & paletic for coding
CTB (8). For example, rather than using the predictor palette as previously updated
based on CTB (7}, video encoder 20 and video decoder 30 may reinitialize the predictor
paletic based on entries of a paletie associated with the first CTB of the above-

~4r
,

veighboring CTB row, .e, CTB (4}, In this manner, the predictor palette for generating
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the palette for CTB (8) may be more likely to have colors similar to those used in CTB
{8}, because CTE (4) is located spatially closer to CTB (4) than CTB (7).
(8228} As noted above, video encoder 20 and video decoder 30 may reinitialize the
predictor paletie based on eutrics of a palotte of the first UTB of the above-neighboring
CTB row, Le., CTB (4). According to some examples, video encoder 20 and video
decoder 30 may be configured to reinitialize the predictor palette for CTB (8) {c.g., the
predictor palette used {o generate a palette for coding samples of CTB (8) by replacing
cutries of the predictor palette with entries from the palette used to code CTB (4).
18228} In ancther example, according to aspects of this disclosure, video encoder 20
and video decoder 30 may be configured to reinitialize the predictor paletic in based on
a predictor palette associated with CTB (4) that includes entrics from the paletic of CTB
{4). For example, as neted above, video encoder 20 and video decoder 30 may generate
a predictor palette {or update a previcusly geacrated predictor paletie) after coding CTB
{4). Video encoder 20 and video decoder 30 may include entries from CTB (4) in the
generated or updated predicior palette. In this case, video encoder 20 and video decoder
30 may reinitialize the predictor paletie based on entries of the predictor palette after
ceding CTB (4) and prior to coding CTB (5). In this example, video encoder 20 and
video decoder 30 may be configured to reinitialize the predictor palette of CTB (R} after
finishing the coding of CTB (4) and before coding CTB (5},
(#2387 While the example above is described with respect to CTB (4) and CTB (5),
video enceder 20 and video decoder 30 may be configured fo apply goneralized
techuiques in a simdlar manner, For example, with respect to the oxample of
reinitializing the predictor palette for CTB (8), video encoder 20 and video decoder 30
may be configured to generate and/or update a predictor palette after coding N CTRBs of
the ling of CTBs above CTB (8) (e.g., the above-neighboring Hine of CTBs, which
inchudes CTB {4)). Video encoder 20 and video decoder 30 may be configured to
reinttialize the predictor palette for CTB (R) based on the generated (or updated)
predictor paleite and before starting to code of the N+7"CTB ia the CTB line above
CTB (4). Accordingly, in some exaniples, the predictor palette used for re-initiakization
may include entries that are different than (or in addifion to) the entries of the palette for
CTB 4).
(6231} In one cxample, process described above for CTB (4) may be instead performed
for CTB (5). For example, the predictor palette generated after CTH (5) may be used

mstead of CTH (4) in the above example. In this case, the CTR used for the palette re-
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intialization process may be the same CTB used for CABAC context initialization
process apphied for wavefronts, which would potentially harmonize palette re-
initialization with the context initialization process.

18232} In some examyples, video encoder 20 and video decoder 30 may be configured
not to reinitialize a predictor palette for an initial CTB that is located in the top Hne
{assuming a top to bottom raster scan} of a picture or tile. For example, video encoder
28 and video decoder 30 may be configured not to reinitialize a predictor paletie for
CTB (0) (of tile 222A), becausc there s no CTB located above CTB (0).

18233} While the examples of FIG. 5 are described with respect to CTRs for purposes
of ittustration, it should be understood that the techniques may be extended to any type
of block of video data.

(8234} FIG. 6 18 a conceptual diagram llustrating wavefronts for wavefront paralle]
processing ( WPP). HEVC defines a WPP tochnique. When WPP is enabled, cach CTU
row of a pieture is a separated partition. Compared to slices and tiles, however, no
coding dependences are broken at CTU row boundaries. Additionally, CABAC
probabilitics ave propagated from the second CTU of the previous row, 1o fiwther reduce
the coding losses. Also, WPP does not change the regular raster scen order. Because
dependences are not broken, the rate-distortion loss of a WPP bitstream is small,
compared to a nonparalist bitstream,

[#235F When WPP s enabled, o mumber of processors up to the mmmber of CTU rows
can work in parallel to process the CTU row (or lines). The waveiront dependenecs,
however, do not allow all the CTU rows to siart decoding at the beginning of the
picture. Conseguently, the CTU rows also cannot finish decoding at the same time at
the end of the picture. This tntroduces paraliclization inefficiencies that become more
cvident when a high number of processors are used. FIG. 6 illustrates how WPP
processes rows of CTBs in paraliel, cach row starting with the CABAC probabilitics
available atfier processing the second CTH of the row above,

18236} According to aspects of this disclosure, as described in greater detail below,
video enceder 20 and video decoder 30 may determine whether fo reset a predicior
paletie based on the wavefronts llustrated in FIG. 6.

