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THREE-DIMENSIONAL LOOKUP TABLE BASED COLOR GAMUT SCALABILITY
IN MULTI-LAYER VIDEO CODING

[0001]
TECHNICAL FIELD
[0002] This disclosure relates to video coding.

BACKGROUND
[0003] Digital video capabilities can be incorporated into a wide range of devices, including
digital televisions, digital direct broadcast systems, wireless broadcast systems, personal
digital assistants (PDAs), laptop or desktop computers, tablet computers, e-book readers,
digital cameras, digital recording devices, digital media players, video gaming devices, video
game consoles, cellular or satellite radio telephones, so-called “smart phones,” video
teleconferencing devices, video streaming devices, and the like. Digital video devices
implement video coding techniques, such as those described in the standards defined by
MPEG-2, MPEG-4, ITU-T H.263, ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding
(AVC), the High Efficiency Video Coding (HEVC) standard, and extensions of such
standards. The video devices may transmit, receive, encode, decode, and/or store digital video
information more efficiently by implementing such video coding techniques.
[0004] Video coding techniques include spatial (intra-picture) prediction and/or temporal
(inter-picture) prediction to reduce or remove redundancy inherent in video sequences. For
block-based video coding, a video slice (e.g., a video frame or a portion of a video frame) may
be partitioned into video blocks, which may also be referred to as treeblocks, coding units
(CUs) and/or coding nodes. Video blocks in an intra-coded (I) slice of a picture are encoded
using spatial prediction with respect to reference samples in neighboring blocks in the same
picture. Video blocks in an inter-coded (P or B) slice of a picture may use spatial prediction
with respect to reference samples in neighboring blocks in the same picture or temporal

prediction with respect to reference samples in
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other reference pictures. Pictures may be referred to as frames, and reference pictores
may be referred to as reference frames.

[8885] Spatial or tomporal prediction resulis in a predictive block for a block o be
coded. Residual data represents pixel differences between the original block to be
coded and the predictive block. An inter-coded block 15 encoded according to 2 motion
vector that points to a block of reference samples forming the predictive block, and the
residual data indicating the difference between the coded block and the predictive block.
An mira-coded block 1s encoded according to an infra-coding mode aud the residual
data. For further compression, the residual data may be ansformed from the pixel
domain to 3 transform domain, resulting n residual transform coefficients, which then
may be quantized. The quantized transtormo coefficients, initially arranged in a two-
dimensional array, may be scanned in order to produce a one-dimensional vector of
transform cocfficients, and entropy coding may be applied to achieve even more

COMpPression.

SUMMARY
[8688] In general, this disclosure describes techniques for three-dimensional (3D)
tookup table based color gamut scalability 1n multi-layer video coding. As an example,
the multi-layer video coding may be in accordance the High Efficiency Video Coding
{(HEVC) standard, inclading any of 2 scalable video coding extension, a mukiview
video coding exicnsion, and a 3D video coding (.., multiview video coding plus depth)
extension, or other mukbti-layver video coding standards. The techniques for color gamut
scalability may be used by video encoders and/or video decoders 10 generate inter-layer
reference pictures when a color gamut for a lower layer of video data is difforent than a
color gamut for a higher layer of the video data.
(8867 For example, a video encoder and/or video decoder may first perform color
prediction using & 3D lookup table for color gamut scalability to convert the color data
of a reference picture for the lower layer to the color garut for the higher layer, and
then gencrate inter-layer reference pictures based on the converted color data.
According to the techmiques deseribed in thas disclosure, the video encoder and/or video
decoder generates at least one 3D lookup table having a size that is different for the
hima component than for the first chroma component and the second chroma
component. The video encoder and/or video decoder roay generate this asyounetric 3D

fookup table using a different mumber of segments for the loma dimension of the 3D
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fookup table. In this way, the total size of the table may be reduced while maintaining
good coding performance.

(8888} In onc cxample, this disclosure is direcied to a method of processing multi-layer
video data, the method comprising generating at least one 3D lookup table for color
gamut scalability, wherem the at least one 3D lookup table has a size that 1s different for
2 luma component than for each of a first chroma component and 8 second chroma
component; performing color prediction using the at least one 3D lockup table to
convert color data of a reference picturs in a first color gamut for a lower layer of the
video data 10 a second color gamut for a higher layer of the video data; and generating at
feast one nter-laver reference pictare for the higher fayer of the video data based on the
converted color data.

{6889} In another example, this disclosure is divected to a video processing device for
processing mulii-layer video data, the device comprising a memory configired 1o store
the multi-layer video data, and one or more processors in communication with the
memory. The one or more processors are configured 1o gonerate at least one 3D lookup
table for color gamut scalability, wherein the at least ome 3D lookup table has a size that
is different for 2 loma component than for a first chroma component and a second
chroma component, perform color prediction using the at least one 3D lookup table to
convert color data of a reference picture n a first color gamut for a lower layer of the
video data to a second color gamut for a higher layer of the video data, and generate at
least one imter-fayer reference picture for the higher layer of the video data based on the
converted color data.

18618] In a further example, this disclosure is divected to a video processing device for
processing muldti-layer video data, the device comprising means for generating at feast
one 3D lockup table for color gamut scalability, wherein the at least one 31 lockup
tuble has a size that is differeny for a luma component than for a first chroma component
and a second chroma component; means for performing color prediction using the at
least one 3D lockup table to convert color data of a reference picture in a first color
ganwst for a lower layer of the video data to a sccond color ganwt for a higher layer of
the video data; and means for gevnerating at least one nter-layer reference picture for the
higher laver of the video data based on the converted color data.

{8611} In another example, this disclosure is directed to a computer-readable storage
medium storing nstructions for processing multi-laver video data that, when excouted,

CAUSE ONe O MOTe processors to generate at least one 3D lookup table for color gamut
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scalability, wherein the at least one 3D lookup table has a size that is different for a luma
component than for a first chroma component and a second chroma component; perform color
prediction using the at least one 3D lookup table to convert color data of a reference picture in
a first color gamut for a lower layer of the video data to a second color gamut for a higher
layer of the video data; and generate at least one inter-layer reference picture for the higher
layer of the video data based on the converted color data.

[0011a] According to one aspect of the present invention, there is provided a method of
processing multi-layer video data, the method comprising: generating at least one three-
dimensional (3D) lookup table for color gamut scalability, wherein the at least one 3D lookup
table has a size that is different for a luma component than for each of a first chroma
component and a second chroma component, wherein generating the at least one 3D lookup
table includes partitioning the luma component to have a different number of segments than
each of the first chroma component and the second chroma component, and wherein the
number of segments for the luma component is indicated by one or more syntax elements
included in a bitstream; performing color prediction using the at least one 3D lookup table to
convert color data of a reference picture in a first color gamut for a lower layer of the video
data to a second color gamut for a higher layer of the video data, wherein the first color gamut
and the second color gamut are within the same color space for the video data; and generating
at least one inter-layer reference picture for the higher layer of the video data based on the
converted color data.

[0011b] According to another aspect of the present invention, there is provided a video
processing device for processing multi-layer video data, the device comprising: a memory
configured to store the multi-layer video data; and one or more processors in communication
with the memory and configured to: generate at least one three-dimensional (3D) lookup table
for color gamut scalability, wherein the at least one 3D lookup table has a size that is different
for a luma component than for a first chroma component and a second chroma component,
wherein the one or more processors are configured to partition the luma component to have a

different number of segments than each of the first chroma component and the second chroma
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component, and wherein the number of segments for the luma component is indicated by one
or more syntax elements included in a bitstream, perform color prediction using the at least
one 3D lookup table to convert color data of a reference picture in a first color gamut for a
lower layer of the video data to a second color gamut for a higher layer of the video data,
wherein the first color gamut and the second color gamut are within the same color space for
the video data, and generate at least one inter-layer reference picture for the higher layer of the
video data based on the converted color data.

