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FIG. 6

(57) Abstract: Techniques are described for palette-based video coding. In palette-based coding, a video coder may form a "palette”
as a table of colors for representing video data of a particular area. Rather than coding actual pixel values (or their residuals), the
video coder may code palette index values for one or more of the pixels that correspond to entries in the palette representing the col -
ors of the pixels. A palette may be explicitly encoded, predicted from previous palette entries, or a combination thereof. In this dis -
closure, techniques are described for coding a block of video data that has a single color value using a single color mode as a sub-
mode of a palette coding mode. The disclosed techniques enable a block having a single color value to be coded with a reduced
number of bits compared to a normal mode of the palette coding mode.
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COLOR PALETTE MODE IN VIDEG CODING

RELATED APPLICATIONS
{80861} This apphication claims the benefit of U.S. Provisional Application No.
62/015,336, filed June 20, 2014, U8, Provisional Application No. 62/015,959, filed
June 23, 2014, and U.S. Provisional Application No. 62/062,570, filed October 10,

2014, the entire contents of cach of which are incorporated by reference herein.

TECHNICAL FIELD

(88821 This disclosure relates to video encoding and decoding.

BACKGROUND
160463) Digital video capabilities can be ncorporated into a wide range of devices,
mchiding digital televisions, digital direct broadcast systems, wireless broadeast
systems, personal digital assistants (PDAs), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
plavers, video gaming deviees, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Prigital 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 H264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency
Video Coding (HEVC) standard, and extensions of sach standards. The video devices
may fransmit, receive, encode, decode, and/or store digital video information more
cfficiently by implementing such video compression technigues.
[806064] Video compression techniques perform spatial (intra-picture) prediction and/or
terporal (imter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice {i.¢., a video frame or a portion
of a video frame) may be partitioned into video blocks. Video blocks in an mtra-coded
{1} slice of a picture are encoded using spatial prediction with respect to reference
sampics in neighboring blocks in the same picture. Video blocks in an inter-coded (P or
B) shice of a picture may use spatial prediction with respect to reference samples in
neighboring blocks in the same picture or temporal prediction with respect to reference
sampies in other reference pictures. Pictures may be referred to as frames, and

reference pictures may be referred to a reference frames.
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16045} Spatial or temaporal 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 peints 1o a 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 is encoded according to an intra-coding mode and the residual
data. For further compression, the residual data may be transformed from the pixel
doraain to a transform domain, resulting in residual cocfficients, which then may be
quantized. The quantized cocfficients, initially arranged in 8 two-dimensional array,
may be scanned in order to produce a one-dimensional vector of coefficients, and
entropy coding may be applied o achieve cven more compression.

[8006] A multiview coding bitstream may be generated by encoding views, ¢.g., from
multiple perspectives. Some three-dimensional (3D} video standards have been
developed that make use of multiview coding aspects. For example, different views
may transmit left and right eye views to support 3D video. Alternatively, scme 3D
video coding processes may apply so-called multiview plus depth coding.  Tn multiview
plus depth coding, a 3D video bitstream may contain not only texture view components,
but also depth view components. For example, cach view may comprise one fexiure

view component and one depth view component.

SUMMARY
18067} In general, this disclosure describes tochniques for palette-based video coding.
In palette-based coding, a video coder {(e.g., 2 video encoder or a video decoder) may
form a “palette” as a table of colors for representing video data of a particular area (e.g.,
a given block). Paletie-based coding may be especially useful for coding areas of video
data baving a relatively small number of colors, Rather than coding actual pixel values
{or their residuals), the video coder may code palette index values for one or more of the
pixels that correspond to cutrics in the palette representing the cofors of the pixels. A
paletic may be explicitly encoded and sent to the decoder, predicted from previous
paletie entries, or a combination thereot. In this disclosure, techniques are described for
coding a block of video data that has a single color vahie using a single colormode as a
sub-mode of a palette coding mode. The disclosed techniques enable a block having a
singie color valae to be coded with a reduced number of bits compared to a normal

mode of the palette coding mode.
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18668 In one example, this disclosure 1s directed to a method of decoding video data,
the method comprising receiving a syntax element indicating whether a block of video
data is to be decoded using a single color mode as a sub-mode of a palette coding mode;
in the case that the block is to be decoded using the single color mode of the palette
coding mode, generating a palette for the block including 4 single palette entry that
mdicates a single color value: and decoding the block using the single color mode of the
palette coding mode with respect to the palette such that all pixels within the decoded
block have the single color value indicated in the palette for the block.

186691 In anocther example, this disclosure is directed to a method of encoding video
data, the method comprising determining whether all pixels within a block of video data
have a single color value such that the block 15 to be encoded using a single color mode
as a sub-mode of a palette coding mode; in the case that the block is to be encoded using
the single color mode of the palette coding mode, generating a palette for the block
including a single palette entry that indicates the single color value; encoding the block
using the single color mode of the palette coding mode with respect to the paletie; and
signaling a syntax clement indicating that the block 15 encoded using the single color
mode of the palette coding mode.

(8018} In a furthor cxample, this disclosure is directed to a video decoding device
comprising a memory configured to store video data, and one or more processors in
communication with the memory. The one or more processors of the video decoding
device are configured to receive a syntax element indicating whether a block of video
data is to be decoded using a single color mode as a sub-mode of a paletic coding mode;
in the case that the block is to be decoded using the single color mode of the palstie
coding mode, gencrate a palette for the block inclading a single palette entry that
indicates a single color value; and decode the block using the single color mode of the
palette coding mode with respect to the paletic such that all pixels within the decoded
block have the single color value indicated in the palette for the block.

18811} In an additional example, this disclosure is directed to 2 video encoding device
comprising a memory configured 1o store video data, and one or more processors in
communication with the memory. The one or more processors of the video encoding
device are configured to determine whether all pixels within a block of video data have
a single color valuc such that the block is to be encoded using a single color mode as a
sub-mode of a palette coding mode; in the case that the block is to be encoded using the

single color mode of the palette coding mode, generate a palette for the block including
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a single palette entry that indicates the single color value; encode the block using the
single color mode of the palette coding mode with respect to the palette; and signal a
syitax element indicating that the block is encoded using the single color mode of the
palette coding mode.

{8812 The details of one 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 OQF DRAWINGS
(8613} FIG. 1 1s a block diagram ilhustrating an example video coding system that may
utilize the technigques described in this disclosure.
(8014} FIQG. 2 i3 a block diagram illustrating an example video encoder that may
mmplement the techniques described in this disclosure.
18615} FIG. 3 is a block diagram illustrating an example video decoder that may
implernent the techniques described in this disclosure.
16616} FIG. 4 1s a conceptual diagram illustrating an example of determining palette
entries for palette-based video coding, in accordance with the techniques deseribed in
this disclosure.
(8017} FIG. § 18 a flowchart llustrating an example operation of a video encoder
encoding a block of video data using a single color mode as a sub-mode of the palette
coding mode.
16018} FIG. 6 1s a flowchart illustrating an exarople operation of a video decoder
decoding a block of video data using a single color mode 4s a sub-mode of the paletie

ceding mode.

DETAILED DESCRIPTION
{8818 This disclosure includes techniques for video coding and compression. In
particular, this disclosure describes techniques o support coding of video content,
cspocially screen content, with palette-based coding. This disclosure describes multiple
technical aspects of palette-based coding, including techniques for coding a block of
video data that has a single color value osing 2 single color mode as a sub-mode ofa
paletic coding mode.
(80281 According to the techniques described in this disclosure, in the case that the

block has the single color value, a video encoder generates a palette for the block
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mchiding a single palette entry that indicates the single color value, encodes the block
using the single color mode with respect to the palette, and signals 8 syntax element
indicating that the block is encoded using the single color mode in an encoded bistrean.
o some exanmples, the video encoder may also signal the single color value inthe
encoded bitstream cither as a non-predicted palette entry or as a predicted entry from a
palette predictor.

18621} In further accordance with the disclosed techniques, upon receiving the syntax
clement in an encoded bitstream indicating that the block s to be decoded using the
single color mode, the video decoder generates a paletie including a single palette entry
that mdicates a single color value, and decodes the block with respect to the palette such
that all pixels within the block have the single coler value indicated in the paletie. In
some cxamples, the video decoder may generate the palette for the biock based on
receiving the single color valoe in the encoded bitstream as a non-predicted palette
entry, and using the non-predicted palette entry as the single paletic entry in the palette.
In other examples, the video decoder may generate the palette for the block based on
selecting an entry in a palette predictor that indicates the single color value to be the
single paletic entry in the palette.

(8022} In this way, a block having a single color value may be coded using the single
color moede of the palette coding mode with a reduced nomber of bits compared to a
normal mode of the palette coding mode. For example, a video coder {e.g., a video
encoder or a video decoder) may code a current block using the single color mode ofthe
paletic coding mode without having 1o code a binary paletie prediction vector used to
generate a palette, 2 mumber of non-predicted palette entries and their corresponding
vatues inchided in the palette, a flag to indicate whether escape pinels having colors that
are not included in the palette are present in the block, or any index values
corresponding to paletic entrics that indicate color values for pixels within the block.
(88231 In traditional video coding, images are assumed to be continuous-tone and
spatially smooth. Bascd on these assemptions, various tools have been developed such
as biock-based transform, filtering, cte., and such tools have shown goed performance
for nataral content videos. In applications hike remote desktop, coliaborative work and
wireless display, however, computer generated screen content may be the dominant
conient to be compressed. This type of content tonds {0 have discrete-tone and feature

sharp lines, and high contrast object boundarics. The assuraptions of continuous-tone
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and smoothness may no longer apply, and thus, traditional video coding techniques may
be inefficient ways to compress the content.

18624} This disclosure describes palette-based coding, which is not Himited to but may
be particularly suitable for screen content coding. For example, assuming a particular
arca of video data has a relatively small number of colors, a video coder (e.g., a video
encader or video decoder) may code a so-called “palette” to represent the video data of
the particular arca. The palettc may be cxpressed as a table of colors representing the
video data of the particular area {o.g., a given block). For example, the paletic may
nchide the most dominant colors (i.e., pixel values) in the given block. In some cases,
the most dominant colors may include the one or more colors that occur most frequently
within the block. Additionally, in some cases, a video coder may apply a threshold
value to determine whether a color 1s o be included as one of the most dominant colors
i the block. According to various aspects of palette-based coding, the video coder may
code index values indicative of one or more of the pixels of the current block, instead of
coding the actual pixel values or their residuals for the current block. Tu the context of
paletic-based coding, the index values indicate respective entries in the palette that are
used to represent the colors of the individual pixels of the current block.

(8025} For example, the video encoder may encode a block of video data by
determining a palette for the block, locating entries in the palette that represent colors of
one or more pixels of the block, and encoding the block with index values that indicate
the cntries in the palette. For those pixels of the block with color values that map to
entries in the palette, the video encoder may encode the index values of the endries for
the respective pixels. For those pixels of the block with color values that do not map to
entries in the palette, the video encoder may encode a special index for the pixel and
encode the actual pixel value or its residual value {or a quantized version thereod).
These pixels may be referred to as “escape pixels.” In some examples, a palette may
melade zero entries representing ne color values. In this example, all pixels of the block
have color values that do not map to entries in the palette and, thus, are encoded as
escape pixels.

16026} In some examples, the video encoder may signal the palette, the index values,
and any escape pixels, in an encoded bitstream. In turn, the video decoder may obtain,
from an encoded bitstream, the palette for the block, one or more index values for one
or more of the pixels of the block, and pixel values for any escape pixels of the block.

The video decoder may map the index values to entrics of the palette and decode the
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escape pixels to reconstruct the pixel values of the block, The example above is
mtended to provide a general description of paletic-based coding.

18027} The techuigues for paletie-based coding of video data may be used with one or
more other coding techuiques, such as techniques for inter- or trdra-predictive coding.
For example, as described in greater detail below, a video encoder or video decoder or
combined encoder-decoder {codec), may be configured to perform inter- and intra-
predictive coding, as well as palette-based coding.

16028} In some examaples, 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 video coding standard developed by the Joint Coliaboration Team
on Video Coding (JCT-VC) of ITU-T Video Coding Experts Group (VCEG) and
ISOAEC Metion Picture Experts Group (MPEG). The finalized HEVC standard,
hereinafter referred to as “HEVC Version |7 1s published as “ITU-T H.268, SERIES H:
AUDIOVISUAL AND MULTIMEDIA SYSTEMS Infrastructure of audiovisual
services — Coding of moving video - High efficiency video coding,”
Telecommunication Standardization Sector of Internanonal Telecommunication Umon
(ITW), April 2013, with another version published in October 2014,

8028} The Range Extensions to HEVC, namely HEVC-Rexi, is being developed by the
JCT-VC. A recent Working Draft (WD) of Range Extensions, hereinafier referred 1o as

“REx{ WD7,” is available from http://phenix.int-

evry.it/ict/doc end user/documents/17 Valencia/well/JCTVC-0O1005-vd zip. The

JCT-V is also developing HEVC Screen Content Coding (SCC), which is based on the
BEVC-Rext. Arecent WD of the HEVC SCC extension, hereinafter referred to as SCC

W0, is available from hitp//phenix.int-

evry.fr/ict/doc_end user/documents/18 Sapporo/wel VJCTVC-R1005-v3.zip. A more

recent W of the HEVC SCC extension, bereinafier referred to SCC W20, is

avatlable from http:/phenix.int-

evry.fr/ict/doc _end user/documenis/19 Strasbourg/wegl1/JCTVC-81005-v1.zip.

160368] With respect to the HEVC framework, as an exaraple, the paletie-based coding
techniques may be contigured to be used as a coding unit {CU) mode. In other
examples, the palette-based coding techniques may be configured to be used as 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 altornatively, apply to PUL

However, these HEVC-based examples should not be considered a restriction or
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hinutation of the palette-based coding techniques deseribed hevein, as such techniques
may be applied to work independently 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-rectanguiar shape.
[883%] The basic idea of palette-based coding is that, for each ClJ, a palette is derived
that includes the most dominant one or more colors (Le., pixel values) in the current
CU. Insome cases, a palette may be derived that includes no colors. The paletic size
and the palette entries of the palette may be transmitted from a video encoder to a video
decoder. The paletie size and entrics of the palette may be directly coded or
predictively coded using the size and entries, respectively, of palettes for one or more
neighboring ClUs (e.g. above and/or lett coded CUs).
68032} Once the video coder generates the palette for the current CU, the pixels of the
current CU may be coded based on the palette according to a certain scanning order.
For cach pixei location in the CU, 3 flag may be transmitted to indicate whether the
color of the pixel is included in the palette. For those pixels that map to an eotry in the
paletie, a palette index associated with that entry may be signaled for the given pixel
location in the CU. In some cases, run mode coding may be used such that the palette
index associated with the pixel location in the CU is signaled followed by a “run” of the
pixel value. In this case, neither the flag nor the palette index needs to be transmitted
for the following pixel locations that are covered by the “run” as they all have the same
pixel value. For those pixels with color values that do not map to eniries in the palette
(i.c., cscape pixels), a special index may be assigned to the pixel and the actual pixel
vatue or its residual value (or 8 quantized version thereof) may be transmitted for the
given pixel location in the CU. The escape pixels may be coded using any existing
entropy coding method such as fixed length coding, unary coding, etc.
18033} This disclosure describes techniques for coding a block of video data using a
palette coding mode and, more specifically, coding a block of video data that has a
single color value using a single color mode as a sub-mode of the paletie coding mode.
In the paletie coding mode, a paletic includes one or more entrics that are numbered by
an index and represent color values or ntensities for one or more color components (for
example, RGB, YUV, etc.) that may be used as predictors for a block or as final
cconstructed pixels or sampies of the block. In some examples, each paletic entry ina
given paletie specities color values for all color components of a pixel or sample, ¢.g., a

single palette for YUV, In other examples, cach palette entry in a given palette specifies
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a color valae for a given color component of a pixel or samiple, e.g., a separate palette
for Y, a separate palette for U, and a scparate palette for V.