16237} FIG. 7 1s a conceptual diagram illostrating an example of predictor palette reset
in the presence of multiple tiles and wavefronts, consistent with the techniques of this
disclosure. Inthe example of FIG. 7, relatively thicker solid lines may jndicate tile

boundarics, such as tile boundaries of tile 230, Dashed lines indicate CTB boundaries.
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For example, CTB row 232 indicates a tile row of CTBs including the two upper-most
CTBs of tile 230

(8238} Some technigues of this disclosure mehude resetting a predictor paletie based on
a number of wavefronts and/or a number of tiles being used to code a picture, such as
pictore 234, For example, according to aspects of this disclosure, video encoder 20 and
video decoder 30 may reset a predictor palette for first tile CTBs (such as the gpper-
fefimost CTB of tile 230} when multiple wavefronts and multiple tiles are used to code
picture 234 (such as the tiles and wavefronts shown in FIGS. § sad 6, respectively). In
the example of FIG. 7, the solid circles meloded within the CTBs indicate a first file
CTB of the tiles for which palette resetting is performed. Video encoder 20 and video
decoder 30 may resct a palctie by sctiing the predictor paictie size 10 zero and not
predicting any paletie entry of a palette being used to code a current block.

{8238} FIG. 8 is a conceptual diagram illustrating an example of determining indices to
a palette for a block of pixels, consistont with techniques of this disclosure. For
cxample, FIG, 5 includes a map 240 of indices that relate respective positions of pixels
associated with the fndex values to an entry of palettes 244, For example, index 1 is
associated with Value A, index 2 is associated with Value B, and index 3 is associated
with Value C. In addition, when cscape samples are indicated using irmplicit cscape
signaling, video encoder 20 and video decoder 30 may also add an additional index to
palettes 244, illustrated in FIG. 5 as index 4, which may indicate that samples of map
240 associated with index 4 arc cscape samples. In this case, video cncoder 20 may
encode (and video decoder 30 may obtain, from an encoded bitstreany) an indication of
an actual pixel value (or #ts quantized version) for a position in map 240 if the pixel
valoe is not included in palettes 244,

(8248} In some examples, video encoder 20 and video decoder 30 may be configured to
code an additional map indicating which pixel positions are associated with index
values. For example, assume that the (3, j) eutry in the map corresponds 1o the (4, })
position of a CU. Video encoder 20 may encode one or more syntax clements for each
entry of the map {i.e., cach pixel posttion} indicating whether the eotry has an associated
index value. For example, video encoder 20 may encode a flag having a value of one to
imdicate that the pixel value at the 5, §) location in the CU is one of the values in paleties
244,

(8241} Video epcoder 20 may, m such an example, also encode a palette index (shown

in the example of FIG. 8 as values 1-3) to indicate that pixel value in the palette and to
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allow video decoder o reconstract the pixel value. In instances in which palettes 244
inchide a single entry and associated pixel value, video encoder 20 may skip the
signaling of the index valee. Video encoder 20 may encede the flag to have a value of
zero 10 indicate that the pixel value at the (1, ) focation in the CU is not one of the
values i palettes 244, In this example, video encoder 20 may also encede an indication
of the pixel value for use by video decoder 30 in reconstrocting the pixel valoe. In some
instances, the pixel value may be coded in a lossy manner.

16242} The value of a pixel in one position of & CU may provide an indication of values
of one or more other pixels m other positions of the CU. For example, there may bea
relatively high probability that neighboring pixel positions of a CU will have the same
pixel value or may be mapped 1o the same index valuoe {(in the case of lossy coding, in
which more than one pixel value may be mapped to a single index value). Accordingly,
video encoder 20 may encode one or more syntax elements indicating a number of
conscoutive tndex values in a given scan order that have the same mdex. As noted
above, coding indices in this manner may be referred to as Value paletic mode,

182431 As noted above, runs may be used in conjumction with a CopyFromTop or Value
mode. In an example for purposes of iHhustration, consider rows 264 and 268 of map
240. Assuming a horizontal, left to right scan direction, row 264 includes three index
values of =1, two mndex values of 2,7 and three mdex values of “3.” Row 268 includes
five index valoes of “1.” two index valoes of “3,” and one sample that is not inchided in
paleites 244 (reproscated by index 4, although g sample-level cscape flag may be used
for explicit escape signaling), which may be referred to as an escape sample.