[0011¢] According to still another aspect of the present invention, there is provided a video
processing device for processing multi-layer video data, the device comprising: means for
generating at least one three-dimensional (3D) lookup table for color gamut scalability,
wherein the at least one 3D lookup table has a size that is different for a luma component than
for a first chroma component and a second chroma component, wherein the means for
generating the at least one 3D lookup table includes means for partitioning the luma
component to have a different number of segments than each of the first chroma component
and the second chroma component, and wherein the number of segments for the luma
component is indicated by one or more syntax elements included in a bitstream; means for
performing color prediction using the at least one 3D lookup table to convert color data of a
reference picture in a first color gamut for a lower layer of the video data to a second color
gamut for a higher layer of the video data, wherein the first color gamut and the second color
gamut are within the same color space for the video data; and means for generating at least
one inter-layer reference picture for the higher layer of the video data based on the converted
color data.

[0011d] According to yet another aspect of the present invention, there is provided a non-
transitory computer-readable storage medium storing instructions for processing multi-layer
video data that, when executed, cause one or more processors to: generate at least one three-
dimensional (3D) lookup table for color gamut scalability, wherein the at least one 3D lookup
table has a size that is different for a luma component than for a first chroma component and a

second chroma component, wherein the instructions cause the one or more processors to
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partition the luma component to have a different number of segments than each of the first
chroma component and the second chroma component, and wherein the number of segments
for the luma component is indicated by one or more syntax elements included in a bitstream;
perform color prediction using the at least one 3D lookup table to convert color data of a
reference picture in a first color gamut for a lower layer of the video data to a second color
gamut for a higher layer of the video data, wherein the first color gamut and the second color
gamut are within the same color space for the video data; and generate at least one inter-layer
reference picture for the higher layer of the video data based on the converted color data.
[0012] The details of one or more examples are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0013] FIG. 1 is a block diagram illustrating an example video encoding and decoding system
that may utilize techniques for 3D lookup table based color gamut scalability.
[0014] FIG. 2 is a conceptual illustration showing an example of scalability in three different
dimensions.
[0015] FIG. 3 is a conceptual illustration showing an example structure of a scalable video
coding bitstream.
[0016] FIG. 4 is a conceptual illustration showing example scalable video coding access units
in bitstream order.
[0017] FIG. 5 is a block diagram illustrating an example scalable video coding extension to
HEVC (SHVC) encoder.
[0018] FIG. 6 is a graph illustrating an example color gamut of a sample video sequence.
[0019] FIG. 7 is a block diagram illustrating conversion from high definition (HD) color
gamut BT.709 to ultra-high definition (UHD) color gamut BT.2020.

Date Regue/Date Received 2021-03-03
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[0020] FIG. 8 is a block diagram illustrating a color gamut scalable coder including a color
prediction processing unit that may generate an inter-layer reference picture when a base layer
color gamut and an enhancement layer color gamut are different.

[0021] FIG. 9 is a conceptual illustration showing an example 3D lookup table for color
gamut scalability.

[0022] FIG. 10 is a conceptual illustration showing tri-linear interpolation with the 3D lookup

table for color gamut scalability.
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18623} FIG. 171 1s a block diagram illustrating an example of 2 video encoder that may
mplement techniques for using 3D lookup table based color gamut scalability 10 muli-
layer vides coding.

(8024} FIG. 12 is a block diagram illustrating an example of a video decoder that may
implement techniques for using 3D lookup table based color gamut scalabihty i mult-
fayer video coding.

16625} FIG. 13 is a flowchart illustrating an example operation of generating inter-fayer

reference pictares using 3D lookup table based color ganwit scalability,

BETAILED DESCRIPTION
[8026] This disclosure describes techniques for three-dimenstional (3D} lookup table
based color gamut scalability in multi-layer video coding. The multi-layer video coding
may be in accordance the High Efficiency Video Coding (HEVC) standard, including
any of a scalable video coding extension, a multiview video coding exiension, 3 3D
video coding (i.c., multiview video coding plus depth) extension, or other multi-layer
video coding extensions to HEVC. The technigues may be used by video encoders
and/or video decoders to gencrate inter-layer reference pictores when a color gamut for
a lower fayer of video data is different than a color gamut for a higher layer of the video
data.
{88271 A color gamut comprises a complete range of colors that can be reproduced for
an image, ¢.g., in a picture, slice, block or layer of video data. Conventionally, in multi-
faver video coding, a lower laver of video data (o.g., & base layer) and a higher layer of
the video data (e.g., an enhancement laver) inclode color data in the same color gammut,
¢.g., high defimtion {HE) color gamut BT.709. In this case, a video encoder and/or
video decoder may generaie inter-layer reference pictures for the higher layer of the
video data as up-sanmpled versions of co-located reference pictures for the lower layer of
the video data.
[8428] In some examples, however, a lower layer of video data may include color data
in a first color gamut, c.g., BT.709, and 2 higher layer of the video data may include
color data in a different, second color gamut, e.g., ultra-hugh definition (UHD) color
gamut BT.2020. In this example, in order to generate imter-layer reference pictures for
the higher layer of the video data, a video encoder and/or video decoder must fiest

perform color prediction to convert the color data of a reference picture in the first color
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gamut for the lower layer of the video data to the seeond color gamut for the higher
layer of the video data.

(8829} The video encoder and/or video decoder may perform color prediction using 3
3D Jookup table for color gamut scalability, In some examples, a separate 30 lookup
table may be generated for cach of the color components, 1e., a luma (Y) component, a
first chroma (U) component and a second chroma (V) component. Each of the 3D
fockup tables includes a huma (V) dimension, a first chroma (U) dimension and a
second chroma (V) dimension, and is jndexed using the three mdependent color
components (Y, U, V).

(8838 Conventionally, the 3D lockup tables are always symmetric such that the 30
tookup tables have a same size for the luma component, the first chroma component and
the second chroma component. In addition, conventionally, the 3D lookup tables are
always balanced such that a size of each dimension of the 31 lockup tables is abways
the same. This results in large table sizes with high computational complexity and high
signaling costs. For cxample, table sizes may he up to 9x%9x9 or 17x17x17.

(86311 According to the techmiques deseribed in this diselosure, the video encoder
and/or video decoder generates at least one 3D fookup table having a size that is
diffcrent for the lama component than for cach of the first chroma component and the
second chroma component. The video encoder and/or video decoder may generate this
asyrumetric 30 lookup table vsing a different momber of segments for the hima
dimension of the 3D lookup fable. For example, the video cncoder and/or video
decoder may generate the 30 lookup table to have a larger size, 1.¢., more segments, for
the luma component than for each of the fivst and second chroma components. In one
example, the 3D lockup table may have a size up to 8x2x2. In this way, the total size of
the table may be reduced while maintaining good coding performance with higher
resolution for the luma component than for the first and second chroma componends.
[8432] In some examples, cach of the 3D lookup tables may have the same size
MxNxK, in which the size (M} of the fuma dimension of the 3D lockup table is
different than cach of the size (N) of the first chroma dumension of the 3D lockup table
and the size {K) of the second chroma dimension of the 3D lookup table. For example,
the size of the huma dimension may be larger than the sizes of the chroma dimensions,
M >N and M > K, and the sizes of the chroma dimensions of the 3D lookep table may
be the same, N=K. In one example, cach of the 3D lockup tables may have the same

size of Rx2x2.
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18633} In other examples, a luma component 3D lookup table (LUTy) may have a first
size, ¢.g., MxMxM or MxNxK, that is different than a second size of a first chroma
component 30 lookup table (LUTY), e.g., NxNxN, and a third size of a second chroma
component 3D fookup table (LU, e, KxKxK. For example, the size of the uma
component 3D lookup table may be larger than the sizes of the chroma component 30
fookup tables. The first and second chroma component 3D lookup tables may be the
same size or different sizes. In one example, LUTy may have the size 8x2x2, and cach

2X2.

of LUTy and LUTv may have the size
18834} In a further example, the precision of the luma component 3D lookup table may
aiso be different than the precision of each of the first chroma component 3D lookop
table and the second chroma component 3D lookup table. For example, the precision of
the luma component 3D lookup table may be higher than the precision of the chroma
component 3D lookup tables. In some cases, to further reduce complexity, the video
encoder and/or video decoder may only generate a fuma component 3D fookup table,
perform [uma component prediction using the hraa component 3D lookup table, and
perform first and second chroma component prediction using one-dimensional (1D}
Encar mapping or piecewise lincar mapping.