(8034} The paleite may make up a relatively significant portion of the bits signaled for a
current CU coded using the paletic coding mode.  Accordingly, & video coder may
predict one or more entries of the palette for coding the current CU based on one or
more entrics of a palette predictor, which may also be referred to as a palette predictor
table or paletic predictor list. As described in Wei Py, ot al, “AHG10: Suggesied
Software for Palette Coding based on REexi6.0,” JCTVC-Q0094, Joint Collaborative
Team on Video Coding (JCT-VC)y of ITU-T SG16 WP3 and ISOAEC

JTCYSC29/ WG, 17th Meeting: Valencia, ES, 27 March ~ 4 April 2014, a palette
may include one or more entrics that are copied from a palette predictor. A paletie
predictor may include one or more palette entries from one or more palettes of
previously coded neighboring blocks or other reconstructed samples.

186835} The video coder may use a binary paleite prediction vector to indicate whether
cach of the eniries in the palette predictor is used {or not used) for predicting one or
more entrics in the palette for the current CU being coded. For exarmple, when a paletic
predictor is used {e.g., as described in greater detail with respect to the example of FIG.
43, for cach entry in the palette predictor, the video coder may signal {c.g., coded by =
video encoder in an encoded bitstream to be decoded by a video decoder) a binary flag
that indicates whether the respective entry from the predictor palette is to be copied to
the paletie for the current CU {e.g., indicated by flag = 1). The sct of binary flags for all
cntries in the palette predictor may be referred to as the binary palette prediction vector.
Additionally, the palette for the current CU may include new entries, e.g., in addition to
the predicted entries copied from the palette predictor. The video coder may explicitly
signal color values of the new entries in the palette, and the video coder may also signal
a number of the new cutries included in the palette for the current CU.

68036} In some examples, all of the entries in the palette predictor may be derived from
a single palette for a previcusly coded CU. In cases where the previously coded CU is
spatially far away from the current CU, however, the palette correlation between the
previously coded CU and the current CU may be relatively weak, In general, expanding
the palette predictor 1o include more entries from two or more palettes for multiple
previously coded CUs may be helpful by providing more accurate predictors for palette

entries of the current CU, which may result in an efficicncy gain. However,
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determining and using a relatively large palette predictor results in a relatively long
binary paletie predictor vector.

(8637} In U.S. Application No. 14/667 411, filed March 24, 2015, which claims the
penefit of U.S. Provisional Patent Application No. 61/970,257, filed March 25, 2014,
binary tree based signaling methods and end-position based signaling methods are
described for coding the binary palette prediction vector., In U.S. Provisional
Application No. 62/602,741, filed May 23, 2014, a group based signaling method is
described for coding the binary palette prediction vector. Also in U.S. Application No.
14/667 411, filed March 24, 2015, which claims the benefit of U.S. Provisional Patent
Application No. 62/015,327, filed Jone 20, 2014, a nin-length based signaling method
was described for coding the binary paletic prediction vector.

{8038} In this disclosure, tems that are signaled or sent or otherwise provided generally
will refer to items that may be coded (i.¢., encoded) by a video encoder in an encoded
bitstream. The encoded bitstream may be coded {(i.c., decoded) by a video decoder, and
iterns that are signaled in the bitstrearo may be used in a video decoding process. The
term coding may generally refer to video encoding or video decoding. Likewise, a
video coder may refer to a video encoder or a video decoder. Some aspects of coding
may include signaling and encoding at the encoder side. Other aspects of coding may
melade receiving and decoding at the decoder side.

(86381 This disclosure describes techniques for coding a video block that has a single
color vahue using a single color mode as a sub-mode of the palette coding mode with
respect to a palette that includes only one palette entry. In this case, the signaling
overhead, 1.c., the number of bits used, for coding the palette may be effectively reduced
compared to a normal mode of the palette coding mode.

(8648} Another tool, also referred to a single color mode, that uses one of the
neighboring pixels of a current block as a candidate to predict the entire current block
was described in Polian Lat, et al, “Description of screen content coding technology
proposals by MediaTek,” JCTVC-Q0033, Joint Collaborative Team on Video Coding
(JCT-VC) of ITU-T SG16 WP3 and ISOAEC JTCY/SC29%WG1H, 17th Meeting:
Valengia, ES, 27 March — 4 April 2014, and in Y1-Wen Chen, ¢t al,, “Single color intra
maode for sereen content coding,” JCTVC-QO093, Joint Coliaborative Team on Video
Coding (JCT-VC) of ITU-T SG16 WP3 and ISQ/IEC JTCI/SC29/WG1, 17th Moeeting:
Valencia, ES, 27 March — 4 April 2014, One difference between the technigues

described in this disclosure for the single color mode as a sub-mode of the palette
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coding mode and the single color mode tool deseribed in JCTVC-0033 and ICTVC-
QG093 is that, in this disclosure, the candidates used io predict a current block are
sclected from a paletic predictor rather the neighboring pixels of the current block.
(8041} Scveral issues with conventional paletie coding mode designs are described
below. In one example palette coding mode design, if an entive block to be coded has
only one color (i.c., all pixels in the block have the same color value), the following bits
may still need to be coded into the encoded bitstream. First, a binary paletie prediction
vector used to generate a palette for the block is coded in the encoded bitstream. The
number of bits used to code the binary palette prediction vector may vary depending on
a paletie predictor size, a palette predictor distribution, and a compression algorithm.
Five or more bits may typically be used to code the binary palette prediction vector.
Second, a number of non-predicted palette entries and their corresponding values that
are inchuded in the palette for the block are coded in the encoded bitstream. Third, a
flag to indicate whether cscape pixels having color valoes that are incloded in the palette
are present in the block is coded in the encoded bitstream. Fourth, a first index value
corresponding o 4 palette entry that indicates the color value for the pixels within the
block and a corresponding run-length (e, block size ~ 1} is coded in the encoded
bitstream.

68042} In screen content coding, a single color block may occur frequently. In one
example, the above described bits used in a conventional paletic coding mode design
may be reduced for a single color block by using the neighboring pixel single color
mode tool described in JUTVC-0033 and JCTVC-00093, cited above. The neighboring
pixel single color mode tool may be a CU coding mode that competes with a
conventional palette coding mode. In the neighboring pixel single color mode tool, 8
candidate color list used to predict the single color block may include color vahies of
one or more previously coded neighboring pixels of the single color block and/or color
values from previously coded pictures or shices. In addition to the entries in the
candidate color Hst, several constant candidates may also be used to predict the single
color block. For example, it no derived candidate is available in the candidate color list

and the bitdepth of the single color block 18 N, the YUV color value (2747, 2N 2™h

may be vsed as a candidate to predict the single color block.
(8643} As another example, the candidate color list including the color values of one or
more previously coded neighboring pixels and/or the color values from previous

pictures or slices may be pruned to remove any duplicate color values from the
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candidate color list and to order the color values in the candidate color list according to
certain rules. In some cases, 2 maximum number of previously coded neighboring pixel
candidates included in the candidate color list may be restricted.
(8044} In some examples, single color information may be signaled in onc or more of: a
shce header, a picture parameter set (PPS), or a sequence parameter set (SPS) in an
encoded bitstream. In one example, an original image of a single color block may be
used to derive the most frequently used color for the single color block, and the most
frequently used color may then be signaled 1o the shice header. In a conventional paletie
maode coding design, a palette mode flag (o.g., palette mode flag) is signaled after
signaling a skip mode flag (e.g., cu_skip flag) indicating that the block is not encoded
using a skip mode, after signaling an intra block copying mode flag (c.g., intra_bc_flag)
mdicated that the single color block is not encoded using the intra block copying mode,
and after signaling a prediction mode flag {e.g., pred mode flag) indicating that the
single color block is encoded using an intra-prediction mode {e.g., indicated by
MODE INTRA), as indicated by the example CU syntax in Table 1 below,

TABLE 1

coding_ it x@, v0, og2ChSize )

if slice_type 1= 1)

en skip flag] x0 ] v ]

uChS = { 1 <<l log2(ChSize )

if{ en_skip flag{ x0 [ y0 1)
prediction_witd x0, y0, nChbR, nChy )

else {
if{ intra_block_copy_enabled_flag)
intra_be_flag| x0 3 v0 | ae(v)
iff slice_type = 1 && lintra_be flag{ xO § y0 1)
pred_mode_flap ae(v)
iff palette_cnabled flag && CoPredMode] x0 1 v0 ] == MODE_INTRA }
palette mede flag] <3 i v0 ] ae{v}

if{ palette_mode_flagi x0 [ y0 1}

paleite_coding{ x0, y0, aCbS, nChS )

clse

it

[8845] Details of the techniques of this disclosure are deseribed in more detail below.
In general, this disclosure describes technigues for coding 8 block of video data that has

a single color value using a single color mode as a sub-mode of a paletie coding mode.
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16046} Unlike the neighboring pixel single color mode tool described above that
competes with a conventional palette coding mode, the disclosed single color mode may
comprise a sub-mede of the paletie coding mode. According to the disclosed
techniques, the single color mode of the palette coding mode may be used to code the
block having the single color value with respect to a palette including a single palette
entry that indicates the single color value. In addition, the single color mode of the
palette coding mode may be used to code the block having the single color value using a
reduced number of bits compared to the above described bits used in a conventional
paletie coding mode design.

{8647} In a some examples of the disclesed technigues, the single color mode may bea
sub-mode of the palette coding mode. In this case, a syntax clement or a flag (c.g.,
single color_palette flag) associated with a palette mode block may be used to indicate
whether or not the corrent block is coded in the single color mode or the paletie coding
mode. The single color paletic flag may be bypass coded or context coded using a
single color palette flag for a neighbor block as context,

16048} For example, in the case that all pixels within the current block have a single
color valae, a video encoder may signal the single color palette flag in an encoded
bitstream, and a video decoder may receive the single color paletic flag in the encoded
bitstream, ndicating that the current block of the video data is coded using the single
color mode of the palette coding mode. In the case that all of the pixels within the
current block do not have the single color value, the video encoder may signal another
syntax clement or flag {(e.g., normal_palette flag) in the encoded bitstream, and the
video decoder may reccive the normal palette flag in the encoded bitstream, indicating
whether or not the ainrent block is coded using a normal mode of the palette coding
mode. In this exampie, both the single color mode and the normal mode may be sub-
modes of the palette coding mode.

68048} As other examples, the video encoder may signal a first syntax element i the
encoded bitstream, and the video decoder may receive the first syntax element in the
encoded bitstream, indicating whether or not the current block of the video data is
encoded using the palette coding mode. In the case that the current block is encoded
using the palette coding meode, the video encoder signal a second syntax element in the
encoded bitstream, and the video decoder may receive the second syntax clement in the
encoded bitstream, indicating whether or not the current block s encoded using the

single color mode of the palette coding mode.
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16036] In another example of the disclosed techmiques, in the case that a current block 1s
ceded using the single color mode of the palette coding mode, sach of the video encoder
and the video decoder generates a palette for the current block including a single palette
eniry that indicates a single color value for the current block, and respectively encodes
and decodes the current block with respect to the palette. Several different examples of
generating the palette including the single palette entry and coding the block with
respect o the palette are described below.

160511 In one case, a video encoder may directly signal the single color value for the
current block into the encoded bitstream as a non-predicted palette entry. A video
decoder may receive the single color value as a non-predicted palette entry, and use the
non-predicted palctic erdry as the single palette entry in the palette for the current block.
{8052} In another case, the single color value for the current block may be predicted
from a paletie predictor. As described above, the palette predictor tncludes one or more
palette entries from one or more paletics of previously coded blocks that may be used to
predict the single paletic eniry in the paletic for the current block. For example, the
video encoder may signal an index value in the encoded bitstream corresponding to a
selected entry in a palette predictor used to predict the single palette entry in the palette
that indicates the single color value. The video decoder may then receive the index
value in the encoded bitstream corresponding to the entry in the palette predictor that
indicates the single color value, and select the corresponding entry from the paletie
predictor to be the single palette entry in the palette for the block.

18053) As one cxample, the palette predictor may operate as a buffer at the video
decoder that includes multiple entrics, e.g., five entries with corresponding index values
1-§, indicating different color valaes. If the single color value for the current block is
predicted from a second entry of the palette predictor, an index value equal to 2 may be
signaled in the encoded bitstream, and the video decoder then uses the second entry in
the buffer as the single palctic entry in the palette that indicates the single color value
for the current block.

16054] In this case, the binary palette prediction vector may vot need to be signaled in
the encoded bitstream to indicate whether or not each entry in the palette predictor is
copied to the palette for the current block. Instead, in the single color mode of the
paletic coding mode, the techniques of this disclosurce enable the position (L.e., the index
value) of only the single color value n the paletie predictor to be signaled in the

encoded bitstream fo mdicate the entry from the palette predictor to be used as the single
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paletic entry in the paletie for the current block. The position or index value of the
single color valoe in the palette predictor may be coded using an Exponential-Golomb
cade, a Troncated-Rice code, or a Troncated Unary code. [n one example, the position
ot index value of the single color value in the palette predictor may be coded using a 0"
order Exponential-Golomb code.

[8055] In a further case, the single color value for the corrent block may be predicted
from a palctie predictor, but a restriction may be applicd for a maximum size (i.e., 3
maxinw number of entries or candidates) of the paletie predicter. The maximum size
of the paletie predictor, ¢.g., an integer value M, may be predefined or it may be
signaled in a SPS, PPS, or slice header in an encoded bitstream. For example, assuming
& maximum size of the paletic predictor is restricted to M, ounly the first entrics up to M
entrics in the palette predictor may be used as candidates for the single color value of
the current block coded in the single color mode of the paletie coding mods.

18856] As one example, both the video encoder and the video decoder may set a
maxinw size of the palette predictor to be equal 1o one (e.g., M=1) such that the
paletie predictor only includes a first entry. The video decoder then uses the first and
only entry from the palette predictor as the single palette entry in the palette that
indicates the single color value for the current block. In this example, since the palctic
predictor only has the first entry, the video encoder does not need to signal an index
value corresponding to the first entry in the palette predictor in the encoded bitstream,
and the video decoder docs not need to receive an index value corresponding to the first
entry in the palette predictor from the encoded bitstrean.