18244} In this example, video encoder 20 may use CopyFromTop mode to encode data
for row 268, For example, video encoder 20 may encode one or more syntax elements
indicating that the first position of row 268 (the left most position of row 268} is the
samie as the first position of row 264, Video cncoder 20 may also encode one of more
syntax clements indicating that the next rum of two consecutive endries in the scan
direction in row 268 are the same as the first position of row 264,

18248} Aftor encoding the ove or more syntax clements indicating the first positicn of
row 264 and the run of two entries (noted above), video encoder 20 may encode the
fourth and fifth positions in row 268 (from left to right), using Valie mode. For
example, video encoder 20 may encode one or more syntax elements indicating a value

of 1 for the fourth position and one or more syntax clements indicating a run of 1 (e.g.,
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Value mode). Hence, video encoder 20 encodes these two positions without reference
to another Hne,

[8246] According to aspects of this disclosure, video encader 20 and video decoder 30
may context code a rom value for an index coded using Value mode based on the value
of the index. For example, as described herein, video encoder 20 and video decoder 30
may usc a context adaptive mode of a CABAC coding process to code data that
indicates a ron value. According to aspects of this disclosure, video encoder 20 and
video decoder 30 may be configured to determine a context for coding a the dats based
on the mdex of the ron.

(8247} In the example of FIG. B, video encoder 20 and video decoder 30 code an index
of 1 for the above-noted fourth position of map 40. Video encoder 20 and video
decoder 30 may also binarize a run value of 1 for the fourth position of map 240. Inone
examples, video encoder 20 and video decoder 30 may gencrate a flag that indicates that
the run valoe s greater than zero but not grester than one (which may be mdicated using
a scparate flag).

[6248] According to aspects of this disclosure, video encoder 20 and video decoder 30
may select a context for coding the greater than zero flag based on the index value of 1.
For example, according to some aspects, video encoder 20 and video decoder 30 may
define a set of contexts for coding the run value. The set of contexts may mclude one
context, two contexts, the contexts, four contexts, or more contexts.

16249} In onc example, video encoder 20 and video deceder 30 may be configured to
select run context (0} based on the index being equal to zero. In this example, video
encoder 20 and video decoder 30 may be configured to select run context (1) based on
the index being any value other than zero. With this example, video encoder 20 and
video decoder 30 sciect a ron context of (1) based on the index being 1 for the fourth
position of map 240,

(82586} In another example, video encoder 20 and video decoder 30 may be configured
to select ran context (0} based on the index being cqual to 7ero. Video encoder 20 and
video deceder 30 may be counfigured to select run context (1) based on the jndex being
one. Video encoder 20 and video decoder 30 may be configured to select rum context
{23 based on the index being any valuc greater than one. With this example, video
cncoder 29 and video decoder 30 select a run context of {1} based on the index being 1

for the fourth posttion of map 240.
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16251} In another example, video encoder 20 and video decoder 30 may be configured
to select ran context (1)) based on the index being equal to zero. Video encoder 20 and
video decoder 30 may be configured to select run context (1) based on the index being
one or two. Video encoder 20 and video decoder 3¢ may be configured to select run
context (2} based on the index being greater than two., With this example, video
encoder 20 and video decoder 30 sclect a run contoxt of (1) based on the index being §
for the fourth position of map 240,

16252} According to aspects of this disclosure, the context may be based on an actual
index value or an adjusted index value. For example, according to aspects of this
disclosure, video encoder 20 and video decoder 30 may be configured to determine
context for coding a run value based on a palette index signaled i a bitstream (which
may be associated with the adjusted palette Index syntax elerent), rather that the
palette index actually used to code a sample in a block, in instances in which an adjusted
paletto index is signaled in the bitstream.

18253} After coding the run associated with the fourth position of map 240, video
encoder 20 may then encode the first position having an index value of 3 in row 268
using CopyFromTop mode relative to upper row 264, For example, video encoder 20
may signal a CopyFromTop mode and a run of 1. Accordingly, video encoder 20 may
select between coding pixel or index values of a hne yelative to other values of the line,
2.g., using a run, coding pixel or index valoes of a line relative to values of another line
{(or column), o1 a combination thercof. Video encoder 20 may, in some exaraples,
perform a rate/distortion optimdzation to make the sclection.