[8035] As another example, according to the techniques of this disclosure, the video
encoder and/or video decoder may gonerate an umbalanced 3D lookup table using more
segments for the dimension of the 3D lookup table associated with the color component
used as 3 table index for the 3D lockup table. For example, the luma component 3D
fookup table may have a larger fuma dimension than cach of a first chroma dimension
and a second chroma dimension based on the Joma component being used as a table
index for the luma componont 3D lookup table. In this example, the LUTy may have
the size MxNxN, where M > N. The sizes of the first and second chroma component
3D lookup tables may be similarly deteroined. For exanple, the LUTy may bave the
s1ize NxMxN based on the first chroma component being used at the table index, and the
LUT, may have the size NxNxM based on the second chroma component being used at
the table index. In this way, the total size of each of the tables may be reduced while
maintaiming good coding performance with higher resciution for the color coraponent
used as the table index.

[8836] Video coding standards inchlude ITU-T H.261, ISG/AEC MPEG-1 Visual, ITU-T
H.262 or ISOAEC MPEG-2 Visual, TTU-T H.263, ISO/AEC MPEG-4 Visual and ITU-T
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H.264 (also known as ISOAEC MPEG-4 AV(C), mcluding its Scalable Video Coding
{(SVC) and Malti-view Video Coding (MVC) extensions.

(8837} The design of a new video coding standard, namely HEVC, has been finalized
by the Joint Collaboration Team on Video Coding (JCT-VC) of ITU-T Video Coding
Experts Group (VCEG) and ISO/IEC Motion Picture Experts Group (MPEG). An
HEVC draft specification referred t¢ as HEVC Working Draft 10 (WD}, Bross et al,,
“High cfficiency video coding (HEVC) text specification draft 10 (for FDIS & Last
Calh.” Jomt Collaborative Team on Video Coding (JCT-VC of ITU-T SG16 WP3 and
ISOAEC JTCI/SC29/WG1, 12th Meeting: Geneva, CH, 14-23 January 2013, JCTVC-
Li003v34, is available from hitp:/phenix.int-

evrv.fi/ict/doc end user/documents/12 Geneva/wgl VICTVC-L1003-v34.zip. The

finalized HEVC standard is referred to as HEVC version 1.

[8638] A defect report, Wang et al., “High cfficicncy video coding (HEVC) Defect
Report,” Joint Collaborative Team on Video Coding JCT-V) of ITU-T SG16 WP3
and [SOAEC ITCI/SC29/WG11, 14th Meeting: Vienna, AT, 25 July-2 August 2613,
JOTVC-NI003vE, 15 available from http://phenix. int-

evry.fi/jct/doc_end user/documents/14 Vienna/wgl /ICTVC-N1003-v1.zip. The

finalized standard document is published as [TU-T H.265, Series H: Audiovisual and
Multimedia Systems, Infrastructure of audiovisual services — Codmg of moving video,
High efficiency video coding, Telecommmmication Standardization Sector of
International Telecommunication Union (ITU), April 2013,

18639] The multi-view extension to HEVC (MV-HEVC) and another HEVC extension
for more advanced 3D video coding (3D-HEVC) are being developed by the JCT-3V.
A draft specification of MVY-HEV(, referred to as MV-HEVC Working Drvaft 5 (WDS),
Tech ot ek, “MV-HEVC Draft Text §,7 Joint Collaborative Teant on 3D Video Coding
Extension Development (JCT-3V) of ITU-T SG16 WP3 and ISQ/IEC
FTCYSC29/WGEHL, Sth Meeting: Vienna, AT, 27 July—2 Auguost 2013, JCT3V-
E1004v6, is available from http:/phenix.int-

evry. fi/ict/doc end user/documents/5 Viemnna/wel VICTIV-E1004-v6.zip. A draft

specification of 3D-HEVC, referred to as 3D-HEVC Workimg Draft 1 (WD1) and
described in Tech et al, “3D-HEVC Draft Text 1,7 Joint Collaborative Team on 3D
Video Coding Extension Development (JCT-3V) of ITU-T 5G 16 WP 3 and ISO/IEC
JTC USC29/WG 11, Sth Mecting: Vieana, AT, 27 July—2 August 2013, JCT3V-
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E1001v3, is available from http://phenix.it-

sudparis.eu/jet2/doc_end user/documents/5 Vienna/wgl VICTIV-E1001 3 7ip.

[8644] The scalable extension to HEVC (SHVC) is being developed by the JCT-VC. A
draft specification of SHVC, referred to as SHVC Working Drafe 3 (WD3), Chen et al,,
“SHVC Dyatt 3,7 Jomt Collaborative Team on Video Coding (JCT-VC) of [TU-T SG 16
WP3 and ISOAEC JTCU/SC29/ WG H, 14th Meeting: Vienma, AT, 23 July-2 August
2013, JCTVC-N1008v3, is available from http:/phenix iné-

evry.fr/jet/doc_end user/documenis/14 Vienna/wgl VICTVC-N1008-v3 zip,

16841} FIG. 1 15 a block diagram illustrating an example video encoding and decoding
systems 10 that may wtilize techuiques for 3D lookup table based color gamuot scalability.
Asg shown tn FIG, 1, system 10 includes a source device 12 that provides encoded video
data to be decoded at a later time by a destination device 14, In particulay, source
device 12 provides the video data to destination device 14 via a commputer-readable
mediam 16, Source device 12 and destination device 14 may comprise any of a wide
range of devices, including desktop computers, notchook (Le., laptop) computers, tablet
computers, set-top boxes, telephone handscts such as so-called “smart” phones, so-
called “smart” pads, televisions, cameras, display devices, digital media players, video
gaming consoles, video streaming device, or the like. In some cases, source device 12
and destination device 14 may be equipped for wireless communication.