160871 As discussed above, if the single color palette flag indicates that the current

block is coded using the single color mode of the palette coding mode (e.g.,

share the same single color value. In the example where M=1 such that the palette
predictor only includes one entry, the single color value may be predicted from the one
entry of the paletic predictor {e.g., previcusPaletteEntries{ cidx 1{ 0 ] for color
component cldx}.

16088} For example, in the case that M=1, the signaling of the single color mode of the
paletic coding mode may be specified as in Table 2 below, in which additions to SCC
WE 1.0, cited above, are indicated by italicized toxt. As shown in Table 2, in the case
that M=1 and the single_color_palette flagh x0 if y0 | == 1, the single celor value for

the current block is predicted from the one entry in the paletie predictor and no
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additional syntax clements need to be signaled in the encoded bitstream. In the case that
M=1 and the single _color_palette flag] x0 1] y0 1 == { indicating that the current block
is not coded using the single color moede of the palette coding mode, then additional
syntax clements {¢.g., paletic_transpose_tlag and palette share flag) for a conventional

palette coding mode design may be signaled in the encoded bitstream.

TABLE 2
palette coding{ x0, v0, aChS ) { Descriptor
single color_palette flagix0]{v0} aefv)
if (single_color paleite flag{x0] VO] == 0) {
palette transpose flag ae{v}
palette share flag! x0 | y0 i age(v}
2
s
);
}

{6058} In an alternative example, in the case that M=1, the signaling of the single color
mode of the palette coding mode may be specified as in Table 3 below, in which
additions to SCC WD 1.0, cited above, are indicated by italicized text and deletions are
indicted by the term REMOVED followed by the deleted text in single brackets, As
shown in Table 3, in the case that M=! and the single color palette flag] x0 §f y{} 1 ==
1, the single color value for the current block is predicted from the one entry in the
palette predictor and no additional syntax clements need to be signaled 1o the encoded
bitstream. In the case that M=1 and the single_color_palette_flagi x0 i y0 ]==10
mdicating that the current block is not coded using the single color mode of the palette
coding mode, then the additional syntax elements for a conventional palette coding
mode design may be signaled in the encoded bitstream. In Table 3, the order of the
additional syntax clements has been modified such that the palette share flagis

signaled prior to the palette transpose_{lag.
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TABLE 3

palette_coding( x0, v0, nCbS ) { Descriptor
single _color_palette flag{x0]{yti] aeivj
if (single _color _paleite flagfxD][y0] ==} {
(REMOVED: palette transpose flag/ IREMOVED: aeiv)]
palette share flag] x0 |[ y0 i ae(v)
paletie transpose _flag aefv)

188681 As another example, both the video enceder and the video decoder may seta
maxinw size of the palette predictor to be equal to M whercin M 1s an integer value
that is greater than 1 (i.c., M > 1) such that the palette predictor inclhudes a first M
entries. In this example, since the palette predictor inchides two or more entries, the
video encoder may signal an index value corresponding to one of the first M entries in
the paletic predictor that is used to predict the single paletie entry in the paletic that
mdicates the single color value. The video decoder receives the index value
corresponding to the one of the first M entrics in the palette predictor, and uses the
corresponding one of the first M entries from the palette predictor as the single palctic
entry in the palette that indicates the single color value for the current block. To this
example, the reduced size of the paletie predictor, compared to the normal mode of the
paletic coding mode, may reduce a nomber of bits needed to signal the index value
corresponding to the one of the first M erdries in the palette predictor in the encoded
bitstream.

(80861} In an additional case, in the single color mode of the palette coding mode in
which the single color value for the current block is predicted from a palette predictor,
both a video encoder and a video decoder may determine to not move the predicted
single palette entry for the current block to a fivst position of the palette predictor for use
predicting palette entries for subsequently coded neighboring blocks. This is unlike the
normal mode of the paletie coding mode o which the predicted palette cntries for a
current block may be moved to a beginning of the palette predictor because the
predicted palette entries have a high probability of being used to predict palette entries
in a palette for a subsequent coded neighboring block. o the single color mode of the

paletic coding mode, this rule may vot be applied. In this way, according to the
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techniques of this disclosure, implementation of the single coding mode of the palette
coding mode is as simple as possible.

(8662} In still other examples of the disclosed techniques, the single color value for the
current biock may be predicted from a palette predictor, but pruning may be applied to
the palette predictor 1n order to reduce a number of candidates for the single color value
of the current block coded in the single color mode of the palette coding mode. For
example, both a video encoder and a video decoder may prune or remove at least one
entry from the palette predictor based on a difference between the at least one entry and
a value of neighboring pixels of the carrent block being greater than a threshold.

[8063] In one case, the valoe of the neighboring pixels of the current block may be a
mean value of color values in one or more of an shove-neighboring line of reconstructed
pixels or a left-neighboring line of reconstructed pixels. The sbove-neighboring line of
reconstructed pixels may include all pixels in an adjacent row inchided in an above-
neighboring block of the current block. The left-neighboring line of reconstructed
pixels may include all pixels in an adjacent columu included v a lefi-neighboring block
of the current block. I the difference between the mean value of the neighboring pixels
and a given palette entry in the paletic predictor is greater than a threshold, the given
palette eniry is not treated as a candidate for the single color mode of the palette coding
mode and the video encoder and the video decoder may prane or remove the given entry
from the palette predictor.

18864} In another case, rather than using a mean vahie of the neighboring pixels, as
described above, the value of the neighboring pixels of the current block may be a
median value of color values in one or more of the above-neighboring hine of
reconstructed pixels or the left-neighboring line of reconstracted pixels. If the
difference between the median value of the neighboring pixels and a given paletic eniry
in the paletic predictor is greater than a threshold, the given paletic entry is not freated
as a candidate for the single color mode of the palette coding mode and the video
encoder and the video decoder may prone or remove the given entry from the palctic
predictor.

18663} In still ancther case, rather than using one of the mean value or the median value
of the neighboring pixels, as described above, the vahie of the neighboring pixels of the
current biock may be a color value of one pixel in either the above-neighboring Hne of
reconstructed pixels or the left-neighboring live of reconstructed pixels. In one

example, the one pixel of the neighboring pixel used for the comparison may be the
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pixel at position (-1, -1) relative to the current block having a top-left comner at position
{0, ). In another exarmple, the one pixel of the neighboring pixel used for the
comparison may be the lefi-neighboring pixel at position (-1, 0} adijacent to the top-lefi
corner of the current block at position (0, §). In a further example, the one pixel of the
neighboring pixel used for the comparison may be the top-neighboring pixel at position
({1, -1} adjacent to the top-left corner of the current block at position (8, 0.

18866] The video oncoder and the video decoder may perform the above described
pruning for cach of the entries in the paletie predictor such that the paletic predictor
mchides one or more remaining entries. The video encoder may then signal an index
vatue corresponding to one of the remaining entries in the palette predictor that s used
to predict the single paleite entry in the palette that indicates the single color value. The
video decoder receives the index value corresponding to the one of the remaining entries
i the palette predictor, and uses the corresponding one of the remaining entrics from
the paletie predictor as the single palette cntry in the palette that indicates the single
color value for the current block. In this example, the reduced size of the palette
predictor, compared to the normal mode of the paletic coding mode, may reduce a
number of bits needed to signal the index value corresponding to the one of the
reraining entrics fo the palette predictor 1o the encoded bitstream.

68067} In yet another example of the disclosed technigues, a video encoder may signal a
syntax clement {c.g., single color palette flag) indicating whether the corrent block i3
to be coded using the single color mode of the paletic coding mode after signaling a skip
flag {e.g., cu_skip flag) indicating that the current block is not coded using a skip mode,
and prior to signaling a prediction mode tlag (e.g., pred_meode_flag), where the
prediction mode flag mdicates whether the current block is coded using an inter-
prediction mode or an inira-prediction mode in the case that the block is not encoded
using the paletie coding mode. In other cases, similar 10 a conventional palette coding
mode described with respect to Table | above, the video encoder may signal the single
color paleite flag after signaling the prediction mode flag indicating that the current
block is coded using an intra-prediction mode. For example, as indicated by the
italicized text in Table 4 below, the video encoder may signal the single color palette
flag {e.g., single color palette flag) in the encoded bitstream if the current block is not
ceded using the skip mode (c.g., 'cu_skip mode).

[8068] As further indicated in Table 4 below, in the case that all pixels within the

current block have a single color value, the video encoder may signal the single color
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paletic flag (e.g., single_color_palette_tlag) in the encoded bitstream, and the video
decoder may receive the single color palette flag in the encoded bitstream indicating that
the current block of the video data is coded using the single color mode of the paletic
coding mode. To the case that all of the pixels within the current block do not bave the
single color value and the current block is not coded using the single color mode of the
palette coding mode {e.g., Isingle color palette flag), the video encoder may signal
another flag {c.g., normal palettc flag) in the encoded bitstream, and the video decoder
may teceive the normal palette flag in the encoded bitstream jndicating whether or not
the current block is coded using the normal mode of the palette coding mode. In this
example, both the single color mode and the normal mode may be sub-modes of the
palette coding mode.

(88681 In the case that the current block is coded using the normal mode of the palette
coding mode, the video decoder may decode the current block using the normal moede of
the paletie coding mode with respect to a palette that may include more than one paletie
entry. In some examples, the normal palette flag may be defined to be substandially
similar to a palette mode flag used in a conventional paletic mode coding design.

TABLE 4

coding_unit{ x0, ¥, 1022CbRiz )

iff glice_type 1= [}

cu_skip flag] <0 || 0 | ae(v)

i (ou_skip flag] x0 1 vO D

single color_palette flagix0]/v0] ag(v}

if {Isingle color_palette flag [xOI[y00)

anormal_palette flag{x0][vi] ag(v}

if (novmal_paletie_flag{x0] vl

/

palette_coding( x0, v0, nCbS, nCb¥ )

IS
$

iff cu_skip flag] =0 H y0 1)

[8078] FIG. 1 is a block diagram illustrating an example video coding system 10 that
may utilize the techmiques of this disclosure. As used herein, the term “video coder”
refers generically to both video encoders and video decoders. In this disclosure, the

(19

video coding” or “coding” may refer generically to video encoding or video

P

torms
decoding. Video encoder 20 and video decoder 30 of video coding system 10 represent

examples of devices that may be configured to perform techumiques for palette-based
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video coding in accordance with various examples deseribed in this disclosure. For
example, video encoder 20 and video decoder 30 may be configured to selectively code
various blocks of video data, such as CUs or PUs in HEVC coding, using either palette-
based coding or non-paletic based coding. Noun-palette based coding modes may refer
to various mter-predictive temporal coding modes or mira-predictive spatial coding
modes, such as the varicus ceding modes specified by HEVC Version 1. Various non-
palette based coding modes are described below, in addition to paletie-based codes
described in accordance with this disclosure.

18671} 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 enceding
apparatus. Destination device 14 may decode the encoded video data generated by
sowree device 12, Accordingly, destination device 14 may be reforred o 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 apparatuses.

18672} Source device 12 and destination device 14 may comprise a wide range of
devices, mchuding desktop computers, mobile computing devices, notebook (e.g.,
laptop) computers, tablet computers, set-top boxes, wircless comounication devices,
telephone handsets such as so-called “smart” phones, televisions, cameras, display
devices, digital media players, video gaming consoles, in-car computers, or the fike.
186731 Destination device 14 may receive encoded video data from source device 12 via
& channel 16. Chaonel 16 may comprise one or more media or devices capable of
moving the encoded video data from source device 12 to destination device 14, Inone
example, channel 16 may comprise one or more commnmication media that enable
source device 12 to transmit encoded video data directly to destination device 14 in real-
time. Inthis example, source device 12 may modulate the encoded video data
according to a commumication standard, such as a wireless conmmunication protocol, and
may transmit the modulated video data to destination device 14. The one or more
communication media may include wircless and/or wired cormamunication media, such
as a radio frequency (RF) spectrum or one or more physical transmssion Hnes. The one
or more commmimnication media may form part of a packet-based network, such as a local
area network, a wide-arca network, or a global network {(e.g., the Internet). The one or
more conmunication media may include routers, switches, base stations, or other

equipment that facilitate communication from source device 12 to destination device 14,
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18674} In ancther example, channel 16 may include a storage medium that stores
encoded video data gencrated by sowree device 12, In this example, destination device
14 may access the storage medium via disk access or card access. The storage medivm
may include & variety of locally-accessed data storage media such as Blu-ray discs,

DYV Ds, CB-ROMs, flash memory, or other suitable digital storage media for storing
encoded video data.

186751 In a further example, channel 16 may include a file server or another
intermediate storage device that stores encoded video data generated by source device
12, In this example, destination device 14 may access encoded video data stored at the
file server or other intermediate storage device via streaming or download. The filke
server may be a type of server capable of storing encoded video data and transmitting
the encoded video data to destination device 14, Example file servers fnclude web
servers {e.g., for a website), file transfer protocol (FTP) servers, network attached
storage {NAS} devices, and local disk drives.

184776} Destination device 14 may access the enceded video data through a standard
data connection, such as an Internet connection. HExample types of data connections
may wnclude wireless channels {e.g., Wi-Fi connections), wired connections {e.g., DSL,
cable modem, ¢tc.}, or combinations of both that are suitable 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,

180771 The techniques of this disclosure are not limited to wireless applications or
settings. The techmiques may be applied to video coding in support of a varicty of
multimedia applications, such as over-the-air television broadcasts, cable television
transmissions, satellite television transmissions, streaming videe transmissions, ¢.g., via
the Indernet, encoding of video data for storage on a data storage medium, decoding of
video data stored on a data storage medivm, or other applications. In some examples,
video coding system 10 may be configured to support ong-way or two-way video
transmrission to support applications such as video streaming, video playback, video
broadcasting, and/or video telephony.

[8678] Video coding system 10 illustrated in FIG. 1 is merely an example and the
techniques of this disclosure may apply to video coding settings (¢.z., video encoding or
video decoding) that do not necessarily include any data communication between the

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

(88781 In the example of FIG. 1, source device 12 includes a video source 18, a video
encoder 20, and an output interface 22, In some exampies, output interface 22 may
include a modulator/demodulator (moden) and/or a transnitter.  Video source 18 may
include a video capture device, e.g., a video camera, a video archive containing
previously-captired video data, a video feed 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.

(88881 Video encoder 20 may encede video data from video source 18, Insome
examples, source device 12 directly transmits the encoded video data to destination
device 14 via output interface 22, In other examples, the encoded video data may also
be stored onto a storage medium or a file server for later access by destination device 14
for decoding and/or playback.

(8081} In the example of FIG, 1, destination device 14 includes an input interface 28, a
video decoder 30, and a display device 32, In some examples, input interface 28
meclades a receiver and/or a modem. Input interface 28 may receive encoded video data
over channel 16, Phsplay device 32 may be integrated with or may be external to
destination device 14. In general, display device 32 displays decoded video data.
Display device 32 may comprise a variety of display devices, such as a hquid crystal
display {LCD), a plasma display, an organic light emitting diode (OLED) display, or
another type of display device.