18254} Video encoder 20 may then encode the cscape samiple for the final sample of
row 268 (from left to right), which is not included in first paleties 244, For example,
video cncoder 20 may encode the final position of row 2684 as an escape sample. That
is, video cncoder 20 may encode an indication that the final posttion of row 268 is an
ascape sample {e.g., index 4) , as well as an indication of the sample value, Video
decoder 30 may obtain the above-described syntax from an encoded bitstream and
reconstruct row 268 using such syniax.

18258} As noted above, there may be two or more techuiques to code an indication of as
sample coded as an escape sample. For example, with explicit escape signaling, video
encoder 20 and video decoder 30 may code an explicit escape flag for cach sample
position of map 240. If a particular sample (such as the final sample of row 268} is

coded as an escape samiple, video encoder 20 and video decoder 30 may code data that
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indicates the color value for the particular sample. 1f the sample s not coded as an
escape sample, video encoder 20 and video decoder 30 may code additional data to
indicate whether the mode s CopyFromTop or Value, such as an SPoint flag.

[8256F With mphicit escape signaling, vidoo encoder 20 and video decoder 30 may add
an additional index to palettes 244 {entry index 4). Video encoder 20 and video decoder
30 may use the additional index to palcties 244 to indicate that a sample is coded as an
gscape sample. The additional index, however, does not have an associated color value.
Rather, video encoder 20 and video decoder 30 also code color values for each sample
that is associated with the addinonal mdex. [ the sample 15 not coded as an escape
sample, video encoder 20 and video decoder 30 may code data to indicate whether the
mode is CopyFromTop or Value, such as an SPoint flag,

(82871 According to aspects of this disclosure, video encoder 20 and video decoder 30
may be configured to code a run of indices using CopyFromTop mode that includes one
o1 more samples coded as cscape samples. In some instances, the samples codad as
cscape samples may be referred to as “indices” included in the run, despiie the samples
coded as escape samples not having an index that maps to a color value of a palette
{e.g., the additional index is added to the palette for purposes of indicating sampies
coded as escape samples but does not have a corresponding color value). For example,
video encoder 20 and video decoder 30 may be configured to copy escape flags (in
explicit escape signaling) or an escape index (in implicit escape signaling) within 2 run
of other indices that have associated color valucs in a palettc being copicd with
CopyFromTop palette mode. The escape flags and the escape index may both be
referred to as a syntax clement that is not associated with a color valae in the palette,
because neither the flag nor the escape index are mncluded in a palette.

{8258} Hence, sccording to aspocts of this disclosure, video encoder 20 an video
decoder 30 may be configured to infer that a current sample included in a run associated
with the CopyFromTop palette mode (e.g., a sample being coded relative 1o a sample of
another row} is coded as an escape sample if the above-seighboring sanmple to the
current sample is coded as an escape sanmple. Video encoder 20 and video decoder 30
may also code the related escape values for all samples coded as escape sample
following the ron.

(6259} With respect to FIG. 8, the third sample of row 270 is coded as an escape sample
and the third sample of row 272 1s coded as an escape sample (assuming a left to right

raster scan). In the example of FIG. ¥, video encoder 20 and video decoder 30 may

¥
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code a fivat sample of row 270 using CopyFromTop mode. In addition, video encoder
24 and video decoder 3 may code a ron value indicating a run-length of 15 for the
CopvFromTop mode. The run includes both the third sample of row 270 and the third
sanple of row 272, Accordingly, video encoder 20 and video decoder 30 may code data
that indicates an escape value {(e.g., a color value) for the third sample of row 270,
Video encoder 20 and video decoder 30 may also code data that indicaics an cscape
value {e.g., a color value} for the third sample of row 272, which may be different thai
the escape value of row 270,

18268} FIG. 915 a flow diagram illustrating an example process for determimng a
predictor paletie, consistent with techniques of this disclosure. The process of FIG. 9 is
generally described as being performed by a video coder, which may include video
encoder 24, video decoder 30, or a variety of other processors,

[8261] In the example of FIG. 9, the video coder may determine a first palette for a first
Block of video data that is jocated in a first row of blocks (290). While described with
respect 1o “rows” for purposes of illustration, it should be understood that the techniques
may also be apphied to columns of blocks in instances in which the video coder scans
blocks in columm order.  In any case, the first palette for the first block may inclode one
or more palette entrics cach having a palette index that is assoctated with a color value
for coding the block.

[8262] The video coder also generates a predictor palette of generating or constructing
at least one palctte of at lcast onc sceond block that is focated in the first row (292). For
example, the video coder may generate g predictor palette based on eniries of the first
paletie atter coding the first block. The video coder may also update the predictor
palette for each subsequently coded block of the first row that is coded using palette-
based coding.