[#842] Destination device 14 may receive the encoded video data to be decoded via
compuier-readable medium 16, Computer-readable medium 16 may comprise any type
of medivm or device capable of moving the encoded video data from source device 12
to destination device 14, In one example, computer-readable medivm 16 may comprise
a communication medium to enable source device 12 to transmit encoded video data
directly to destination deovice 14 in real-time. The encoded video data may be
modulated according to & conunumication standard, such zs a wircless cormmumnication
protocol, and fransmitted to destination device 14, The commumication medium may
comprise any wireless or wired communication medium, such as a radio frequency (RF)
spectrum of one or more physical transnission lines. The communication medium may
form part of a packet-based network, such as a local area network, a wide-ares network,
or a global network such as the Internet. The commuonication medivm may include
routers, switches, base stations, or any other equipment that may be uscfl to facilitaic

communication from source device 12 1o destination device 14,
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186843} In some examples, encoded data may be output from output interface 22 1o a
storage device., Sumilarly, encoded data may be accessed from the storage device by
input fnterface. The storage device may toclade any of a variety of distributed or locally
accessed data storage media such as a hard drive, Blu-ray discs, DVDs, CD-ROMs,
flash memory, volatile or non-volatile memory, or any other suitable digital storage
media for storing encoded video data. In a further example, the storage device may
correspond to a file server or another intermediate storage device that may store the
encoded video generated by source device 12, Destination device 14 may access stored
video data from the storage device via streaming or download. The file server may be
any type of server capable of storing encoded video data and transmitting that encoded
video data to the destination device 14, Example file servers include a web server {e.g.,
for a website}, an FTP server, network attached storage (NAS) devices, or a local disk
drive. Destination device 14 may aceess the encoded video data through any standard
data connection, incloding an Internct counection. This may include a wireless channel
(2., 2 Wi-Fi comection), & wired comaection {c.g., DSL, cable modem, ete.), ora
combination of both that 1s suitable for accessing encoded video data stored on a file
server, The transmission of encoded video data from the storage device may be a
streaming transmission, a download transmission, or a combination thercof,

(8844 The techniques of this disclosure are not necessarily limited to wireless
applications or settings. The techniques may be applied to video coding in sapport of
any of a varicty of multimedia applications, such as over-the-air telovision broadceasts,
cable television transmissions, satellite television transmissions, Internct streaming
video transmissions, such as dynamic adaptive streaming over HTTP (DASH), digital
video that is encoded onto a data storage medimmn, decoding of digital video stored on a
data storage medium, or other applications. In some examples, systorn 10 may be
configured to support one-way or two-way video transmission to support applications
such as video streaming, video playback, video broadcasting, and/or video telephony.
18445} In the cxample of FIG. 1, source device 12 includes video source 18, video
encoder 20, and output interface 22, Destination device 14 includes input inderface 28,
video decoder 30, and display device 32, In accordance with this disclosure, video
encoder 20 of source device 12 may be configured to apply the techniques for
processing video data in parallch In other examples, a source device and a destination
device may inchade other components or arrangersents. For example, source device 12

may receive video data from an external video source 18, such as an external camera,
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Likewise, destination device 14 may interface with an external display device, rather
than including an integrated display device.
[8646] The illustrated system 10 of FIG 1 is merely one example. Techniques for
processing video data in parallel may be performed by any digital video encoding and/or
decoding device. Although generally the techniques of this disclosure are performed by
a video encoding device, the techmques may also be performed by a video
cncoder/decoder, typically reforred to as a “CODEC.” Maorcover, the technigues of this
disclosure may also be performed by a video preprocessor. Source device 12 and
destination device 14 are merely examples of such coding devices in which source
device 12 generates coded video data for transmission to destination device 14, In some
examples, devices 12, 14 may operate in a substandially symmetrical manoer such that
each of devices 12, 14 include video encoding and decoding components. Henee,
system 10 may support one-way or two-way video transmission between vidoo devices
12, 14, ¢.g., for video streaming, video playback, video broadcasting, or video
teiephony.
(8647 Video source 18 of source device 12 may inchide a video capture device, such as
a video camera, a video archive containing previcusly captured video, and/or a video
ced interface to receive video from a video content provider. As a further alternative,
video sowree 18 may generate computer graphics-based data as the source video, or a2
combination of live video, archived video, and computer-generated video, In some
cascs, if video source 18 is a video camera, source device 12 and destination device 14
may form se-called camera phones or video phones. As mentioned above, however, the
techniques desceribed in this diselosure may be applicable to video coding in general,
and may be applied to wircless and/or wired applications. In cach case, the captured,
pre-capiured, or computer-genarated video may be encoded by video encoder 20. The
enceded video information may then be output by ouiput tderface 22 onto a computer-
readable mednim 16,
{8448} Computer-readabic medium 16 may include transicent media, such as a wireless
broadeast or wired network transnussion, or storage media (that is, non-transitory
storage media), such as a hard disk, flash drive, compact dise, digital video disc, Blu-ray
disc, or other computer-readable media. In some examples, a network server (not
shown) may receive encoded video data from source device 12 and provide the encoded
video data to destination device 14, ¢.g., via network transmission. Similarly, a

computing device of a medium production facility, such as a dise stamping facility, may
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recetve encoded video data from source device 12 and produce a dise containing the
encoded vidoo data. Therefore, computer-readable medium 16 may be understood to
tnchide one or more computer-readable media of various forms, in various examples.
(8049} Input interface 28 of destination device 14 reccives information from computer-
readable medum 16, The information of computer-readable medivm 16 may inchade
syntax information defined by video encoder 20, which is also used by video decoder
30, that includes syntax clements that describe characteristics and/or processing of
blocks and other coded uniis, e.g., groups of pictures (GOPs). Display deviee 32
displays the decoded video data to a user, and may comprise any of a variety of display
devices such as a cathode ray tube {CRT), a liguid crystal display (LCD), a plasma
display, an orgavic light emitting diode (OLED) display, or another type of display
device.

[8658] Video encoder 20 and video decoder 30 cach may be implemented as any of a
variety of suitable encoder circuitry, such as one or more microprocessors, digital signal
processors (D8Ps), application specific integrated circuits (ASIC), field progranuoable
gate arrays (FPGAs), diserete logic, software, hardware, firmware or any combinations
thereof. When the techniques are implemented partially in software, 2 device may store
instructions for the software in a suitable, noo-transitory computer-readable medium and
exccute the imstructions in hardware using one or more processors to perform the
techniques of this disclosure. Each of video encoder 20 and video decoder 30 may be
included in one or more encoders or decoders, either of which niay be integrated as part
of a combined encedet/decoder (CODEC) in a respective device,

18631] In some examples, video encoder 20 and video decoder 30 operate according 1o
a video compression standard, such as ISG/IEC MPEG-4 Vispal and ITU-T H.264 (also
known as ISO/IEC MPEG-4 AVC), including its Scalable Video Coding (SVC)
extension, Multi-view Video Coding (MY C) extension, and MV C-based three-
dimensional video (3DV) extension. [u some instances, any bitstream conforming to
MVC-based 3DV always contains a sub-bitstrean: that is compliant o a MV profile,
¢.g., stereo high profile. Furthermore, there is an ongoing offort to generatc a 3DV
coding extension to H.264/AVC, namely AVC-based 3DV, In other examples, video
encoder 20 and video decoder 30 may operate according to ITU-T H.261, ISO/IEC
MPEG-1 Visual, ITU-T H.262 or ISO/IEC MPEG-2 Visual, ITU-T H.263, ISGAEC
MPEG-4 Visual, and ITU-T H.264, ISOAEC Visual
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18652} In the example of FIG. 1, video encoder 20 and video decoder 30 may operate
according to the High Efficiency Video Coding (HEVC) standard finalized by the Joint
Collaboration Team on Video Coding (JCT-VC) of ITU-T Video Coding Experts Group
{(VCEG) and ISO/IEC Motion Picture Experts Group (MPEQG). The HEVC draft

specification, referenced above, is referred to as HEVC Working Draft 10 (WD10), and
the finalized version of the HEVC standard is referred to as HEVC version 1. The MV-
HEVC and 3D-HEVC are being developed by the JCT-3V. A recent draft specification
of MV-HEVC 1s referred to as MV-HEVC WD3, and a recent draft specification of 3D-
HEVC is referred to as 3D-HEVC WD1. The SHVC is being developed by the JCT-
V. A recent draft specification of SHVC is referred to as SHVC WD3.