(8082} Video encoder 20 and video decoder 30 cach mray be topiemented as any of a
variety of suitable circuitry, such as one or more microprocessors, digital signal
processors {B5Ps), application-specific integrated cireuits {ASICs), field-programmable
gate arrays (FPGAs), discrete logic, hardware, ot any combinations thereof. ifthe
techuiques are implemented parfially in software, a device may store instructions for the
software in a suitable, non-transitory computer-readable storage medium and may
execute the instructions in hardware using one or more processors to perform the
techniques of this disclosure. Any of the foregoing (including hardware, software, a

combination of hardware and software, etc.) may be considered to be one or more
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processors. Each of video encoder 20 and video decoder 30 may be fncluded in one or
more encoders or decoders, either of which may be integrated as part of a combined
encoder/decoder {CODEC) in a respective device.

{8083} This disclosure may generally refer to video encoder 20 “signaling” or
“transnutting” certain information to another device, such as video decoder 30. The
term “signaling” or “transmitting” may generally refer to the commnunication of syntax
clements and/or other data used to decode the compressed video data. Such
comvmunication may occur in real- or near-real-time.  Alternately, such communication
may occur over a span of time, such as might occur 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 deceding device at any time after being stored to this
medium. Thus, while video decoder 30 may be referred to as “receiving” certain
mformation, the receiving of information does not necessarily oecur in real- or near-
real-time and may be retrieved from a medivm at some time after storage.

18084] Video encoder 20 and video decoder 30 cach may be implerented as any of 2
varicty of suitable circuiiry, such as one or more microprocessors, digital signal
processors (D8Ps), application-specific integrated circuits (ASICs), field-programmabic
gate arrays (FPGAg), discrete logic, hardware, or any combinations thereof. 1fthe
techniques are implemented partially in software, a device may store instructions for the
software in a suitable, non-transitory computer-readable storage medium and may
exccute the instructions in hardware using one or more processors to perform the
techuniques of this disclosure. Ay of the foregoing (including hardware, sofiware, a
combination of hardware and software, etc.) may be considered to be one or more
processors. Each of video encoder 20 and video decoder 30 may be included inone or
more encoders or deceders, either of which may be integrated as part of a combined
encoder/decoder (CODEC) in a respective device.

[B085] This disclosure may generally refer 1o video encoder 20 “signaling” or
“iransmiiting” certain information to another device, such as video decoder 30. The
torm “signaling” or “transmitting” may generally refer to the commumnication of syntax
clements and/or other data used to decode the compressed video data. Such
communication may occur in real- or near-real-time. Alternately, such conumunication
may occur over a span of time, such as might occur when storing syntax elements to a

computer-readable storage medium in an cncoded bitstream at the time of encoding,
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which then may be retrieved by a decoding device at any time after being stored to this
medivum.

(8686} In some examples, video sncoder 20 and video decoder 30 operate according to
a video compression standard, such as the HEVC standard mentioned above, and
described in HEVC Version 1. 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. In addition, paleite-based coding modes, ¢.g., as
described in this disclosure, may be provided for extension of the HEV( standard. In
some examples, the technigues described in this disclosure for paletie-based coding may
be applied to encoders and decoders configured to operation according to other video
coding standards, such as the ITU-T-H.264/AVC standard or future standards.
Accordingly, application of a palette-based coding mode for coding of coding units
{CUs) or prediction units (PUs) in an HEVC codec is described for purposes of
example.

160871 In HEVC and other video coding standards, a video sequence typically includes
a series of pictures. Pictures may also be referred to as “frames.” A picture may
inchude three sample arrays, denoted Sp, Sep and Sep. S is a two-dimensional array
(i.c., a block) of limua samples. Scp 18 a two-dimensional array of Ch chrominance
samples. Scyis a two-dimensional array of Cr chrominance samples. Chrominance
samples may also be referred to herein as “chroma” samples. In other instances, a
picture may be monochrome and may only include an array of fuma samples.

16088} To generate an cncoded representation of & picture, video encoder 20 may
generate a set of coding tree units (CTUs). Each of the CTUs may be a coding tree
block of luma samples, two corresponding coding tree blocks of chroma samples, and
syntax structures 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 1o as 2 “tree
block” or a “largest coding voit” (LCU). The CTUs of HEVC may be broadly
analogous to the macroblocks of other standards, such as H.264/AVC, However, a
CTU is not necessarily limited to a particular size and may inchuide one or more coding
units (CUs). A shice may include an integer number of CTUs ordered consecutively in
the raster scan.

(8689} 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 tree units.” A coding block is an NxN block of
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sarnpies. A CU may be a coding block of huma samples and two corresponding coding
blocks of chroma samples of a picture that has a loma 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-square)
block of samples on which the same prediction is applied. A prediction unit (PU} of a
CU may be a prediction block of luma samples, two corresponding prediction blocks of
chroma samples of a picture, and syntax structures used to predict the prediction block
samnples. Video encoder 20 may generate predictive luma, Ch and Cr blocks for lama,
Chb and Cr prediction blocks of each PU of the CUL

8098} Video cucoder 20 may use intra prediction or inter prediction 1o generate the
predictive blocks for a PUL I 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 PU.

16091} 1 video encoder 20 uses inder 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 one or more pictures other than the pictore associated with the PU. Video
encoder 20 may use uni-prediction or bi-prediction to generate the predictive blocks of a
PU. When video encoder 20 uses ani-prediction to generate the predictive blocks fora
PU, the PU may have a single MV, When video encoder 20 uses bi-prediction o
generate the predictive blocks for a PU, the PU may have two MVs.

18052}) After vidoo encoder 20 generates predictive luma, Ch and Cr blocks for one or
more PUs of a CU, video encoder 20 may generate a huma residual block for the CU.L
Each sample in the CU’s huma residual block indicates a difference between a loma
sampic in one of the CU’s predictive fuma blocks and a corresponding sample in the
CU’s original luma coding block. In addition, video encoder 20 may generate a Cb
residual block for the CU. Each sample in the CUs Cb residual block may indicate a
difference between a Chb sample in one of the CU’s predictive Cb blocks and a
corresponding saraple 1n the CU’s original Cb coding block. Video encoder 20 may
also generate a Cr residual block for the CU. Hach sample in the CU%s Cr residual block
may tndicate a difference between a Cr sample in one of the CU’s predictive Cr blocks
and a corresponding sample in the CU's original Cr coding block.

(68093} Furthermore, video encoder 20 may use quad-tree partitioning to decompose the

tama, Ch and Cr residual blocks of a CU into one or more luma, Chb and Cr transform
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blocks. A transform block may be a rectangular block of samples on which the same
transform is applied. A transform unit (TU) of a CU may be a transform block of hana
sampies, two corresponding transform blocks of chroma samples, and syntax structarcs
used to transform the transform block samples. Thus, each TU of a CU may be
associated with a huma transform block, a Cb transform block, and a Cr transtorm block.
The luma transform block associated with the TU may be a sub-block of the CU’s lama
residual block., 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.
16094} Video encoder 20 may apply one or more transforms to a hima transform block
of a TU to generale a luma coefficient block for the TU. A coefficient block may be a
two-dimensional array of fransform coctficients. A transtorm coefficient may be a
scalar quantity. Video encoder 20 may apply one or more transforms to a Ch transform
block of a TU to gencerate a Cb coefficient block for the TU. Video encoder 20 may
apply one or more transforms to a 1 transform block of 2 TU to generate a Cr
coefficient block for the TU.

16095] Afier gencrating a coefficient block {¢.g., & huma coefficient block, a Cb
coefficient block or a Cr coefficient block), video encoder 20 may quantize the
coefticient block. Quantization generally refors te a process in which transform
coefficients are quantized to possibly reduce the amount of data used to represent the
transform coefficients, providing forther compression. After video encoder 20 quantizes
a cocfficient block, video encoder 2 may entropy cncoding syntax clements indicating
the quantized transtform cocfficients. For example, video encoder 20 may perform
Context-Adaptive Binary Arithmetic Coding (CABAC) on the syntax clements
mdicating the quantized transform coefficients. Video encoder 20 may output the
entropy-encoded syntax clements in a bitstream.

(8096} Video encoder 20 may output a bitstream that includes the endropy-encoded
syntax elements. The bitstream may include a sequence of bits that forms a
representation of coded pictures and associated data. The bitstream may comprisc a
sequence of network abstraction layer (NAL) units. Each of the NAL units includes a
MNAL unit header and encapsulates a raw byte sequence payload (RBSP). The NAL umit
header may include a syntax element that indicates a NAL onit type code. The NAL
anit type code specified by the NAL unit header of a NAL unit indicates the type of the
NAL unit. A RBSP may be a syntax structure containing an tnteger number of bytes

that 1s encapsulated within a NAL unit. In some instances, an RBSP includes zero bits.
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166971 Different types of NAL umits may encapsulate different types of RBSPs. For
example, a first type of NAL unit may encapsulate an RBSP for a pictare parameter set
{PPS), a second type of NAL unit may encapsulate an RBSP for a coded slice, a third
type of NAL unit may cncapsulate an RBSP for SEL and so on. WAL units that
encapsulate RBSPs for video coding data (as opposed to RB3Ps for parameter sets and
SEI messages) may be referred to as video coding layer (VCL)Y NAL units.

18698} Video decoder 3{) may reccive a bitstream generated by video encoder 20, In
addition, video decoder 30 may parse the bitstream to decode syntax clements from the
bitstream. Video decoder 30 may reconstruct the pictures of the video data based at
least in part on the syntax elements decoded from the bitstream. The process to
reconstruct the video data may be generally reciprocal to the process performed by
video encoder 20.

{8689} For instance, video decoder 30 may use MVs of PUs to determine predictive
sampic blocks for the PUs of a current CU. In addition, video decoder 30 may inverse
quantize transform cocfficient blocks associated with TUs of the current CUL Video
decoder 30 may perform inverse transforms on the transtorm coefficient blocks 1o
reconstruct transform blocks associated with the TUs of the carrent CUL Video decoder
30 may reconstruct the coding blocks of the current CU by adding the samples of the
predictive sample blocks for PUs of the current CU to corresponding samples of the
transform blocks of the TUs of the current CU. By reconstructing the coding blocks for
cach CU of a picture, video decoder 30 may reconstruct the pichire,

18168} In some examples, video encoder 20 and video decoder 30 may be configured to
perform paletie-based coding. For example, n palette based coding, rather than
performing the intra-predictive or tnter-predictive coding techniques described above,
video encoder 2§ and video decoder 30 may code a so-calied palette as a table of colors
for representing the video data of the particular area {c.g., a given block). FHach pixel
may be associated with an entry in the palette that represents the color of the pixel. For
exarple, video encoder 20 and video decoder 30 may code an index that relates the
pixel value to the appropriate value in the palette.

18181} 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 enceding the palette with index values for the pixels relating the pixel
value to the paletie. Video decoder 30 may obtain, from an encoded bitsiream, a paletie

for a block, as well as index values for the pixels of the block. Video decoder 30 may
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relate the index values of the pixels to entrics of the paletie to reconstruct the pixel
vatues of the block.

18162} In some examples, video encoder 20 may encode ong of more syniax slements
indicating a number of consecutive pixels in a given scan order that have the same pixel
value. The string of Hike-valied pixel values may be referred 1o herein as 2 “ron.” In ap
example for purposes of illustration, if two consecutive pixels in 8 given scan order have
different vahies, the run is equal to zero, I two consecutive pixels in a given scan order
have the same value but the third pixel in the scan order has a different value, the runis
equal to one. Video decoder 30 may obtain the syntax elements indicating a run from
an encoded bitstream and use the data to determine the number of consecutive pixel
locations that have the same index value.

[8183] In some examples, video encoder 20 and video decoder 30 may perform line
copying for one or more entries of a map. For example, video encoder 20 may indicate
that a pixel value for a particular entry in a map is equal to an eniry in a line above the
particular entry. Video encoder 20 may also indicate, as a run, the number of indices in
the scan order that are cqual to the entry in the line above of the particular entry. o this
example, video encoder 20 and or video decoder 30 may copy index values from the
specified neighboring line and from the specified number of entries for the Hne of the
map currently being coded.

[81084] According o aspects of this disclosure, video encoder 2{ and video decoder 30
may perform any combination of the techniques for palette coding described in this
disclosure, mcluding technigues for coding a block of video data that bas a single color
vatue using a single color mode as a sub-mode of a palette coding mode. The disclosed
techniques enable a block having a single color value to be coded with a reduced
number of bits compared to 3 normal mode of the paletic coding mode. In particular, in
some examples, video encoder 20 and video decoder 30 may be configured to perform
techniques of this disclosure that are described in more detail with respect to FIGS. 5-6.
1#185] FIG. 2 is a block diagram illustrating an example video encoder 20 that may
implement the techniques of this disclosure. FIG. 2 is provided for purposes of
explanation and should not be considered limiting of the techniques as broadly
exemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 20 in the context of HEVC coding. However, the

techniques of this disclosure may be applicable 1o other coding standards or methods.
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18186] Video encoder 20 represents an example of a device that may be configured to
perform techniques for palette-based video coding in accordance with various examples
described in this disclosure. For example, video encoder 20 may be configured o
selectively code various blocks of video data, such as CUs or PUs in HEVC coding,
using either palette-based coding or non-palctic based coding. Mon-palette based
coding modes may refer to various inter-predictive temporal coding modes or tntra-
predictive spatial coding meodes, such as the various coding modes specified by HEVC
Version 1. Video encoder 20, in one example, may be configured to generate a palotte
having entries indicating pixel values, select pixel vahies in a palette to represent pixels
vatues of at least some positions of a block of video data, and signal information
associating at feast some of the positions of the block of video data with entries inthe
palette corresponding, respectively, to the sclected pixel values. The signaled
mformation may be used by video decoder 30 to decode video data.

181671 In the cxampie of FIG. 2, video encoder 20 inchudes a video data memory 98, a
prediction processing vnit 100, a residual gencration unit 102, a transtorm processing
unit 104, a quantization unit 106, an inverse quantization unit 108, an inverse transform
processing unit 110, a reconstraction unit 112, a filter unit 114, a decoded picture buffer
116, and an entropy encoding unit 118, Video encoder 20 may initially store the video
data in a video data memory (not shown). Prediction processing unit 100 includes an
mter-prediction processing unit 120 and an intra-prediction processing onit 126. Inter-
prediction processing unit 120 includes a motion estimation unit and a motion
compensation unit (not shown). Video encoder 20 also includes a palette-based
encoding unit 122 configured to perform various aspects of the palette-based coding
techniques deseribed in this disclosure. Palette-based encoding vinit 122 may perform
paletic-based coding and generate syntax clements (o signal palette-based coding modes
and/or palette predictors. In other examples, video encoder 20 may inclade more,
fewer, or different fumetional components.