18263} According to aspects of this disclosure, the video coder may reinitialize the
predictor palette for determining a third palette of a thivd block that s located in a
sccond row of blocks (294). The third block may be the first block that is coded in the
second row of blocks. The third block may be positioned tmmediately below the first
block.

[6264} The video coder may reinttialize the predictor palette based on entries of the
paletic of the first block. According to some exanmyples, the video coder may be
configured to reimitialize the predictor paletie by replacing entries of the predictor

palette with the entries from the first palette. In some examples, the video coder may be
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configured to reinitialize the predicior palette using the predictor palette that is
generated after coding the first block {(e.g., prior to coding a second block in the first
row) or an updated predictor palette as updated after coding one or more other blocks of
the first row,

[8268] The video coder may determine the third palette based on the reinitialized
predictor palette (2963, For example, the video coder may determine which entries of
the predictor paletie to copy o the third palette and copy the relevant eniries. In some
cxamples, as described herein, the video coder may determine the entries of the
predictor paletic 10 copy based on a prediction vector,

[8266] The video coder may then encode/decode the block using the third palette (298).
For exarple, in instances in which the video coder operates as a video encoder (such as
video encoder 26}, the video encoder roay encode data representing the indices of the
third block using the determined paletie in an encoded bitstream. In instances in which
the video coder operates as a video decoder (such as video decoder 30), the video

decoder may determine sample valaes for indices of the third block using the third

(8267} FIG. 10 s a flow diagram illustrating an example process for coding a ron valae
of a run of paletic indices, consistont with techniques of this disclosure. The process of
FIG. 10 1s generally deseribed as being performed by a video coder, which may include
video encuder 20, video decoder 30, or a variety of other processors,

16268} In the cxample of FIG. 10, the video coder determines a run valuc that indicates
a run-length of a run of a palette index (310). For example, the video coder may code
an indication of a palette index, ¢.g., using a Value paletie mode. The video coder may
aiso determine the nomber of consecutive samples in a scanning order that have the
same value a3 the coded index. The number of consecutive sarmples may be the in
value.

8269} The video coder also determines context for context adaptive coding the
determined data that indicates the nan value based on the palette tndex (312). For
example, the video coder may determine oune or more condexts for CABAC coding the
determined run value based on the paletic index. In some examples, the video coder
may select from a phoality of contexts defined for coding the rum value.

(8278} The video coder myay then encode/decode the data that indicates the ron value
using the determined context (314). For example, in instances in which the video coder

operates as a video encoder (such as video encoder 203, the video encoder may encods
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the data that indicates the run value in an encoded bitstream.  In instances in which the
video coder operates as a video decoder (such as video decoder 30), the video decoder
may parse {decode) the data that indicates the run value from an cncoded bitstream.
18271} FIG. 11 18 a thow diagram Ulustrating an example process for coding a run of
mdices coded with more than one palette coding mode, consistent with techmiques of
this disclosure. The process of FIG. 11 is gencrally described as being performed by a
video coder, which may include video encoder 20, video decoder 30, or a varicty of
other processors.

18272} The video coder determumes indices of a first row of a block that includes mdices
assoctated with a color of a palette and one or more syntax clements not associated with
a color of the palette (320). For example, the video coder may determine samples for
which palette indices are coded and samples coded in Escape palette mode.

(8273} The video coder may also encode/decode a run of indices of a second row
refative o the palette ndices of the first row {322). For example, in instances in which
the video coder operates as a video encoder (such as video encoder 20), the video
encoder may encode an indication of the CopyFromTop mode and an indication of the
run length of the run. In instances in which the video coder operates as a video decoder
(such as video decoder 30}, the video decoder may decode an indication of the
CopyFromTop mode and an mdication of the run-length of the run. In either case, the
run includes both the indices that have associated colors and the one or more syntax
clements not associated with a color of the palette, ¢.g., samples coded in both
CopyFromTop mode and as escape samaples.

18274} The video coder may then encode/decode data that indicates color values for
syntax elements not associated with a color of the palette (324). For example, in
instances in which the video coder operates as a video encoder (such as video encoder
20), the video cncoder may cncode data that indicates the color values of the samples
represented by the syntax elements in an encoded bitstream. In instances in which the
video coder operates as a video decoder {such as video decoder 303, the video decodar
may decode data that indicates the color values of the samples represented by the syntax
cloments from a bitstream.