[80583] 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
include three sample arrays, denoted 5p, Scp, and Sei. Sp 18 a two-dimensional array
(i.2., a block} of luma samples. Scy is a two-dimensional array of Cb chrominance
samaples. B¢ is 2 two-dimensional array of Cr chrominance samples. Chrominance
samples may also be referred to herem as “chroma” samples. In other instances, a
picture may be moncchrome and may only inclode an array of hima samples.

18054} Video cncoder 20 may generate a sct of coding tree units (CTs). Each of the
CTUs may comprise 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. In a monochrome picture or a picture that has three separate color
planes, a CTU may comprise a single coding tree block and syntax structures used fo
code the samples of the coding tree block. A coding tree block may be an NxN block of
samples. A CTU may also bo referred t0 as a “iree block™ or a “largest coding anit”
{LCU). The CTUs of HEVC may be broadly analogous to the macroblocks of other
video coding standards, sach as H.264/AVC, However, a CTU is not neccssarily
timited to a particular size and may include one or more coding units (CUs). A slice
may include an integer number of CTUs ordered consecutively in the raster scan.
[84558] This disclosure may use the term “video unit” or “video block™ to vefer to one or
more blocks of samples and syntax structures used to code samples of the one or more
blocks of samples. Example types of video units may inclade CTUs, CUs, PUs,
transforay units (TUs) in HEVC, or macroblocks, macroblock partitions, and so on in

other video coding standards.
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18636] 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
samples. A CU may comprise a coding block of luma samples and two corresponding
coding blocks of chroma samples of a pictare that has a homa sample array, a Cb sample
array and a Cr sample array, and syntax structures used to code the samples of the
coding blocks. Ina monochrome picture or a picture that has three separate color
plangs, a CU may comprise a single coding block and syntax structures used to code the
saraples of the coding block.

(8857} Video encoder 20 may partition a coding block of a CU mto one or more
prediction blocks. A prediction block may be a rectangular (i.2., square or non-square)
block of samples on which the same prediction is apphed. A prediction unit (PU) of 4
CU may comprise a prediction block of luma samples, two corresponding prediction
blocks of chroma samples of g picture, and syntax structures used 0 predict the
prediction block samples. To a monochrome picture or a picture that have three separate
color planes, a PU may comprise a single prediction block and syntax structures used to
predict the prediction block sampies. Video encoder 20 may generate predictive huma,
Ch and Cr blocks for fuma, Ch and Cr prediction blocks of cach PU of the CUL

[8858] Video encoder 20 may use ntra prediction or mter prediction to generate the
predictive blocks for a PUL If video encoder 20 uses intra prediction to generate the
predictive blocks of a PU, video encoder 20 may gencrate the predictive blocks of the
PU based on decoded sampies of the picture associated with the PU.

18633 I video encoder 20 uses inter 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 picture associated with the PU. Inter
prediction may be uni-dircetional inter prediction (L., unt-prediction) or bi-directional
inter prediction (1.¢., bi-prediction). To perform uni-prediction or bi-prediction, video
encoder 20 may generate a first reference picture list (RefPicList(h}) and a second
reference picture fist (RefPiclistl) for a current slice.

[8868] Each of the reference picture lists may mnclude one or more reference pictures.
When asing uni-prediction, video encoder 20 may search the reference pictures in either
or both RefPicList0 and RefPiclist] to determine a reforence location withina
reference picture. Furthermore, when using vui-prediction, video encoder 20 may

generate, based at least In part on samples corresponding to the reference location, the
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predictive sample blocks for the PU. Moreover, when using uni-prediction, video
encoder 20 may generate a single motion vector that indicates a spatial displacement
between & prediction block of the PU and the reference location. To indicate the spatial
displacement between a prediction block of the PU and the reference location, a motion
vector may inclode a horizontal component specifving a horizontal displacement
between the prediction block of the PU and the reference location and may include a
vertical component specifying a vertical displacoment between the prediction block of
the PLU and the reference focation.

18861} When using bi-prediction to encode a PU, video encoder 20 may determine a
first reforence location in a reference picture in RefPicListd and a second reference
focation in a reference picture in RefPiclistl, Video encoder 20 may then generate,
based at least in part on samples corresponding to the first and second reference
focations, the predictive blocks for the PU. Morcover, when using bi-prediction to
encode the PU, video encoder 20 may generaie a first motion indicating a spatial
displacement between a sample block of the PU and the first reference location and
second motion indicating a spatial displacement between the prediction block of the PU
and the second reference location.

[8862] After video encoder 20 generates predictive luma, Ch, and Cr blocks for one or
more PUs of a CU, video encoder 20 may generate a loma residual block for the CU.
Each sample in the CU"s luma residual block indicates a difference between a hima
sample in one of the CU’s predictive luma blocks and a corresponding sample in the
CU’s original luma coding block. 1o addition, video encoder 20 may generaie a Ch
residual block for the CUL Each sample in the CU’s Cb residual block may indicate 8
difference between a Chb sample in one of the CUs predictive Ch blocks and a
corresponding sample in the CU's original Chb coding block. Video encoder 20 may
also generate a Cr residual block for the CUL Each sample in the CUTs Cr rosidual block
may ndicate a difference between a Cr sample n one of the CUs predictive Cr blocks
and a corresponding sample in the CU%s original Cr coding block.

18863} Furthermore, video encoder 20 may use quad-trec partitioning to decompose the
huma, Ch and, Cr residual blocks of a CU mto one or more luma, Chb, and Cr transform
blocks. A transform block may be a rectangular block of samples on which the same
transforan is applicd. A transform unit (TU) of 3 CU may comprise a transform block of
tuma sanples, two corresponding transform blocks of chroma samples, and syntax

structures used to ransform the transtorm block samples. In a monochrome pictare or a
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picture that has three separate color planes, & TU may comprise a single transform block
and syntax structures used to transform the transform block samples. Thus, cach TU of
a CU may be associated with a huma transform block, a Ch transform block, and a Cr
transform block. The linna transform block associated with the TU may be a sub-hblock
ot the CU’s fuma 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 CUs Cr
residual block.
18864] Video encoder 20 may apply one or more transforms to g luma transtorm block
of a TU to generate a luma coefficient block for the TU. A coefficient block may be a
two-dimensional array of transform coefficionts. A transform coefficient may be a
scalar quantity. Video encoder 20 may apply one or more transtorms fo a Cb fransform
block of a TU to generate a Chb cocfficient block for the TU. Video encoder 20 may
apply one or more transforms to a Cr transform block of 2 TU to generate a Cr
cocfficient block for the TU.
18865] After generating a cocfficient block (e.g., a luma coefficient block, a Ch
coefficient block or a Cr coetficient block), video encoder 20 may quantize the
coefficient block. Quantization generally refers to a process tn which transform
cocfficicnts arc quantized to possibly reduce the amount of data used to represent the
transform coefficients, providing further compression. Furthermore, video encoder 20
may inverse quantize transform coefficients and apply an inverse transform to the
transform cocfficients in order to reconstruct transform blocks of TUs of CUs of a
picture. Video encoder 20 roay use the reconstructed transform blocks of TUs of a CU
and the predictive blocks of PUs of the CU to reconstract coding blocks of the CUL By
reconstructing the coding blocks of cach CU of a picture, video encoder 20 may
cconstruct the picture, Video encoder 20 may store reconstructed pictures in a decoded
pieture buffer (DPB). Video encoder 20 1oay use reconstructed pictures in the DPB for
inter prediction and ntra prediction.
{8466} After video cucoder 20 quantizes a coefficient block, video encoder 20 may
enfropy encode syntax clements that indicate the quantized transform cocfficienis. For
example, video encoder 20 may perform Context-Adaptive Binary Arithmetic Coding
{CABAC) on the syntax clements indicating the quantized transform coefficients.
Video encoder 2{} may output the entropy-cncoded syntax clemenis in a bitstream.
[8667] Video encoder 20 may output a biistream that includes a sequence of biis that

forms a representation of coded pictures and associated data. The bitstream may
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comprise a sequence of network abstraction layer (NAL) units. Each of the NAL units
inchides a NAL unit header and encapsulates a raw byt sequence payload (RBSP). The
MNAL unit header may inclode a syntax clement that indicates 2 NAL unit type code.
The NAL unit type code specified by the NAL unit header of a NAL unit indicates the
type of the NAL unit. A RBSP may be a syntex structure containing an integer number
of bytes that is encapsolated within 3 NAL unit. In some instances, an RBSP inclodes
7oro bits,