18188} Video data memory 98 may store video data to be encoded by the components of
video encoder 20, The video data stored in video data memory 98 may be obtained, for
example, from video source 18, Decoded picture buffer 116 may be a reference pictare
memory that stores reference video data for use in encoding video data by video
encoder 2{}, e.g., in intra- or inter-coding modes. Video data memory 98 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),
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magnetoresistive RAM (MRAM), resistive RAM (RRAM), or other types of memory
devices. Video data memory 9% and decoded picture buffer 116 may be provided by the
same memory device or separate memory devices. In various examples, video data
memory 9% may be on-chip with other components of video encoder 20, or off-chip
relative to those components,

(#1891 Video encoder 20 may recetve video data. Video encoder 20 may encode cach
CTU in a slice of a picture of the video data. Each of the CTUs may be associated with
cqually-sized luma coding tree blocks (CTBs) and corresponding CTBs of the picture.
As part of encoding a CTU, prediction processing unit 100 may perform quad-tree
partitioning {o divide the CTBs of the CTU into progressively-smaller blocks, The
smaller block may be coding blocks of Clls. For exanple, prediction processing unit
100 may partition a CTE associated with a CTU mito four equally-sized sub-blocks,
partition one or more of the sub-blocks into four equally-sized sub-sub-blocks, and so
on.

18118} Video encoder 20 may encode CUs of a CTU to generate encoded
representations of the Cls (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, cach PU may be associated with a luma prediction block
and corresponding chroma prediction blocks. Video encoder 20 and video decoder 30
may support PUs having varioos sizes. As indicated above, the size of a CU may refer
to the size of the luma coding biock of the CU and the size of a PU may refer to the size
of a luma prediction block of the PUJ. Assuming that the size of a particular CU is
ZNx2N, video encoder 20 and video decoder 30 may support PU sizes of 2Nx2N or
NxN for intra prediction, and symmetric PU sizes of ZNx2N, 2NxN, Nx2N, NxN, or
similar for inter prediction. Video encoder 20 and video decoder 30 may alsc support
asynumetric partitioning for PU sizes of 2NxualU, ZNxnDD, nl.x2N, and aRx2N for inter
prediction.

18111} Inter-prediction processing unit 120 may generate predictive data for a PU by
performing inter prediction on cach PU of a CU. The predictive data for the PU may
inchude a predictive sample blocks of the PU and motion information for the P Inter-
prediction unit 120 may perform different operations for a PU of a CU depending on
whether the PU is in an I slice, a P slice, or a B slice. In an Islice, all PUs are intra
predicted. Hence, it the PU is 1o an { slice, inter-prediction unit 120 docs not perform

mter prediction on the PU. Thus, for blocks encoded in I-mode, the predicted block is
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formed using spatial prediction from previously-encoded neighboring blocks within the
same frame.

(8112} If a PU is in a P slice, the motion cstimation unit of inter-prediction processing
unit 120 may search the reference pictures in a st of reforence pictures (e.g.,
“RefPicListy”) for a reference region for the PU. The reference region for the PU may
be a region, within a reference pictare, that contains sample blocks that most closely
corresponds to the sample blocks of the PU. The motion cstimation unit may gencrate g
reference index that indicates a position in RefPiclisth of the reference picture
containing the reference region for the PU. In addition, the motion estimation unit may
generate an MV that indicates a spatial displacement between a coding block of the PU
and a reference location associated with the reference region. For instance, the MV may
be a two-dimensional vector that provides an offset from the coordinates in the current
decoded picture to coordinates in a reference pictare. The motion estimation unit may
cuiput the reference index and the MV as the motion information of the PU. The
motion compensation unit of ier-prediction processing unit 120 may generate the
predictive sample blocks of the PU based on actual or interpolated samples at the
reference location indicated by the motion vector of the PU.

(8113} ifa PU is in a B slice, the motion estimation vntt may perform uni-prediction or
bi-prediction for the PU. To perform uni-prediction for the PU, the motion estimation
unit may search the reference pictures of RetPicList} or a 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 contans the reference region,
an MV that indicates a spatial displacement between a sample block of the PU and s
reference location associated with the reference region, and onc or more prediction
direction indicators that indicate whether the reference picture is in RefPicListC or
RefPiclist]. The motion compensation unit of inter-prediction processing vmit 120 may
generate the predictive sample blocks of the PU based at least in part on actual or
interpolated samples at the reference region indicated by the motion vector of the PU.
18114} To perform bi-directional inter prediction for a PU, the motion estimation unit
may search the reference pictures in RefPicList0 for a reference region for the PU and
may also scarch the reference pictures in RefPicList] for another reference region for
the PU. The motion estimation unit may generate refercoce picture indexes that indicate

positions in RefPiclist0 and RetPiclist] of the reference pictures that contain the
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reference regions. In addition, the motion estimation umit may generate MVs that
mdicate spatial displacements between the reference location associated with the
reference regions and a sample block of the PU. The motion information of the PU may
include the reference indexes and the MVs of the PU. The motion compensation unit
may generate the predictive sample blocks of the PU based at least in part on actual or
mterpolated samples at the reference region indicated by the motion vector of the PU.
18115} Intra-prediction processing unit 126 may generate predictive data for a PU by
performing intra prediction oo the PU. The predictive data for the PU may tuchude
predictive sample blocks for the PU and various syntax clements. Tntra-prediction
processing unit 126 may perform intra prediction on PUs in [ slices, P slices, and B
slices.

{8116} To perform intra prediction on a PU, intra-prediction processing unit 126 may
yse multiple itra prediction modes to generate multiple sets of predictive data for the
PU. To usc an inira prediction mode to generate a set of predictive data for the PU,
intra-prediction processing unit 126 may extend samples from sample blocks of
neighboring PUs across the sample blocks of the PU in a direction associated with the
intra prediction mode. The neighboring PUs may be above, above and to the right,
above and to the left, or to the left of the PU, assuming a lefi-to-right, top-to-bottom
encoding order for PUs, CUs, and CTUs, Intra-prediction processing unit 126 may use
varipus mumbers of intra prediction modes, e.g., 33 directional intra prediction modes.
In some examples, the pumber of intra prediction modes may depend on the size of the
region associated with the PU.

16117} Prediction processing unit 100 may sclect the predictive data for PUs ofa CU
from among the predictive data generated by mter-prediction processing unit 120 for the
PUs or the predictive data gencrated by intra-prediction processing unit 126 for the PUs.
o some examples, prediction processing unit 100 sclects the predictive data for the PUs
of the CU based on rate/distortion metrics of the sets of predictive data. The predictive
sampic blocks of the selected predictive data may be referred to herein as the selected
predictive sample blocks.

16118} Residual generation unit 102 may generate, based on the huma, 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
ot 102 may generate the residual blocks of the CU such that each sample in the

residual blocks has a value equal 1o a difference between a sample m a coding block of
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the CUI and a corresponding sample in a corresponding selected predictive sample block
of a PU of the CU.

18119} Transform processing unit 104 may perform quad-tree partitioning (o partition
the residual blocks associated with a CU iuto transform blocks associated with TUs of
the CU. Thus, a TU may be associated with a hama transform block and two chroma
transform blocks. The sizes and positions of the loma 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 “residual quad-tree” (RQT) may
nchide nodes associated with each of the regions. The TUs of a CU may correspond to
leaf nodes of the RQT.

(8128} 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 unit 104 may apply varicus transforms to a transform block
associated with a TU. For example, transform processing uvnit 104 may apply a discrete
cosine transtorma (DCT), a directional transform, or 2 conceptually similar transform to
a transform block. In some examples, transform processing unit 104 does not apply
transforms to a transform block. In such examples, the transform block may be treated
as a transform coctlicient block.

(8121} Quantization unit 106 may quantize the transform coefficients in a coefficient
block. The quantization process may reduce the bit depth associated with some or all of
the transform cocfiicicnts. For example, an »-bit transform coctficient may be rounded
down to an m-bit transform coefficient during quantization, where » is greater than m.
Quantization unit 106 may quantize a cocfficient block associated with a TU of a CU
based on a quantization parameter (QP) value associated with the CU. Video encoder
20 may adjust the degree of quantization applied to the coefficient blocks associated
with a CU by adjusting the QF value associated with the CU. Quantization may
mitroduce loss of information, thus quantized transform coetficients may have lower
precision than the original ones.

16322} Inverse guantization unit 108 and inverse transform processing uonit 110 may
apply inverse guantization 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 one or more
predictive sample blocks generated by prediction processing unit 100 to produce a

reconstructed transform block associated with a TU. By reconstructing transform
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blocks for each TU of a CU in this way, video encoder 20 may reconstruct the coding
blocks of the CU.

(8123} Filter unit 114 may perform one or more deblocking operations to reduce
blocking artifacts io the coding blocks associated with a CU. Decoded picture buffer
116 may store the reconstracted coding blocks after filter unit 114 performs the one or
more deblocking operations on the reconstructed coding blocks. Inter-prediction
processing unit 120 may use a reference picture that contains the reconstructed coding
blocks to perforo inter prediction on PUs of other pictures. Tn addition, intra-prediction
processing umit 126 may use reconstructed coding blocks in decoded picture buffer 116
to perform intra prediction on other PUs in the same picture as the CU.

(8124} Entropy encoding unit 118 may receive data from other functional components
of video encoder 20. For example, entropy encoding unit 118 may receive coefficient
blocks from quantization unit 106 and may receive syntax clements from prediction
processing unit 100, Entropy encoding unii 118 may perform one or more cutropy
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, 8 CABAC operation, a variable-to-variable (V2V} length coding
operation, 2 syntax-based context-adaptive binary arithmetic coding (SBAC) operation,
a Probability Interval Partiioning Entropy (PIPE) coding operation, an Exponential-
Golomb encoding operation, or another type of entropy enceding operation on the data.
Video encoder 20 may output a bitsiream that includes entropy-encoded data generated
by entropy encoeding unit 118, For instance, the bitstrears may include data that
represents a RQT fora CUL

{8125} In accordance with various examples of this disclosure, video encoder 20 may be
configured to perform palette-based coding. With respect to the HEVC framework, as
an exauple, the paletic-based coding techniques may be configured to be used as a
coding unit (CU) mode. In other examples, the palette-based coding technigues may be
configured to be used as a PU mode in the framework of HEVC, Accordingly, all of the
disclosed processes described herein (throughout this disclosure) in the context ofa CU
mode may, additionally or alternatively, apply to PU. However, these HEVC-based
examples should not be considered a restriction or Hmitation of the palette-based coding
techniques described herein, as such techoiques may be applied to work independently

or as part of other existing or yet to be developed systerns/standards. Inthese cases, the
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unit for palette coding can be square blocks, rectangular blocks or even regions of non-
rectangular shape.

{8126} Palettc-based cncoding unit 122, for exampiec, may perform palette-based
encoding when a paletie-based encoding mode is selected, e.g., fora CU or PU. For
example, palette-based encoding unit 122 may be configured to generate a paletic
having entries indicating pixel values, select pixel valaes in a palette to represent pixels
values of at least some pixel locations in a block of video data, and signal information
associating at least some of the pixel locations in the block of video data with entries in
the palette corresponding, respectively, to the selected pixel values in the palette.
Although various functions are described as being performed by palette-based encoding
unit 122, some or ali of such functions may be performed by other processing units, or a
combination of different processing units.

(#1271 In accordance with the techniques of this disclosure, video encoder 20 may be
configured to encode a block of video data that has a single color value using 3 single
color mode as a sub-mode of a palette coding mode.  According fo the techmiques
described m this disclosure, in the case that all pixels within a block have a single color
value sach that the block is to be encoded using the single color mode of the paletts
coding mode, palette-based encoding unit 122 of video encoder 20 generates a palette
for the block including a single palette entry that indicates the single color value.
Palette-based encoding unit 122 then encodes the block using the single color mode
with respect to the palette, and signals a syntax element indicating that the block is
encoded using the single color mode 10 an cocoded bustreart. In some examples,
paletic-based encoding unit 122 may also signal the single color value in the encoded
bitstream either as a non-predicted palette entry or as a predicted entry from a paletic
predictor.

(8128} In this way, a block having a single color value may be cucoded using the single
color moede of the palette coding mode with a reduced nomber of bits compared to a
normal mode of the palette coding mode. For example, video encoder 20 may encode a
current block using the single color mode of the palette coding mmode without having to
encode a binary paletie prediction vector used to generate a palette, a number of non-
predicted palette entrics and their corresponding values included in the palette, a flag to
indicate whether escape pixels having colors that arc not included in the paletic are
present in the block, or any index values corresponding to palette entries that indicate

color vahues for pixels within the block. The techniques for encoding a block of video
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data that has a single color valae using 4 single color mode as a sub-mode of a palette
coding mode are described in more detatl with respect to FIG. 5.

(8129} FIG. 3 is a block diagram illustrating an cxample video decoder 30 that is
configured to implement the techoigues of this disclosure. FIG. 3 is provided for
purposes of explanation and is not limiting on the techniques as broadly exemplified
and described n this disclosure. For purposes of explanation, this disclosore deseribes
video decoder 30 in the contoxt of HEVC coding. However, the techniques of this
disclosure may be applicable o other coding standards or methods,

18138}] Video decoder 30 represents an example of a device that may be configured to
perform techniques for palette-based video coding and generate paleties based on
information associated with palette predictors, as signaled in an encoded bitstream, 1o
accordance with various examples described in this discloswre. Video decoder 30 may
be configured to selectively decode various blecks of video data, such as ClUs or PUs in
HEVC coding, using cither paletic-based coding or non-palette based coding. Non-
paletic 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 Version 1. Video decoder 38, in one example, may be configured to generate a
palette having entrics Indicating pixel values, receive information associating at least
some positions of a block of video data with entrics in the palette, select pixel values
the paletie based on the information, and reconstruct pixel values of the block based on
the selected pixel values.

16131} In the example of FIG. 3, video decoder includes a video data memory 148, an
entropy decoding unit 150, a prediction processing unit 152, an inverse quantization unit
154, an inverse transform processing wunit 156, a reconstruction unit 158, a filter umit
160, and a decoded picture buffer 162, Prediction processing vait 152 includes g
mofion compensation unit 164 and an indra-prediction processing unit 166, Video
decoder 30 also includes a palette-based decoding unit 165 configured to perform
various aspects of the paletic-based coding techniques described in this disclosure,
ncluding techniques for decoding information associated with palette predictors. In
other examples, video decoder 30 may include more, fower, or different fumctional
components.

(8132} Video data memory 148 may store video data, such as an encoded video
bitstream, to be decoded by the components of video decoder 30, The video data stored

m video data memory 148 may be obtained, for example, from computer-readable
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medium 16, ¢.g., from a local video source, such as a camera, via wired or wireless
network commumication of video data, or by accessing physical data storage media.
Video data memory 148 may form a coded picture buffer {CPB) that stores encoded
video data from an encoded video bitstream.  Decoded picture buffer 162 may be a
reference picture memory that storves reference video data for use in decoding video data
by video decoder 30, ¢.g., n intra- or inter-coding modes. Video data memory 148 and
decoded picture buffer 162 may be formed by any of a variety of memory devices, such
as dynamic random access momory (DRAM), including synchronous DRAM
(SDRAM), magnetoresistive RAM (MRAM), resistive RAM (RRAM]}, or other types of
memory devices. Video data memory 148 and decoded picture buffer 162 may be
provided by the same memory device or separate memory devices. In various exanples,
video data memory 148 may be on-chip with other components of video decoder 30, or
oft-chip relative to those components.