[6275] H should be understood that all of the techniques described hercin may be used
individually or in combination. This disclosure includes several signaling methods
which may change depending on certain factors such as block size, palette size, slice

type etc. Buch variation in signaling or inferring the syntax elements may be known 1o
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the encoder and decoder a-priori or may be signaled explicitly in the video parameter set
{VPS), sequence parameter set (SPR), picture parameter set (PPS), slice header, at a tile
tevel or elsewhere.

18276} It is 1o be recognized that depending on the example, cortain acts or ovents of
any of the techniques deseribed herein can be performed in a different sequence, may be
added, merged, or lefl out altogether (e.g., not all described acts or cvents are necessary
for the practice of the echnigues). Moreover, in certain examples, acts or events may
be performed concurrently, ¢.g., through nulti-threaded processing, interrupt
processing, or multiple processors, rather than sequentially,  In addition, while certain
aspects of this disclosure are deseribed as being performed by a single modole or umit
for purposcs of clarity, it should be understood that the technigques of this disclosure may
be performed by a combination of units or modules associated with a video coder.
(8277} Certain aspects of this disclosure have been deseribed with respect to the
developing HEVC standard for purposes of illustration, However, the techniques
described in this disclosure may be useful for other video coding processes, including
other standard or proprietary video coding processes not vet developed.

[6278] The techoigues described above may be performed by video encoder 20 (FIGS.
1 and 2) and/or video decoder 30 (FIGS. 1 and 3}, both of which may be generally
referred to as a video coder. Likewise, video coding may refer to video encoding or
video decuding, as apphicable.

16279] Whilc particular combinations of various aspects of the techniques are described
above, these combinations are provided mercly to illustrate cxamples of the techniques
described o this disclosure. Accordingly, the techniques of this disclosure should not
be himited to these example combinations and may encompass any conceivable
combination of the various aspects of the technigques described in this disclosure.

182881 In onc or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereot. fimplemented in software,
the functions may be stored on or transmitted over, as ong or more instructions or code,
a computer-readable medium and executed by a hardware-based processing unit,
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
inchuding any mediom that facilitates transfer of 8 computer program from one place (o
another, e.g., according to a compumication protocol. In this manner, computer-

readable media generally may correspond to (1) tangible computer-readable storage
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media which is non-transitory or {2) 2 communication medivm such as a signal or
cafrier wave. Data storage media may be any available media that can be accessed by
ONiC OF MOIC COMPUICTS O ONC OF INOIC Processors (o retrieve instructions, code and/or
data structures for tuplomentation of the techniques described i this disclosure. A
computer program product may mchade a computer-readable medium,

{82811 By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, ffash memory, or any other medium that
can be used to store desired program code n the form of mstructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium, For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subseriber fine (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. it should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transicnt, tangible storage media. Disk and disc,
as used herein, weludes compact disc (CD), laser disc, optical disc, digital versatile disc
{(BVDY, floppy disk and Blo-ray disc, where disks usually reprodoce data magnetically,
while dises reproducce daia optically with lascrs. Combinations of the above should alse
be included within the scope of computer-readable media,

168282} Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, apphication specific
integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other
cquivalent integrated or discrete logic circuitry, Accordingly, the term “proccssor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techoiques described herein, In addition, in some aspecis, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for enceding and decoding, or incorporated in a combined
cudec. Also, the techniques could be fully implemented in one or more circuits or logic
clements.

(8283} The tochniques of this disclosure may be implemented v a wide varicty of

devices or apparatuses, including a wireless handset, an integrated circuit (1C) or a set of
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1Cs {e.g., a chip set). Various components, modules, or umits are described in this
disclosare to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
vnits. Rather, as described above, various units may be combined in a codec hardware
unit or provided by 4 collection of interoperative hardware units, including one or more
processors as described above, m conjunction with suitable software and/or firmware.
64284} Various examples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS:

1. A method of processing video data, the method comprising:

determining, by one or more processors of a video encoder or a video decoder, a run
value that indicates a run-length of a run of a palette index of a block of video data, wherein
the palette index is associated with a color value in a palette of color values for encoding or
decoding the block of video data, and wherein each color value in the palette corresponds to a
luma and one or more chroma values;

determining, by the one or more processors and based on the palette index, a context
index value for context adaptive binary arithmetic coding (CABAC) of data that represents the
run value, wherein determining the context index value based on the palette index comprises
selecting from three context index values based on the palette index, wherein selecting from
the three context index values comprises:

based on the palette index being zero, selecting a first context index value of
the three context index values for CABAC encoding or CABAC decoding at least one of a
first bin, a second bin, and a third bin;

based on the palette index being one or two, selecting a second context index
value of the three context index values for CABAC encoding or CABAC decoding at least
one of the first bin, the second bin, and the third bin; and

based on the palette index being greater than two, selecting a third context
index value of the three context index values for CABAC encoding or CABAC decoding at
least one of the first bin, the second bin, and the third bin;

CABAC encoding or CABAC decoding, by the one or more processors and
respectively in or from a video bitstream, the data that represents the run value using the
determined context index value; and

reconstructing, by one or more processors, the block of video data based on the run-

length.