184968] Didferent types of NAL units may oncapsulate different types of REBSPs, For
example, a first type of NAL unit may encapsulate a RBSP for a picture parameter set
{PPS), a second type of NAL enit may encapsulate a RBSP for 8 coded slice, a third
type of NAL unit may cucapsulate a RBSP for Supplemental Enbancement Information
{SED, and so on. A PPS is a syntax structure that may contain syntax clements that
apply to zero or more entire coded picturcs. NAL units that cncapsulate RBSPs for
video coding data (as opposed to RBSPs for parameter sets and SEI messages) may be
referred to as video coding layer (VCL) NAL units. A NAL unit that cncapsulates a
coded shice may be referred to herein as a coded shee NAL unit. A RBSP for a coded
slice may inchide 2 slice header and shice data.

[8869] Video decoder 30 may receive a bitstream. In addition, video decoder 30 may
parse the bitstream to decode syntax elements from the bistream. Video decoder 30
may reconstruct the pictures of the video data based at least in part on the syntax
clements decoded from the bitstream. The process to reconstruct the video data may be
generally reciprecal to the process perforred by video encoder 20, For instance, video
decoder 30 may use motion vectors of PUS to determine predictive blocks for the PUs
of a current CU. Video decoder 30 may use a motion vector or motion vectors of PUs
to generate predictive blocks for the PUs.

(8878} In addition, video decoder 30 may inverse quantize cocfficient blocks associated
with TUs of the current CUL Video decoder 30 may perform mverse transforms on the
cocfficient blocks to reconstruct transform blocks associated with the TUs of the current
CU. 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 corrent CU to corresponding
samples of the transform blocks of the TUs of the current CUL By reconstructing the
coding blocks for each CU of a picture, video decoder 30 may reconstruct the picture,
Video decoder 30 may store decoded pictures in a decoded picture buffer for output

and/or for use in decoding other pictures,
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18671 In MV-HEVC, 3D-HEVC, and SHVC, a video encoder may generate a multi-
layer bitstream that comprises a series of network abstraction layer (NAL) units.
Different NAL units of the bitstrearn may be associated with different layers of the
bitstreant. A layer may be defined as a set of video coding layer (VCL) NAL units and
associated non-VCL NAL units that have the same layer identificr. A laver may be
equivalent to a view in mubti-view video coding. In multi-view video coding, a layer
can contain all view components of the same layer with different time instances. Each
view component may be a coded picture of the video scene belonging to a specific view
at a specific thme instance. In 3D video coding, a layer may contain etther all coded
depth pictures of a specific view or coded texture pictwres of a specific view. Similarly,
in the context of scalable video coding, a layer typically corresponds 1o coded pictures
having video characteristics ditferent from coded pictores in other layers. Such video
characteristics typically inchude spatial resolution and quality level (Signal-to-Noise
Ratio}. In HEVC and its exiensions, temporal scalability may be achicved within one
layer by defining a group of pictures with a particular temporal level as a sub-layer.
16472} For cach respective laver of the bitstream, data m a lower layer may be decoded
withoot reference to data in any higher layver. In scalable video coding, for example,
data in a basc layer may be decoded without reforence to data in an enhancement layer.
NAL umnits only encapsulate data of a single layer. In SHVC, a view may be referred to
as a “base layer” if a video decoder can decode pictures in the view without reference to
data of any other fayer. The base layer may conform to the HEVC base specification.
Thus, NAL units encapsulating data of the bighest reraaining laver of the bitstream may
be removed from the bitstream without atfecting the decodability of data in the
remaining layers of the bitstream. In MV-HEVC and 3D-HEVC, higher lavers may
include additional view components. In SHYVC, higher layers may include signal io
noise ratic (SNR) enhancement data, spatial cnhsmcement data, and/or teroporal
enhancement data,

{6673} In some examples, data in a higher layer may be decoded with reference to data
in onc of more lower layers. The lower layers may be used as reference pictures o
compress the gher layer using imter-layer prediction. The data of the lower layers may
be up-sampled to have the same resolution as the higher layers. In general, video
encoder 20 and video decoder 30 may perform inter-layer prediction in a similar manner
as inter prediction described above, except one or more up-sampled lower favers may be

used as reference pictures as opposed to one or more neighboring pictures.
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18874} FIG. 2 15 a conceptual illastration showing an example of scalability in three
different dimensions. In a scaleble video coding stracture, scalabilitics are epabied in
three dimensions. In the example of FIG. 2, the scalabilitics are enabled in a spatial (5}
dimension 100, a temporal (1) dimension 102, and a signal-te-noise ratio (SNR) or
quality {Q) dimension 104, In the temiporal dimension 102, frame rates with 7.5 Hez
{T0), 15 Hx {T1) or 30 Hz {12}, for example, may be supported by temporal scalability.
When spatial scalability is supported, different resohutions such as QCIF (S0}, CIF (81}
and 4CHE (52), for example, are enabled in the spatial dimension 100. For cach specific
spatial resolution and frame rate, SNR layers (Q1) can be added in the SNR dimension
104 to improve the picture quality.

[8675] Once video content has beon cocoded in such a scalable way, an extractor tool
may be used to adapt the actual delivered content according to application requirements,
which are dependent e.g., on the clients or the transmission channel, In the example
shown in FIG, 2, each cubic contains pictures with the same frame rate (teraporal level),
spatial resolution, and SNR layers. Better reprosemtation may be achicved by adding
cubes {(i.¢., pictures) m any of dimensions 100, 102 or 104, Combined scalability is
supported when there are two, three or even more scalabilities enabled.

[8876] In scalable video coding standards, such as the SVC extension to H.264 or
SHVC, the pictures with the lowest spatial and SNR layer are compatible with the
single layer video codee, and the pictures at the lowest temporal level form the temporal
basc layer, which may be cnhanced with pictures at higher temporal lovels. In addition
10 the base layer, several spatial and/or SNR enhancement layers may be added to
provide spatial and/or qoality scalabilitics. Each spatial or SNR enhancement layer
itself may be temporally scalable, with the same temporal scalability structure as the
base layer. For one spatial or SNR enhancernent layver, the lower layer it depends on
may be referred as the base layer of that specific spatial or SNR enhancement layer.
[8477] FIG. 3 18 a conceptoal illustration showing an example structure 110 of a
scalable video coding bitstream. The bitstream structure 110 includes a layer O 112 that
includes pictures or slices 10, P4 and PR, and a tayer 1 114 that includes pictures or
shices B2, 36 and B10. In addition, bitstream structure 110 includes a layer 2 116 and a
fayer 3 117 that each inchedes pictures 0, 2, 4, 6, 8 and 10, and a layer 4 118 that
inchdes pictures 0 through 11