18133} Video data memory 148, i.e., a CPB, may receive and store encoded video data
(e.g., NAL units) of a bitstream. Entropy deceding voit 150 may receive encoded video
data {c.g., NAL units) from video data memory 148 and parse the NAL units to decode
syntax elements. Entropy decoding unit 150 may eniropy decode entropy-enceded
syntax clements in the NAL units. Prediction processing unit 152, mverse quantization
umit 154, inverse transform processing unit 156, reconstruction unit 158, and filter unit
160 may generate decoded video data based on the syntax elements extracted from the
bitstream.

18134} The NAL units of the bitstream may include coded slice NAL units. As part of
decoding the bitstream, entropy decoding unit 150 may extract and entropy decode
syntax elements from the coded shice NAL units. Each of the coded slices may include
a slice header and slice data. The slice header may contain syntax elements pertaining
to a shice. The syntax clements in the slice header may foclude a syntax element that
wdentifies a PPS associated with a picture that contains the slice.

14135} In addition (o decoding syntax clements from the bitstream, video decoder 36
may perform a reconstruction operation on a non-partitioned CU. To perform the
reconstruction operation on a nen-partitioned CU, video decoder 30 may perform a
reconstruction operation on each TU of the CU. By performing the reconstraction
operation for each TU of the CU, video decoder 30 may reconstruct residual blocks of

the CU.
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16136] As part of performing a reconstruction operation on a TU of a CU, inverse
quantization unit 154 may inverse quantize, 1.e., de-quantize, coefficient blocks
associated with the TU. Inverse quantization unit 154 may use 8 QP value associated
with the CU of the TU te determine a degree of quantization and, ikewise, a degree of
mverse quantization for inverse quantization unit 154 to apply. That is, the compression
ratio, i.¢., the ratio of the number of bits used {o represent original sequence and the
compressed ong, may be controlied by adjusting the value of the QP used when
quantizing transform cocficients. The corpression ratio may also depend oun the
method of entropy coding employed.

[8137] After inverse quantization unit 154 inverse quantizes a coefficient block, inverse
transform processing unit 156 may apply one or more inverse transforms to the
coefficient block in 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 (KL T), an inverse rotational
iransform, an inverse directional fransform, or another inverse transform to the
coefficient block.

{8138} If a PU is encoded using intra prediction, intra-prediction processing unit 166
may perform intra prediction to generate predictive blocks for the PU. Intra-prediction
processing unit 166 may use an intra prediction mode to generate the predictive luma,
Ch 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 fr
the PU based on ong or more syntax clemenis decoded from the bitstrean.

16139} Prediction processing unit 152 may construct a fivst reference picture list
{RetPicListd) and a second reference picture Hst (RefPicList]) based on syntax elements
extracted from the bitstream. Forthermore, if 2 PU is encoded using inter prediction,
entropy decoding unit 150 may extract motion information for the PU. Motion
compensation unit 164 may determine, based on the motion information of the PU, one
or more reference regions for the PU. Motion compensation unit 164 may generale,
based on samples blocks at the one or more reference blocks for the PU, predictive
kmma, Cb and Cr blocks for the PU.

{8148} Reconstruction unit 158 may use the luma, Chb and Cr transform blocks
associated with TUs of a CU and the predictive luma, Cb and Cr blocks of the PUs of
the CU, i.¢., cither intra-prediction data or inter-prediction data, as applicable, to

veconstruct the luma, Cb and Cr coding blocks of the CU. For example, reconstruction
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unit 158 may add samples of the luma, Cb and Cr transform blocks to corresponding
samples of the predictive luma, Cb and Cr blocks to reconstruct the loma, Ch and Cr
ceding blocks of the CU.

(6141} Filter untt 160 meay perform a deblocking operation to reduce blocking artifacts
associated with the tuma, Cb and Cr coding blocks of the CU. Video decoder 30 may
store the loma, Ch and Cr coding blocks of the CU in decoded pictare buffer 162,
Decoded picture buffer 162 may provide reference pictures for subsequent motion
compensation, intra prediction, and prescutation on a display device, such as display
device 32 of FIG. 1. Forinstance, video decoder 30 may perform, based on the luma,
Ch and Cr blocks i decoded picture buffer 162, intra prediction or inter prediction
operations on PUs of other CUs. Tn this way, video decoder 30 may extract, from the
bitstream, transform coetficient levels of the significant hima coefficient block, mverse
quantize the transform coefficient levels, apply a transform {o the transform coefficient
fevels {o generate a transform block, generate, based at least in part on the transform
block, a coding block, and output the coding block for display.

18142} In accordance with various examples of this disclosure, video decoder 30 may be
configured to perform palette-based coding. Paleite-based decoding umit 165, for
example, roay perform paletic-based decoding when a palette-based decoding moede is
selected, e.g., for a CU or PU. For example, palette-based decoding unit 165 may be
configured to gencrate a palette baving entries indicating pixel values, receive
information associating at least some positions of a block of video data with entries in
the palette, select pixel valucs 1o the palette based on the information, and reconstruct
pixel values of the block based on the selected pixel values. Also, paletie-based
decoding unit 165 may be configured to decode information from the encoded video
data bitstream associated with paletic predictors, and use such information to predict
palettes for use in decoding video data. Although various functions are described as
being performed by palette-based decoding unit 165, some or all of such fumetions may
be performed by other processing units, or a combination of different processing units.
18143} In accordance with the techniques of this disclosure, video decoder 30 may be
contigured to decode a block of video data that has a single color value asing a single
color moede as a sub-mode of a palette coding mode. In accordance with the disclosed
techniques, upon receiving a syotax clement in an encoded bitstream indicating that a
block is 1o be decoded using the single color mode of the palette coding mode, paletie-

based decoding unit 165 generates a palette for the block inchuding a single palette entry



WO 2015/196104 PCT/US2015/036742

41

that indicates a single color value, and decodes the block with respect to the paletie such
that all pixels within the block have the single color value indicated in the palette.
(8144} In some examples, palette-based decoding unit 165 may generaie the paletic for
the block based on receiving the single color value in the encoded bitstrean as a non-
predicted palette entry, and using the non-predicted palette entry as the single paletie
entry in the palette. In other examples, palette-based decoding unit 165 may generate
the paletic for the block based on selecting an entry in a palette predictor that indicaics
the single celor value to be the single palctie eniry in the palette. To general, the paletic
predictor may include one or more palette entries from one or more palettes of
previcusly decoded blocks.

(6145} In this way, a block having a single color value may be decoded using the single
color mode of the palette coding mode with a reduced number of bits compared to a
normal mode of the palette coding mode. For example, video decoder 30 may decode a
current block using the single color mode of the palette coding mode without having to
decode a binary palette prediction vector used to gonerate a palette, a number of non-
predicted palette entries and their corresponding values to be meladed in the paletie, a
flag to indicate whether escape pixels having colors that are not inchided in the palette
are present in the block, or any index values corresponding to paletic eniries that
mdicate color values for pixels within the block. The technigues for decoding a block
of video data that has a single color valoe using a single color mode as a sub-mode of a
palette coding mode are described in more detail with respect to FIG. 6.

163146} FIG. 4 1s a conceptual diagram dlustrating an example of determining palette
entries for palette-based video coding, in accordance with the techmniques described in
this disclosure. The example of FIG. 4 includes a picture 178 having a first coding onit
{CU} 180 that is coded with a palctic coding mode with respect to first palettes 184 and
a sccond CU 188 that is coded with the palette coding mode with respect to second
palettes 192, As described in greater detail below and in accordance with the techniques
of this disclosure, second palettes 192 are based on first paleties 184, Picture 178 also
ncludes block 196 ceded with an intra-prediction coding mode and block 200 that is
coded with an inter-prediction coding mode.

{8147} 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 to the HEVC
video coding standard for purposes of explanation. However, it should be understoed

that the techniques of this disclosure are not limited in this way, and may be applied by
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other video coding processors and/or devices m other video coding processes and/or
standards.

(8148} In general, a palettc refers to a number of pixel values that are dominant and/or
representative for a CU currently being coded, i.e., CU 188 in the example of FIG. 4.
First palettes 184 and second palettes 192 are shown as including muiltiple palettes. In
some examples, according to aspects of this disclosare, a video coder (such as video
encoder 20 or video decoder 30} may code palettes separately for cach color conmponent
of a CU. For example, video enceder 20 may encode a palette for a luma (Y)
component of a CU, another palette for a first chroma (1) component of the CU, and yet
another palette for a second chroma (V) component of the CU. In this example, entries
of the Y palectte may ropresent Y values of pixels of the CU, entries of the U palette may
vepresent U values of pixels of the CU, and entries of the V palette may represent V
values of pixels of the CUL

184149} In other examples, video encoder 20 may ¢ncode a single paletie for all color
components of a CU. o this example, video encoder 20 may encode a palette having 2o
i-th entry that is a triple value, melading Y3, UR, and Vi, In this case, the palette
inchudes values for gach of the components of the pixels. Accordingly, the
representation of first palettes 184 and second paleties 192 as a set of palettes having
multiple individual palettes is merely one example and not intended to be hmiting.
[#158] 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. Eniries
202-206 relate the palette indices to pixel values tnchuding pixel value A, pixel value B,
and pixel value C, respectively. As described herein, rather than coding the actual pixel
values of first CU IR0, a video coder {such as video encoder 20 or video decoder 3{1)
may usc paletic-based coding to code the pixels of the block using the palette indices 1-
3. That is, for each pixel position of first CU 180, video encoder 20 may encode an
mdex value for the pixel, where the index valoe is associated with a pixel value in one
or more of first palettes 184, Video decoder 30 may obtain the paletic indices from a
bitstrear and reconstruct the pixel values using the paletic indices and one or moere of
first palettes 184,

(8151} In some examples, video encoder 20 and video decoder 30 may determine
second palettes 192 based on first paletics 184, For example, video encoder 20 and/or

video decoder 30 may locate one or more blocks frorn which the previous paleties, 1o
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this example, fivst palettes 184, are determined. The combination of entries being used
for purposes of prediction may be referred to as a palette predictor.

(8152} In the example of FIG. 4, second palettes 192 include three eniries 208-212
having cntry index value 1, erdey index value 2, and entry index value 3, respectively.
Entries 208-212 relate the palette indices to pixel values including pixel value A, pixel
value B, and pixel value D, respectively. In this example, video encoder 20 may code
one or more syntax cloments indicating which entries of first palettes 184 (representing
a paletic predictor, although the paletic predictor may include endries of a nursher of
blocks) are included in second palcties 192,

{8153} In the example of FIG. 4, the one or more syntax elements are Hlustrated as a
vector 216, Vector 216 has a number of associated bins {or bits), with cach bin
mdicating whether a corresponding cotry in the palette predictor is used to predict an
entry of the current palette. For example, vector 216 indicates that the first two entries
(202 and 204) of first palettes 184 arc included in the first two entries (208 and 210) of
second palettes 192 (a value of “17 in vector 216}, while the third entry 206 of first
paleties 184 s not included in second palettes 192 (a value of “07 in vector 216}, Inthis
example, the pixel vahie D indicated by the third entry 212 of second palettes 192 may
be explicitly signaled in an encoded bitstrearn. I the exanple of FIG. 4, the vector s a
Boolean vector. The vector may be referred to as a binary palette prediction vector.
(#1584} In some examples, as noted above, video encoder 20 and video decoder 30 may
determine a paleite predictor (which may also be referred to as a paletic predictor table
or palette predictor list) when performing palette prediction. The palctie predictor may
inchude one or more palette entries from one or more palettes of previously coded
neighboring blocks that are used to predict one or more entries of a palette for coding a
current block., Video encoder 20 and video decoder 30 may construct the paletie
predictor in the same manner. Video encoder 20 and video decoder 30 may code data
{such as vector 216) to indicate which entries in the paletie predictor are to be copied to
a paletic for coding a current block.

161588} Thus, in some examples, palette entries for previously decoded CUs are stored in
a paletic predictor list. This Hist may be used to predict palette entries n a palette for a
current CU. In some examples, the predicted paletic entries for the current CU maay be
moved (o a beginning of the palette predictor list because the predicied paleite entrics
have a high prebability of being used to predict palette cotries in a palette fora

subsequently coded neighboring CU. A binary paletie prediction vector may be
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signaled in the bitstream to indicate which entries in the list are re-used in the current
palette. In U.S. Application No. 14/667. 411, filed March 24, 2015, binary tree based
signaling methods and end-position based signaling methods are used to code the binary
palette prediction vector, and run length coding is used to compress the binary paletie
prediction vector. Tn an exarmple, the run-length value is coded using 0™ order Bxp-
Golomb code. In U.S. Provisional Application Ne. 62/(402,741, filed May 23, 2014, a
group based signaling method is used to code the binary palette prediction vector.
181586} According to aspects of this disclosure, video encoder 20 and video decoder 30
may be configured to code {e.g.. encode and decode, respectively) a current CU that has
a single color value using a single color made as 2 sub-mode of a palette coding mode
with respect 1o a paletic that includes ondy a single palette entry indicating the single
color value. Each of video encoder 20 and video decoder 30 may generate the palette
for the current single color CU to inclhude the single paletie entry indicating the single
color vahie. In some cxamples, the single color value indicated by the single paletic
entry of the paletie for the current CU may be explicitly signaled in the encoded
bitstream as a non-predicted palette entry, e.g., similar to pixel value D in the third entry
212 of second palettes 192, In other examples, the single color value indicated by the
single paletic endry of the palette for the current CU may be predicted fror a paletie
predictor. Several specific examples of predicting the single palette entry in the palette
for the current CU are described below.

18157} In one example, an index value corvesponding to an cutry in the palette predictor
that indicates the single color value may be signaled 1o the encoeded bitstream and video
decoder 30 may use the corresponding entry from the palette predictor as the single
paletic entry in the paletie for the current CU. In another example, a maximom size of
the palette predictor may be set equal to 1 such that the palette predictor only includes a
first entry that indicates the single color value, c.g., first entry 202 of first paleties 184
representing the palette predictor. In this case, video decoder 30 may use the fivst and
only entry from the paletic predicior as the single palette entry in the palette for the
current single color CU, without having to receive an index value of the first entry in the
encoded bitstream.

[61538] In a further example, 8 maximum size of the paletie predictor may be set equal
to M, which is an integer value greater than i, such that the paletie predicior includes a
first M entries, ¢.g., first entry 202 and second entry 204 of first paletics 184

representing the palette predictor in the case that M=2. In this case, an index value
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corresponding to one of the first M entrics in the palette predictor that indicates the
single color valoe may be signaled in the encoded bitstream, and video decoder 30 may
use the corresponding one of the first M entries as the single palette ontry i the palette
for the current single color CU.

(68158} In another example, at least one entry is pruned or removed from the palette
predictor based on a difference between the at least one entry and a value of neighboring
pixels of the current CU being greater than a threshold, where the value of the
neighboring pixels may be a mean value of the neighboring pixels, a median value of
the neighboring pixels, or a color valoe of one of the neighboring pixels. In this case, an
idex valoe corresponding to one of one or more remaining entries in the palette
predictor that indicates the single color value may be signaled in the encoded bitstream,
and video decoder 30 may use the corresponding one of the remaining entries as the
single palette entry in the palette for the current single color CU. In either of the
previous two examples, the reduced size of the palette predictor, compared to the
normal mode of the palette coding mode, may reduce a number of bits necded 1o signal
an index value of the palette predictor.