2. The method of claim 1, wherein CABAC encoding or CABAC decoding the data that
represents the run value comprises CABAC encoding or CABAC decoding the first bin,
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wherein the first bin indicates whether the run value is greater than zero, CABAC encoding or
CABAC decoding the second bin, wherein the second bin indicates whether the run value is
greater than one, and CABAC encoding or CABAC decoding the third bin, wherein the third

bin indicates whether the run value is greater than two.

3. The method of claim 1, further comprising encoding or decoding, respectively in or

from the video bitstream, data that represents the palette index.

4. The method of claim 1, wherein the palette index comprises an adjusted palette index,
the method further comprising encoding or decoding, respectively in or from the video

bitstream, the data that represents the adjusted palette index.

5. The method of claim 1, wherein determining the context index value further comprises
determining the context index value based on a size of the palette of color values or a size of

the block.

6. The method of claim 1, wherein CABAC encoding or CABAC decoding the data that
represents the run value comprises CABAC encoding the data, and wherein the method
further comprises:

encoding data that indicates the palette of color values; and

encoding data that indicates, for a pixel associated with the palette index, a palette

mode used to encode a pixel.

7. The method of claim 1, wherein CABAC encoding or CABAC decoding the data that
represents the run value comprises CABAC decoding the data, and wherein the method
further comprises:
obtaining, from the video bitstream, data that indicates the palette of color values; and
determining the value of a pixel and samples of the run using the palette of color

values.
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8. A device for processing video data, the device comprising:
a memory configured to store a block of video data; and
one or more processors implemented in circuity and configured to:
determine a run value that indicates a run-length of a run of a palette index of
the block of video data, wherein the palette index is associated with a color value in a
palette of color values for encoding or decoding the block of video data, and wherein
each color value in the palette corresponds to a luma and one or more chroma values;
determine, based on the palette index, a context index value for context
adaptive binary arithmetic coding (CABAC) of data that represents the run value,
wherein to determine the context index value based on the palette index comprises
selecting from three context index values based on the palette index, wherein selecting
from the three context index values comprises:
based on the palette index being zero, selecting a first context index
value of the three context index values for CABAC encoding or CABAC decoding at
least one of a first bin, a second bin, and a third bin;
based on the palette index being one or two, selecting a second context
index value of the three context index values for CABAC encoding or CABAC
decoding at least one of the first bin, the second bin, and the third bin; and
based on the palette index being greater than two, selecting a third
context index value of the three context index values for CABAC encoding or
CABAC decoding at least one of the first bin, the second bin, and the third bin;
CABAC encode or CABAC decode, respectively in or from a video bitstream,
the data that represents the run value from a bitstream using the determined context
index value; and

reconstruct the block of video data based on the run-length.

9. The device of claim 8, wherein to CABAC encode or CABAC decode the data that
represents the run value, the one or more processors are configured to CABAC encode or
CABAC decode the first bin, wherein the first bin indicates whether the run value is greater

than zero, CABAC encode or CABAC decode the second bin, wherein the second bin
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indicates whether the run value is greater than one, and CABAC encode or CABAC decode

the third bin, wherein the third bin indicates whether the run value is greater than two.

10.  The device of claim 8, wherein the one or more processors are further configured to
encode or decode, respectively in or from the video bitstream, data that represents the palette

index.

11. The device of claim 8, wherein the palette index comprises an adjusted palette index,
and wherein the one or more processors are further configured to encode or decode,

respectively in or from the video bitstream data that represents the adjusted palette index.

12. The device of claim 8, wherein to determine the context index value, the one or more
processors are configured to determine the context index value based on a size of the palette

of color values or a size of the block.

13. The device of claim 8, wherein to CABAC encode or CABAC decode the data that
represents the run value, the one or more processors are configured to CABAC encode the
data, and wherein the one or more processors are further configured to:

encode data that indicates the palette of color values; and

encode data that indicates, for each pixel associated with the palette index, a palette

mode used to encode a pixel.

14. The device of claim 13, further comprising a camera configured to capture a picture

that includes the block of video data.