[8878] A base laver has the lowest spatial and quality kayer (i.e., pictures in Jayer 0 112

and layer 1 114 with QUCIF resohution). Among them, those pictures of the lowest
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temporal level form the temporal base layer, as shown in layer 0 112 of FIG. 3. The
temporal base layer (layer 0) 112 can be enhanced with pictures of a lngher temporal
level, e.g., layer 1 114 with frame rate of 15 Hz or layer 4 118 with frame rate of 30 Hz.
[8079] o addition to the base layer 112, 114, several spatial and/or SNR enhancement
layers may be added to provide spatial and/or quality scalabilities. For exanmple, layer 2
116 with CIF resohition may be a spatial enhancement layer to base layer 112, 114, In

another cxample, layer 3 117 may be an SNR enhancement layer to base layer 112, 114

and layer 2 116, As shown in FIG. 3, each spatial or SMNR enhancement layer itself may

be temporaily scalable, with the same temporal scalability structure as the base laver
112, 114, In addition, an enhancement layer may enhance both spatial resolution and
frame rate. For example, layer 4 118 provides a 4CIF resolution enhancement layer,
which further increases the frame rate from 15 Hz o 30 Hz

{8088} FIG. 4 is a conceptual illustration showing example scalable video coding access
units 120A-120F (“‘access units 1207 in bitstream order. As shown in FIG. 4, the
coded pictures or slices in the same time instance are suceessive in the bitstream order
and form one access unit in the context of a scalable video coding standard, such as the
SV extension to H.264 or SHVC. The access units 120 then follow the decoding
order, which could be different from the display order and determined, for example, by
the temporal prediction relationship between access units 120,

[#881] For example, access onit 120A includes picture 10 from layer § 112, picture O
from layer 2 116, picture O from layer 3 117, and picture 0 from layer 4 118, Access
unit 1208 inclades picture P4 from laver 0 112, picture 4 from layer 2 116, picture 4
from layer 3 117, and picture 4 from layer 4 118, Access vmit 120C meludes picture B2
from fayer 1 114, picture 2 from layer 2 116, picture 2 from layer 3 117, and picture 2
from: fayer 4 118, Access enit 120D includes picture | from layer 4 118, and aceoss unit
120F inchudes picture 3 from layer 4 118,

[8882] FIG. S 18 a block diagram llostrating an example 3-layer SHVC encoder 122,
As illustrated in FIG. 3, SHYC encoder 122 includes a base layer encoder 124, a first
enhancement layer encoder 125 and a second enbhancement fayer enceder 126, Irchigh-
fevel syntax only SHVC, there are no new block level coding tools when compared to
HEVC single layer coding. In SHVC, only slice and above level syntax changes and
picture lovel operation, such as picture filtering or up-sampling, arc allowed.

[8083] To reduce the redundancy between layers, up-sampled co-located refereunce layer

pictares for a lower/base laver may generated and stored in a reference buffer for a
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higher/enhancement layer so that inter-layer prediction may be achieved in the same
way as inter-frame prediction within a single layer. As illustrated in FIG. §, a

csampled inter-layer reference (ILR) picture 128 is gencrated from a reference picture
in base fayer encoder 124 and stored in first enbancement layer encoder 125, Similarly,
a resampled LR picture 129 15 generated from a reference picture in first enhancement
fayer encoder 125 and stored in second enhancement layer encoder 126, In SHYC
WD3, the ILR picture is marked as a long term reference picture for the enhancement
faver., The motion vector difference associated with an infer-layer reference picture is
constrained 1o zero.

[8884] The upcoming deployment of ultra-high definition television (UHDTV) devices

~

and content will use a different color gamut than legacy devices. Specifically, HD uses
the BT.70% recommendation, ITU-R Recommendation BT.709 “Parameter values for
the HDTV standards for production and international programme exchange” Dec. 2010,
while UHDTV will use the BT.2020 recormnmendation, ITU-R Recommendation
BT.2020 “Parameter values for UBDTY systems for production and international
programuic exchange”™ April 2012, A color gamut comprises a complete range of colors
that can be reproduced for an fmage, ¢.g., in a picture, sHee, block or layer of video data.
A key difference between these systems is that the color garaut of UHDTV is
significantly larger than HD. 1t 18 asserted that UHDTV will provide a more hife-like or
realistic viewing experience, which is consistent with other UHDTYV characteristics,
such as high resolution.

18485] FIG, 6 is a graph illustrating an example color gamut of a saraple video
sequence 130, As illustrated in FIG. 6, the SWG1 sample video sequenee 130 4s
indicated as a chuster of dots within a fine outling of the UHD color gamut BT.2020 132.
For comparison purposes, an outline of the HD color gamut BT.709 134 and an outline
of the International Convnission on Wunination (CIE)-XYZ linear color space 136
overlays the SWGE sample video sequence 130, 1t is casily observed from FIG. 6 that
the UHD color gamut BT.2020 132 is much larger than the HD color gamut BT.709
134. Note the number of pixels in the SWGT sample video sequence 130 that fall
outside of the BT.709 color gamut 134,

{8886} FIG. 7 15 a block diagram illnstrating conversion from HD color gamut BT.7(9
134 to UED color gamut BT.2020 132, Both the HD color gamut BT.709 134 and the
UHD color gamut BT.2020 132 define representations of color pixels in fuma and

chroma components (e.g., YCbCr or YUV). Each color gamut defines conversion to
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and from the CIE-XYZ linear color space 136, This common intermediate color space
may be used to defing the conversion of the huma and chroma values in the HD color
gamut BT.709 134 to corresponding loma and chroma vahies in the UHD color gamwut
BT.2020 132.

[8087] More details regarding the color ganuit of the sample sequence llustrated in
FIG. 6 and the color gamut conversion tHustrated in FIG, 7 may be foumd in L.
Kerofsky, A. Segall, S.-H. Kim, K. Misra, “Color Garnut Scalable Video Coding: New
Results,” JCTVC-10334, Geneva, CH, 14-23 Jan, 2013 (heromatior referved to as
“JCTVC-LO334™).

[8888] FIG. &1s a block diagram illustrating a color gamut scalable coder 140 inchuding
a color prediction processing unit 144 that may gonerate an infer-layer reference picture
when a base layer color ganmust and an enhancement layer color gamut are different.
Color prediction processing unit 144 may be used by a video coder, such as video
gncader 20 or video decoder 30 from FIG. 1, to perform color gamut scalable video
coding, in which the color gamut of the base and enhancement kayer s differont.

{66891 In the cxample Hustrated in FIG. 8, a basce layer coding loop 142 performs video
ceding of pictures that include color data in a first color gamnt, e.g., BT.709, and an
enhancement layer coding loop 146 performs video coding of pictures that include color
data m a second color gannst, e.g., BT.2020. Color prediction processing unit 144
performs color prediction to map or convert color data of 2 base layer reference picture
in the first color gamut to the sccond color gamut, and generates an inter-layer reforence
picture for the enhancement layer based on the mapped color data of the base layer
reference pictare.