{8168} In addition, unlike the normal mode of the palette coding mode, the predicted
singie paletic endry in the paletie for the current single color CU may not be moved to a
first position of the palette predictor for use predicting paletic entries for subsequently
coded neighboring CUs. In this way, according to the technigues of this disclosure,
implementation of the single coding mode of the palette coding mode is as simpic as
possible.

16161} FIG. 5 1s a flowchart illustrating an example operation of a video encoder
encoding a block of video data using a single color mode as a sub-mode of the palette
coding mode. The examplc operation illustrated in FIG. 5 may be performed by video
encoder 20 from FIG. 2.

[8162] In accordance with the techniques described in this disclosure, video encoder 20
determines whether all pixels within a block of video data have a single color value such
that the block is 1o be encoded using a single color mode as a sub-mode of 2 palette
coding mode (220). In the case that the block 15 to be encoded using the single color
mode of the palette coding mode, palette-based encoding unit 122 of video encoder 20
gencraies a palette for the current block including a single palette entry that indicates the

single color valae (222). Upon generating the palette for the current block, paletie-
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based encoding umit 122 encodes the current block using the single color mode of the
paletie coding mode with respect to the palette (224).

{8163} For exanple, to encode the current block using the single color mode, palette-
based encoding unit 122 may signal the single color value indicated by the single palette
entry in the paletic as a non-predicted paletic entry. As another example, to encode the
current block using the single color mode, palette-based encoding unit 122 may select
ah entry in a palette predictor used to predict the single palette entry in the palette that
indicates the single color value. As described above with respect to FIG. 4, the paletie
predictor includes one or more paletie entries from one or more paleties of previously
encoded blocks that may be used to predict the single palette entry in the palette for the
current block. Several specific examples of predicting the single palette entry are
described below.

[#164] In one example, to encode the current block using the single color mode, palette-
based encoding unit 122 may signal an index valoe corresponding o the selected entry
in the palette predictor used 1o predict the single paletie entry in the paletic that indicates
the single color value.

{8163} In ancther example, to encode the current block using the single color mode,
palette-based encoding unit 122 may set a maximum size of the palette predictor to be
equal to one such that the palette predictor only inclades a fivst entry, the first entry
being the selected entry used to predict the single palette entry in the palette that
indicates the single color value. In this example, palette-based encoding unit 122 may
use the first and only entry from the palette predictor to predict the single paletic cutry
in the palette for the current block without having to signal an index value
corresponding o the first entry in the palette predictor in the encoded bitstream.

{8166} In an additional example, to encode the current block using the single color
mode, palette-based encoding wit 122 may set a maximum size of the paletie predictor
to be equal to M such that the palette predictor includes & first M entries, where M is an
integer value greater than one. Paletie-based enceding vnit 122 may thon signal an
index vaiue cotresponding to one of the first M eniries in the palette predictor, the one
of the first M entries being the selected entry used to predict the single palette entry n
the palette that indicates the single color vahie. In this example, the redoced size of the
paletic predictor, compared to the normal mode of the palette coding mode, may reduce
a number of bits needed to signal the index value corresponding to the one of the first M

entries in the palette predictor in the encoded bitstream.
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18167} In another example, to encode the current block using the single color mode,
paletic-based encoding unit 122 may prune or remove at least one entry from the paletic
predictor based on a difference between the at least one entry and a valoe of ncighboring
pixels of the current block being greater than a threshold. In some cases, the value of
the neighboring pixels of the current block may be a mean value of color values i one
or more of an above-neighboring Hine of reconstracted pixels or a left-neighboring line
of reconstructed pixels. In other cases, the value of the veighboring pixels of the current
block may be a median value of color values in one or more of an above-neighboring
line of reconstructed pixels or a left-neighboring line of reconstructed pixels. In still
other cases, the value of the neighboring pixels of the current block may be a color
value of one of the reconstructed pixels in cither an above-neighboring line of
reconstructed pixels or a left-neighboring Hne of reconstructed pixels. Based on the
difference between a given entry from the palette predictor and the vahie ofthe
neighboring pixels of the current block being greater than a threshold, palette-based
encoding unit 122 may prunc or remove the given entry from the paletie predictor.
16168} Palette-based encoding unit 122 may perform the above described entry removal

determination for each of the entries in the palette predictor such that the palette

then signal an index value corresponding to one of the remaining entries in the paletie
predictor, the one of the remaining entries being the selected entry used to predict the
single palette cntry in the palette that indicates the single color value. In this example,
the reduced size of the paletic predictor, compared fo the normal mode of the palette
coding mode, may reduce a number of bits needed 1o signal the index value
corresponding to the one of the remaining entrics in the palette predictor in the encoded
bitstream,

(8169} In addition, after encoding the current block using the single color mode of the
palette coding mode with respect to the paletie for the block including the single paletie
entry that is predicted from the selected entry in the paletic predictor, paletic-based
encoding unit 122 may determine to noet move the predicted single palette entry for the
current block to a first position of the palette predictor for use predicting palette entries
for subsequently encoded neighboring blocks. This 1s unlike the normal mode of the
paletic coding mode in which the predicted paletie entries for a current block may be
moved to a beginning of the palette predictor because the predicted paletie endries have

a high probability of being used to predict palette entries in a palette for a subsequent
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coded neighboring block. In this way, according to the techniques of this disclosure,
implementation of the single coding mode of the palette coding mode is as simple as
possible.

(8178 In further accordance with the tochnigues described in this disclosure, palstic-
based encoding wnit 122 of video encoder 20 signals a syntax element indicating that the
corrent block is encoded using the single color mode of the palette coding mode (226},
18171} In some examples, video encoder 20 may signal the syntax clement (e.g., a flag)
in the encoded bitstream that indicates whether or not the current block of the video data
is encoded using the single color mode of the paletie coding mode. In the case that all
of the pixels within the current block do not have the single color value such that the
block is not o be encoded using the single color mode of the palette coding mode, video
encoder 20 may signal another syntax element {e.g., a flag) in the encoded bitstream
mdicating whether or not the current block is encoded using a normal mode of the
palette coding mode. In this example, both the single color mode and the normal mode
may be sub-modes of the paletic coding mode.

16172} In other examples, video encoder 20 may signal a fivst syntax element (e.g., a
flag) in the encoded bitstream that indicates whether or not the current block of the
video data is encoded using the paletic coding mode, and, v the case that the corrent
block is encoded using the palette coding mode, signal a second syntax element {e.g., 8
flag) in the encoded bitstream that indicates whether or not the current block is encoded
using the single color mode of the palette coding mode.

18373} In some cases, video cocoder 20 may signal the syotax clement indicating
whether the curvent block 1s encoded using the single color mode of the paletic coding
mode after signaling a skip flag indicating that the corrent bloek is not encoded using 2
skip maode, and prior to signaling a prediction mode flag, where the prediction mode
flag indicates whether the current block is encoded using an imter-prediction mode or an
mira-prediction mode n the case that the block s not encoded using the palette coding
mode. in other cases, video encoder 20 may signal the syntax clement after signaling
the prediction mode flag indicating that the currend block is encoded using an udva-
prediction mode.

[8174] FIG. 6 1s a flowchart illustrating an example operation of a video decoder
decoding a block of video data using 2 single color mode as a sub-mode of the palette
coding mode. The example operation illustrated 1o FIG. 6 may be performed by video

decoder 30 from FIG. 3.
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18178} Video decoder 30 receives an encoded bitstream from 4 video encoder, such as
video encoder 20. The encoded bitstream inchides representations of encoded blocks of
video data for at least one picture and onc or more syntax clemenis associated with the
video data. In accordance with the techunigues described in this disclosure, video
decoder 30 may receive a syntax clement indicating whether a block of video data is to
be decoded using a single color mode as a sub-mode of a palette coding mode (230).
18176} In some examples, video decoder 30 may receive the syntax clement (e.g., a
flag) in the biistream that indicates whether or not the current block of the video data is
10 be decoded using the single color mode of the palette coding mode, and, in the case
that the current block is not to be decoded using the single color mode, recetve another
syntax clement {e.g., & flag) in the bitstream indicating whether or not the current block
18 10 be decoded using a normal mode of the palette coding mode. In this example, both
the single color mode and the normal mode may be sub-modes of the paletie coding
mode.

183771 In other examples, video decoder 30 roay receive a first syntax clement (e.g., a
flag) in the bitstream that indicates whether or not the current block of the video data s
to be decoded using the palette coding mode, and, in the case that the current block is to
be decoding using the paletie coding moede, receive a second syntax element {e.g., a
flag) in the bitstream that indicates whether or not the cusrent block is to be decoded
using the single color mode of the palette coding mode.

18178} In some cases, video decoder 30 may receive the syntax clement indicating
whether the current block is to be decoded using the stugle color mode of the paletic
coding mode after receiving a skip flag indicating that the current block is not to be
decoded using a skip mode, and prior to receiving a prediction mode flag, where the
prediction mode flag indicates whether the current block is to be decoded using an inter-
prediction mode or an téra-prediction mode in the case that the block is not to be
decoded using the palette coding mode. In other cases, video decoder 30 may receive
the syntax clement after receiving the prediction mode flag indicating that the current
block is to be decoded using an indra-prediction mode.

16179} In the case that the current block 1s to be decoded using the single color mode of
the palette coding mode, palette-based decoding unit 165 of video decoder 30 generates
a paletic for the current block including a single palctie entry that indicates 3 single
codor value (2323, Upon generating the palette for the current block, paletic-based

decoding unit 1635 decodes the block using the single color mode of the paletic coding
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maode with respect to the palette such that all pixels within the decoded block have the
single color valae indicated in the palette for the block (2343,

{8188} For example, to gencrate the palette for the current block, paletie-based decoding
unit 163 may receive the single color value as a non-predicted paletic eniry, and use the
non-predicted paletie entry as the single palette entry in the palette for the current block.
As another example, to generate the palette for the current bloek, palette-based decoding
unit 165 may select an entry from a paletie predictor that indicates the single color value
1o be the single palette cotry in the palette for the current block. As described above
with respect to FIG. 4, the palette predictor inclhudes one or more palette entries from
one or more paleties of previously decoded blocks that may be used to predict the single
palette enfry in the palette for the current block. Several specific exanples of predicting
the single paletic entry are described below.

[#181] In one example, to generate the palette for the current block, palette-based
decoding unit 165 may receive an index value corresponding to the eniry in the paletic
predictor that indicates the single color value, and select the corresponding eniry from
the palette predictor to be the single palette entry in the palette for the block.

[6182] In another example, to generale the palette for the corrent block, palette-based
decoding unit 165 may sct a maximum size of the paletie predictor to be equal to one
such that the paletie predictor only includes a first entry, the first entry being the entry
that indicates the single color value, and select the first entry from the palette predictor
to be the single palette entry in the paletie for the block. In this example, palette-based
decoding unit 163 may use the first and only entry from the palette predictor as the
single palette entry in the palette for the current block without having to recetve an
index value corresponding to the first entry in the palette predictor from the encoded
bitstream,

(8183} In an additional example, to gonerate the palette for the current block, paletie-
based decoding unit 165 may set a maxinuim size of the palette predictor to be equal to
M such that the palette predictor inciudes a first M enirics, where M is an integer value
greater than one. Palette-based decoding unit 165 may then receive an index vahie
corresponding to one of the first M entrics in the palette predictor, the one of the first M
entries being the entry that indicates the single color value, and select the corresponding
one of the first M entrics from the paletic predictor to be the single palctte entry inthe
palette for the bleck. In this example, the reduced size of the paletie predictor,

compared to the normal mode of the palette coding mode, may reduce a number of bits
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needed to signal the index value corresponding to the one of the first M entries in the
paletie predictor in the encoded bitstream.

(8184} In another example, to generale the paletic for the corrent block, paleite-based
decoding unit 165 may prunc or remove at least one entry from the paletic predictor
based on a difference between the at least one entry and a value of neighboring pixels of
the current block being greater than a threshold. In some cases, the value of the
neighboring pixels of the current block may be a mean value of color values in one or
more of an above-neighboring line of reconstructed pixels or & lefi-neighboring line of
reconstructed pixels. In other cases, the value of the neighboring pixels of the current
block may be a median value of color values in one or more of an above-neighboring
line of reconstructed pixels or a lefi-neighboring line of reconstructed pixels. In still
other cases, the value of the neighboring pixels of the current block may be a color
value of one of the reconstructed pixels in either an above-neighboring line of
reconstructed pixels or a left-neighboring line of reconstructed pixcls. Based on the
difference between a given enfry from the palette predictor and the value of the
neighboring pixels of the current block being greater than a threshold, palette-based
decoding unit 165 may prune or remove the given entry from the paletie predictor.
(8185} Palctic-based decoding unit 165 may perform the above described endry removal
determination for cach of the entries in the palette predictor such that the palette
predictor inclades one or more remaining entries. Palette-based decoder umit 165 may
then veceive an index value corvesponding to one of the remaining eontries in the paletic
predictor, the one of the remaining entries being the entry that indicates the single color
vatue, and select the corresponding one of the remaining entries from the palette
predictor to be the single palette entry in the palette for the block. In this example, the
reduced size of the palette predictor, compared to the normal mode of the paletic coding
mode, may reduce a mumber of bits needed to signal the index value corresponding to
the one of the remaining entries in the palette predictor in the encoded bitstream.

14186} In addition, in the single color mode of the palette coding mode, after gencrating
the palette for the current block including the single palette cntry that is predicted from
the palette predictor, palette-based decoding unit 165 may determine to not move the
predicted single palette entry for the current block to a first position of the palette
predictor for use predicting palette entries for subsequently decoded neighboring blocks.
This is uniike the normal mode of the palette coding mode v which the predicted palctte

nirics for a current block may be moved to 4 beginming of the paletie predictor because

L}
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the predicted palette entries have a high probability of being used 1o predict paletic
entries in a palette for a subsequently coded neighboring block. In this way, according
to the technigues of this disclosure, implementation of the singie coding mode of the
palette coding mode is as simple as possible,

(81871 In this disclosure, technigues described in the context of video encoder 20 (FIG.
1 and FIQG. 2} and video decoder 30 (FIG. 1 and FIG. 3} and with respect to the HEVC
video coding standard for purposes of explanation. However, it should be understood
that the techniques of this disclosure are not Himited in this way, and may be applied by
other video coding processors and/or devices m other video coding processes and/or
standards.

[8188] As described in this disclosure, video encoder 20 and/or video decoder 30 may
be configured to predict or code with the palette mode, and code a palette prediction
vector using various technigoes described in this disclosure, alone or in any
combination. in some cxamples, such technigues for coding a palette prediction vector
may promote coding cfficicncy. While the technigues described 1o this disclosure are
described in the context of CUs (HEVC), it should be understood that the techniques
may also be applied to prediction units {(PUs) or in other video coding processes and/or
standards.