15. The device of claim 8, wherein to CABAC encode or CABAC decode the data that
represents the run value, the one or more processors are configured to CABAC decode the
data, and wherein the one or more processors are further configured to:

obtain, from the video bitstream, data that indicates the palette of color values; and

determine the value of a pixel and samples of the run using the palette of color values.
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16. The device of claim 15, further comprising a display configured to display a decoded
block of video data.

17. The device of claim 8, wherein the device comprises at least one of:
an integrated circuit;
a microprocessor; or

a wireless communication device.

18.  An apparatus for processing video data, the apparatus comprising:

means for determining a run value that indicates a run-length of a run of a palette
index of a block of video data, wherein the palette index is associated with a color value in a
palette of color values for encoding or decoding the block of video data, and wherein each
color value in the palette corresponds to a luma and ore more chroma values;

means for determining, based on the palette index, a context index value for context
adaptive binary arithmetic coding (CABAC) of data that represents the run value, wherein
determining the context index value based on the palette index comprises selecting from three
context index values based on the palette index, wherein selecting from the three context
index values comprises:

based on the palette index being zero, selecting a first context index value of
the three context index values for CABAC encoding or CABAC decoding at least one of a
first bin, a second bin, and a third bin;
based on the palette index being one or two, selecting a second context index
value of the three context index values for CABAC encoding or CABAC decoding at least
one of the first bin, the second bin, and the third bin; and
based on the palette index being greater than two, selecting a third context index

value of the three context index values for CABAC encoding or CABAC decoding at least
one of the first bin, the second bin, and the third bin;

means for CABAC encoding or CABAC decoding, respectively in or from a video

bitstream, the data that represents the run value using the determined context index value; and
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means for reconstructing the block of video data based on the run length.

19. The apparatus of claim 18, wherein the means for CABAC encoding or CABAC
decoding the data that represents the run value comprises means for CABAC encoding or
CABAC decoding the first bin, wherein the first bin indicates whether the run value is greater
than zero, means for CABAC encoding or CABAC decoding the second bin, wherein the
second bin indicates whether the run value is greater than one, and means for CABAC
encoding or CABAC decoding the third bin, wherein the third bin indicates whether the run

value is greater than two

20. A non-transitory computer-readable medium having instructions stored thereon that,
when executed, cause one or more processors to:
determine a run value that indicates a run-length of a run of a palette index of a block
of video data, wherein the palette index is associated with a color value in a palette of color
values for encoding or decoding the block of video data, and wherein each color value in the
palette corresponds to a luma and one or more chroma values;
determine, based on the palette index, a context index value for context adaptive

binary arithmetic coding (CABAC) of data that represents the run value, wherein to determine
the context index value based on the palette index comprises selecting from three context
index values based on the palette index, wherein selecting from the three context index values
comprises:

based on the palette index being zero, selecting a first context index value of
the three context index values for CABAC encoding or CABAC decoding at least one of a
first bin, a second bin, and a third bin;

based on the palette index being one or two, selecting a second context index
value of the three context index values for CABAC encoding or CABAC decoding at least
one of the first bin, the second bin, and the third bin; and

based on the palette index being greater than two, selecting a third context
index value of the three context index values for CABAC encoding or CABAC decoding at
least one of the first bin, the second bin, and the third bin;
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CABAC encode or CABAC decode, respectively in or from a video bitstream, the data
that represents the run value using the determined context index value; and

reconstruct the block of video data based on the run-length.

21.  The non-transitory computer-readable medium of claim 20, wherein to CABAC
encode or CABAC decode the data that represents the run value, the instructions
cause the one or more processors to CABAC encode or CABAC decode the first bin,
wherein the first bin indicates whether the run value is greater than zero, CABAC
encode or CABAC decode the second bin, wherein the second bin indicates whether
the run value is greater than one, and CABAC encode or CABAC decode the third

bin, wherein the third bin indicates whether the run value is greater than two

22.  The method of claim 1, wherein the first context index value comprises run context
(0).

23.  The method of claim 1, wherein the second context index value comprises run context
(D).

24.  The method of claim 1, wherein the third context index value comprises run context
2).

25.  The device of claim 8, wherein the first context index value comprises run context (0).
26.  The device of claim 8, wherein the second context index value comprises run context
(D).

27.  The device of claim 8, wherein the third context index value comprises run context
2).

Date Regue/Date Received 2021-08-10



81782830
78

28.  The apparatus of claim 18, wherein the first context index value comprises run context
(0), the second context index value comprises run context (1), and the third context index

value comprises run context (2).
29.  The non-transitory computer-readable medium of claim 20, wherein the first context

index value comprises run context (0), the second context index value comprises run context

(1), and the third context index value comprises run context (2).
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