{8189 It 15 to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed i a different sequence, may be
added, merged, or left out akliogether (c.g., not all described acts or events are necessary
for the practice of the techniques). Morcover, in certain cxamples, acts or cvents may
be performed concurrently, ¢.g., through multi-threaded processing, mierrupt
processing, or multiple processors, rather than sequentially.  In addition, while certain
aspacts of this disclosure are described as being performed by a single module or unit
for purposes of clarity, it shouid be understood that the techmigques of this disclosure may
be performed by a combination of units or modules associated with a video coder.
18198} Certain aspects of this disclosure have been described with respect to the
developing HEVC standard for purposes of illustration. However, the techuiques
described m this disclosure may be useful for other video coding processes, inchiding
other standard or proprictary video coding processes not yet developed.

(8191} The techniques 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
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referred to as a video coder. Likewise, video coding may refer to video encoding or
video decoding, as applicable.

18192} While particular combinations of various aspects of the technigues are described
above, these combinations are provided merchy to ithustrate examples of the technigues
described in this disclosure. Accordingly, the techniques of this disclosure should not
be limited to these example combinations and may encompass any conceivable
combination of the various aspects of the techniques described in this disclosure.
16193] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over, as one or more instructions or code,
a computer-readable meedium and executed by a hardware-based processing umnit.
Computer-readable media may include computer-readable storage media, which
corresponds to 8 tangible medium such as data storage media, or commuumication media
including any medivm that facilitates transfer of a computer program from one place to
another, ¢.g., according to a conununication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2} a communication medium such as a signal or
carricr wave. Datfa storage media meay be any available media that can be accessed by
ODE OF MOTS COMPULETS OF ONE OF WOKre Processors to retrieve mstructions, code and/or
data stractares for implementation of the techniques described tn this disclosure. A
computer program product may include a computer-readable mediumn.

16194] By way of cxample, and not imitation, 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, flash memory, or any other mediom that
can be used to store desired program code in the form of tnstructions or data structures
and that can be accessed by a computer. Also, any connection is properly termaed &
computer-readable mediom. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wircless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologics such as infrared, radio, and microwave are included i the definition of
medium. Tt should be understood, however, that computer-readable storage media and
data storage media do not include counections, carricr waves, sigoals, or other fransient

media, but are instead directed 1o non-transient, tangible storage media. Disk and disc,
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as used herein, includes compact disc (CD), laser dise, optical disc, digital versatile disc
{(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

[8195] Instractions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits {ASICS), field progranunable logic arrays (FPGAs), or other
cquivalent integrated or discrete fogic circuitry. Accordingly, the tero “processor,” as
used herein may refer 1o any of the foregoing structure or any other structare suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described beremn may be previded within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codee. Also, the techniques could be fully implemented in one or more cirenits or logic
clements.

16196} The techniques of this disclosure raay be implemented ina wide variety of
devices or apparatuses, including a wireless communication device, a wireless handset,
an integrated circuit (IC) or a set of ICs (e.g., a chip set). Various components, modules,
or units arc described 1 this disclosure to emphasize functional aspects of devices
configured to perform the disclosed techniques, but do not necessarily require
realization by different hardware onits. Rather, as described above, various units may
be combined in a codec hardware unit or provided by a collection of interoperative
hardware units, including one or more processors as described above, in conjunction
with suitable software and/or firmware.

{8197} Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED 1S:

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

receiving a syuntax clement indicating whether a block of video data is to be
decoded using a single color mode as a sub-mode of a palette coding mode;

in the case that the block is to be decoded using the single color mode of the
palette coding mode, generating a paictie for the block including 3 single paleite entry
that indicates a single color value; and

decoding the block using the single color mode of the palette coding mode with
respect to the palette such that all pixels within the decoded block have the single color

vakue indicated in the paletic for the block.

2. The method of claim 1, wherein generating the palette for the block comprises:
receiving the single color value as a non-predicted palette entry: and
using the non-predicted palctic eniry as the single palette cotry in the palette for
the block.
3. The method of claim 1, wherein generating the palette for the block conprises
selecting an entry from a palette predictor that indicates the single color value to be the
single palette entry in the paleite for the block, the palette predictor including one or

more palette entrics from one or more palettes of previously decoded blocks.

4. The method of claim 3, wherein generating the palette for the block comprises:
receiving an index value corresponding to the entry in the palette predictor that
indicates the single color value; and
sclecting the correspounding entry from the palette predictor 1o be the single

palette entry in the paletie for the block.

5. The method of claim 3, wherein generating the palette for the block comprises:
setting a maximum size of the palette predictor to be equal to one such that the
paletie predictor only inclodes a first entry, the first entry being the entry that indicates
the single color value; and
sclecting the first entry from the palette predictor to be the single paletic entry in

the palette for the block.
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6. The method of claim 3, wherein generating the palette for the block comprises:

setting a maximum size of the palette predictor to be equal to M such that the
paletic predictor includes a first M entrics, wherein M is an integer vaiuc greater than
one;

receiving an index value corresponding to one of the first M entries in the palette
predictor, the one of the first M eniries being the entry that indicates the single color
value: and

sclecting the corresponding one of the first M entries from the paletie predictor

1o be the single palette entry in the palette for the block

7. The method of claim 3, wherein generating the palette for the block comprises:

removing at least one entry from the palette predictor based on a difference
between the at least one entry and a value of neighboring pixels of the block being
greater than a threshold, wherein the value of the neighboring pixels comprises onc of a
mean value of the neighboring pixels, a median value of the neighboring pixels, or 2
color value of one of the neighboring pixels;

receiving an index value corresponding to one of one or more remaining entrics
in the paletic predictor, the one of the romaining erdries being the endry that indicates
the single color value; and

selecting the corresponding one of the remaining entries from the palette

predictor to be the single palette entry in the palette for the block.

8. The method of claim 3, further comprising, after generating the palette for the
block mchuiding the single palette entry predicted from the selected entry in the palette
predictor, determining to not move the predicted single palette cntry to a first position in

the paletic predictor for use predicting palette entrics for subsequently deceded blocks.

9. The method of claim 1, further comprising, in the case that the block is not to be
decoded using the single color mode of the paletie coding mode, recetving another
syntax element indicating whether the block is to be decoded using a normal mode of
the palette coding mode, the single color mode and the normal mode being sub-modes

of the palette coding mode.
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10. The method of claim {, wherein receiving the syntax element indicating whether
the block s to be decoded using the single color mode of the palette coding mode
comprises receiving the syntax clement after receiving a skip flag indicating that the
block is not 1o be decoded using a skip mede, and prior to receiving a prediction mode
flag, the prediction mode flag indicating whether the block 18 1o be decoded using an
mter-prediction mode or an intra-prediction mode in the case that the block is not to be

decoded using the palette coding mode.

11, A method of encoding video data, the method comprising:

determining whether all pixels within a block of video data have a single color
vakue such that the block is to be encoded using a single color mode as a sub-mode of a
palette coding mode;

in the case that the block is to be encoded using the singie color mode of the
palette coding mode, generating a paictie for the block including 3 single paleite entry
that indicates the single color value;

encoding the block using the single color mode of the palette coding mode with
respect to the palette; and

signaling & syntax clement indicating that the block is encoded using the single

color mode of the palette coding mode,

12. The method of claim 11, further comprising signaliog the single color value

indicated by the single palette entry in the palette as 2 non-predicted palette entry.

13. The method of claim 11, further comprising selecting an entry in a palette
predictor used to predict the single palette entry in the palette that indicates the single
color value, the palette predictor including one or more palette cotries from one or more

palettes of previously encoded blocks.

14. The method of claim 13, further comprising signaling an index value
corresponding o the selected entry in the paletie predictor used to predict the single

paletic entry in the paletic that indicates the single color value.
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15. The method of claim 13, further comprising setting a maxinwm size of the
paletic predictor to be equal to one such that the palette predictor only includes a first
eniry, the first entry being the selected entry used to predict the single palctte entry in

the paletic that indicates the single color value.

16 The method of claim 13, further comprising:

sctting a maximum size of the palette predictor to be equal to M such that the
paletie predictor includes a first M entries, wherein M is an integer value greater than
one; and

signaling an tndex value corresponding to one of the first M entries in the palette
predictor, the one of the first M entries being the selected entry used to predict the single

alette entrv in the palette that indicates the single color value.
P 3 g

17. The method of claim 13, further comprising:

removing at least one entry from the paletic predictor based on a difference
between the at least one entry and a value of neighboring pixels of the block being
greater than a threshold, wherein the value of the neighboring pixels comprises one of a
mean value of the noighboring pixels, a median value of the neighboring pixels, or a
color value of one of the neighboring pixels; and

signaling an index value corresponding to one of one or more remaining entrics
in the palette predictor, the one of the remaining entrics being the sclected entry used to

predict the single paletic eniry in the paletic that indicates the single color value.

1R. The method of claim 13, further comprising, after encoding the block using the
singic color mode of the paletic coding mode with respect to the paletie for the block
including the single palette entry predicted from the selected entry in the paletic
predictor, determining to not move the predicted single palette entry to a first position in

the palette predictor for use predicting paletic entries for subsequently encoded blocks.
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19. The method of claim 11, further comprising, in the case that all the pixels within
the block do not have the single color value such that the block is not to be encoded
using the single color mode of the paletie coding mode, signaling another syntax
clement mdicating whether the block is encoded using a normal mode of the paletie
coding mode, the single color mode and the normal mode being sub-modes of the

palette coding mode.

20 The method of claim 11, wherein signaling the syrdax element indicating that
the block is encoded using the single color mode of the palette coding mode comprises
signaling the syntax clement after signaling a skip flag indicating that the block is not
encoded using a skip mode, and prior to signaling a prediction mode flag, the prediction
mode flag indicating whether the block is encoded using an inter-prediction mode or an
mtra-prediction mode in the case that the block is not encoded using the palette coding

mode.

2. A video decoding device comprising:
a memory configured to store video data; and
One OF MO Processors in conmunication with the meomory and configured to:
recetve a syntax elemnent indicating whether a block of video data is to be
decoded using a single color mode as a sub-mode of a palette coding mode;
in the case that the block is to be decoded using the single color mode of
the palette coding mode, gencrate a paletie for the block inchiding & single
palette entry that indicates a single color value; and
decode the block using the single color mode of the palette coding mode
with respect to the palette such that all pixels within the decoded block have the

single color value indicated in the palette for the block,

22.  The video decoding device of claim 21, wherein, to gencrate the paletic for the
block, the one or more processors are configured to:

receive the single color value as a non-predicted paletie entry; and

use the non-predicted palette entry as the single palette entry in the palette for

the block.
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23, The video decoding device of claim 21, wherein, to generate the palette for the
block, the one or more processors are configured to select an entry from a paletic
predictor that ndicates the single color value to be the single palettc entry in the palette
for the block, the paletie predictor including one or more paletic entrics from one or

more palettes of previously decoded blocks.

24.  The video deceding device of claim 23, wherein, to gencrate the paletic for the
block, the one or more processors are configured to:

recetve an index value corresponding to the entry in the paletie predictor that
mdicates the single color value; and

sclect the corresponding entry from the paletic predictor te be the single paletie

entry in the paletie for the block.

25.  The video decoding device of claim 23, wherein, to gencrate the paletic for the
block, the one or more processors are configured to:

set 4 maximum size of the palette predictor to be equal 10 one such that the
palette predictor only inclodes a first entry, the first entry being the entry that indicates
the single color value; and

selecting the first entry from the palette predictor to be the single palette entry n

the palette for the block.

26, The video decoding device of claim 23, wherein, to generate the paletie for the
block, the one or more processors are configured to:

set a maximum size of the palette predictor to be equal to M such that the palette
predictor includes a first M entrics, wherein M is an integer value greater than one;

receive an index value corresponding to oune of the first M entries in the paletic
predictor, the one of the first M entries being the entry that indicates the single color
value: and

schect the corresponding one of the first M entries from the palette predictor to

be the single palette entry in the palette for the block
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27.  The video decoding device of claim 23, wherein, to generate the palette for the
block, the one or more processors are configured to:

remove at least one eniry from the paletic predictor based on a difference
between the at least one entry and & value of neighboring pixels of the block being
greater than a threshold, wherein the value of the neighboring pixels comprises one of a
mean value of the neighboring pixels, a median value of the neighboring pixels, or a
color value of one of the neighboring pixels;

receive an fndex value cotresponding to one of one or more remaining enities in
the palette predictor, the one of the remaining entries being the entry that indicates the
single color value; and

sclect the corresponding one of the remaining entries from the palette predictor

to be the single paletie entry In the palette for the block.

28, The video decoding device of claim 23, wherein the one or more processors are
contigured to, after generating the palette for the block including the single palette entry
predicted from the selected entry 1o the palette predictor, determine to not move the
predicted single palette entry to a first position in the palette predictor for use predicting

palette entrics for subsequently decoded blocks.

29.  The video decoding device of claim 21, wherein the video decoding device
comprises at least one of:

an integrated circuit;

2 THCTOPTOCESSOT; oF

a wireless communication device.
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30.

62

A video encoding device comprising:
a memory configured to store video data; and
ONC OF MOTC Processors in conmmumication with the memory and configured to:

determine whether all pixels within a block of video data have a single
color value such that the block 13 to be encoded using a single color mode as a
sub-mode of a palette coding mods;

in the case that the block is to be encoded using the single color mode of
the paletie coding mode, generate a palette tor the block inchiding & single
palette entry that indicates the single color value;

encode the block using the single color mode of the palette coding mode
with respect fo the palette; and

signal a syntax element indicating that the block 15 encoded using the

single color mode of the paleite coding mede,
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DETERMINE WHETHER ALL PIXELS IN BLOCK HAVE 220
SINGLE COLOR VALUE SUCH THAT BLOCKISTOBE |/
ENCODED USING SINGLE COLOR MODE AS SUB-MODE OF
PALETTE CODING MODE

¢ 222

IN THE CASE THAT THE BLOCK IS TO BE ENCODED USING /
SINGLE COLOR MODE, GENERATE PALETTE FOR THE
BLOCK INCLUDING SINGLE PALETTE ENTRY THAT
INDICATES THE SINGLE COLOR VALUE

¢ 224

ENCODE THE BLOCK USING SINGLE COLOR MODE WITH _/
RESPECT TO THE PALETTE

¢ 226

SIGNAL SYNTAX ELEMENT INDICATING THAT THE BLOCK _/
IS ENCODED USING SINGLE COLOR MODE

FIG. 5
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230
RECEIVE SYNTAX ELEMENT INDICATING WHETHER /

BLOCK IS TO BE DECODED USING SINGLE COLOR MODE
AS SUB-MODE OF PALETTE CODING MODE

¢ 232

IN THE CASE THAT THE BLOCK IS TO BE DECODED USING /
SINGLE COLOR MODE, GENERATE PALETTE FOR THE
BLOCK INCLUDING SINGLE PALETTE ENTRY THAT
INDICATES SINGLE COLOR VALUE

'

DECODE THE BLOCK USING SINGLE COLOR MODE WITH | 234
RESPECT TO THE PALETTE SUCH THAT ALL PIXELS _/
WITHIN THE DECODED BLOCK HAVE THE SINGLE COLOR
VALUE INDICATED IN THE PALETTE

FIG. 6
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