[8898] To achieve high coding efficiency, color prediction processing unit 144 is
configured to perform specific color prediction when gencrating inter-layer reference
pictures. As described in more detail below, color prediction processing unit 144 may
be configured to perform color prediction according to any of a hinear prediction model,
a piccewise linear prediction model, or a 3D lockup teble based color prediction model.
18891} A lincar prediction model is proposed in JCTVC-L0334, referenced above.
Generally, the color prediction process of the hinear prediction mode! may be described
as a gain and offset model. The linear prediction model operates on individual color
plancs. To facilitate intoger calculation, a parameter describes the number of fractional
bits used in the caleulation using the parameter vumFractionBits. For cach chaunnel, a

gain{e] and offset{c] are specified. The Hnear prediction model is defined as follows:
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Pred[cl[xilyv] = (gainfc]*In{x]lv] + (I<<(mumbractionBits-1)) >>
muamEractionBits -+ offset[c]
[8692] A piccewise lincar prediction mode! is proposed in C. Auyeung, K. Sato,
“AHGI4: Color gamut scalable video coding with piecewise hincar predictions and
shifi-ofiset model,” JCTVC-NO271, Vienna, Austria, July 2013, based on JCTVC-
L3334, referenced above. The color prediction process of the piecewise Hnear
prediction model may also be described as a gain and offset model. The piccewise
finear prediction mode! is defined as follows:

Let dfeixiv] = Infel[xily] - knotic]. fdle]{x}{yi <=0

Prediclxily] = {(gaint{c]*d[c][x]{s f] + offset]{c] + (I<<(numFractionBits-1)}) >>
vumfractionBits

else

Prediclixilv] = {gainZ{c*dlei[xiy] + offset{e] + (I<<{numFractionBits-1}}} >>
numFractionBits
The prediction parameters knot{c], offset{c], gainlic], and gam2{c] may be encoded in
the bitstream.
(8993} FEG. 9 is a conceptual ilhustration showing an example 3D lookup table 150 for
color gamut scalability. A 3D lookup table based color prediction mode! is proposed in
P. Bordes, P. Andrivon, F. Hiron, “AHG 14: Celor Gamut Bealable Video Coding using
3D LUT: New Results,” JCTVC-NO168, Vienna, Auvstria, Jul 2013 (hereinafter referred
to as “JCTVC-NO1687). The principle of the 3D lookup table for color gamut
scalability is depicted fn FI1G. 9. The 31 lookup table 159 can be considered as a sub-
sarapling ot a first 3D color space, e.g., HD color gamut BT.709, where cach vertex is
assoctated with a color triplet (y, v, v} corresponding to second 3D color space (Le,,
predicted) vahies, e.g., UHD color gamut BT.2020).
(8894} In gencral, the first color gamut may be partitioned fnto octants or cuboids in
cach color dimension (.¢., Y, U, and V), and the vertices of the octants are associated
with the color triplet corresponding to the second color gamut and used o populate 3D
fookup table 130, The numbcer of vertices or segments in cach color dimension indicates
the size of 3D lookup table. FIG. 9(a) iustrates the vertices or mitersecting lattice
poinis of the octants in each color dimension. FIG. 9(b) ilhustrates the different color
valucs associated with cach of the vertices. As ilhustrated, in FIG. 9(a) cach color
dimension has four vertices and in FIG. %{b) cach color dimension includes four color

values.
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18688) FIG. 10 1s a conceptual illustration showing tri-lincar interpolation with the 3D
lookup table 150 for color gamut scalability. For a given base layer color sample in the
first color gamut, the computation of its prediction in the second color garaut for an
enhancement layer is made using tri-linear interpolation according to the following

equation.

valuey, = K X ¥,_04 2201 Saie=o, SV} X 5,(u) X 5, (v) X LUT{v {w]{ve by

K

~
H

Where: K=

(Y1 -Vo)X Uy —~Ue )X {P1 Vo)

Soly) = yi-y and 5:(y) = y-yo

vo is the mdex of the nearest sub-sampled vertex infericr to v,
v 18 the index of the nearest sub-sampled vertex superior to v,

184%96] In some cxamples, a separate 2D fookup table may be generated for cach of the
color components, 1.e., 2 loma (Y) component, a first chroma (U) component and 4
second chrama (V) component. Each of the 3D lookup tables inchudes a lama (YY)
dimension, a first chroma (U) dimension and a second chroma (V) dimension, and is
indexed using the three tndependent color compounents (Y, U, V).
[8887] In one example, a mapping function may be defined for each color component
based on the 3D lookup table. An cxample mapping function for a luma (Y} pixel value
is presented in the following cquation:

Yo = LUTW{Ys, Ug, Ve)*Ye -+ LUTW(Ye, U, Vey* e + LUTL Y, U, Vay*Vy
+ LTl Y3, Us, Vi)
In the above equation, Yy represents the luma pixel value in the enhancement layer,
{Yg, Us, Vi) represents a base layer pixel value, and LUTy, LUTy, LUTy and LUTe
vepresent the 3D lookup table for each color component Y, U, V, and a constant.
Similar mapping functions may be defined for a first chroma (U} pixel value and a
second chroma (V) pixel value in the enhancement laver,
[8898] More details of the 3D lookup table illustrated in FIG. 9 and the tri-linear
mterpolation with the 3D lockup table thustrated in FEG. 10 may be found in ICTVC-
NO168, referenced above.
18089} In gencral, 3D lookup table based color gamur scalability results in good coding
performance. The size of the 3D lookup table may be concern, however, since the 3D
fookuyp table is typically stored in cache memory in a hardware tmplementation. A 3D

lockup table with a large table size may result in high computational complexity and a



CA 02925909 2016-03-29

WO 2015/057656 PCT/US2014/060413

S8}
A

high signaling cost. For example, conventionally, the 3D lookup tables are always
symmetric such that the 3D lookup tables have a same size for the luma component, the
first chroma component and the second chroma component. [n addition,
conventionally, the 3D lookup tables are always balanced such that a size of each
dimension of the 3D lookup tables 1s always the same. This results in large table sizes
with high computational complexity and high signaling costs. For example, table sizes
may be up o Ox9x9 or 17x17x17.

18188] The following methods are proposed so that both signaling cost and
computational cost for the 3D lookup table based color ganot scalability may be
reduced.

[8161] The fivst method includes gengrating an asyrametric 35 lookup table such that
the luma (V) and chroma (U and V) components have different sizes. In some cases, the
3D lookup table may have a larger size, Le., more segments, for the luma component
than for cach of the first and second chroms components. In this case, the chroma
components may usc a coarser lookup table and the uma component may use a more
refined lookup table. In other cases, the 3D lookup table may have a larger size for one
or both of the chroma components than for the luma component.

18162} In gencral, the 3D lookup table based color prediction is a kind of 31 piccewise
binear prediction. Theoretically, the more segments used i each color dimeunsion (e,
Y. U, and V) of the 3D lockup table, the higher the color prediction accuracy. A large
number of segments, however, may lead to a high signaling cost and high computational
complexity (i.e., farger table size). In practice, the chroma signal may be less important
and easier to predict. In this case, it may be better to have a high-resohstion lockup
table for the huma (Y} component and bave low-resolution lookup tables for cach of the
first chroma {U) component and the second chroma (V) component.

[8183] According to the technigues of this disclosure, a video coder, such as video
encoder 20 and/or video decoder 30, may generate the asymmetric 3D lookup table
using a different number of segments for the fuma dimension of the 3D lookup table
than for the first chroma dimension and the second chromna dimension of the 3D lookup
table. For example, video encoder 20 and/or video decoder 30 may generate the 3D
lookup table to have a larger size, e, more segments, for the hina component than for
cach of the first and second chroma components. In one example, the 3D lookup table
may have g size up to Sx2x2. Inthis way, the total size of the table may be reduced and

the signaling cost may also be reduced while maintaining good coding performance
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with higher resolution for the tuma component than for the first and second chroma
components. The table sizes for the 3D lookup table may be signaled in a bitstream
such as in a video parameter set (VPS), sequence parameter set (SPS), picture parameter
set {PP3), slice header or related extensions.

[8184] In some examples, cach of the 3D lookup tables may have the same size
MxNxK, in which the size {M} of the luma dimension of the 3D lookup table is
different than the size (N) of the first chroma dimension of the 3D lookup table and the
size {K) of the second chroma dimension of the 3D lookup table. For example, the size
of the tuma dimension may be larger than the sizes of the chroma dimensions, M > N
and M > K and the sizes of the chroma dimensions of the 30 lockup table may be the
same, MN=K. Inone example, each of the 3D lookup tables may have the same sizo of
§x2x2. In ancther example, each of the 3D lookup tables may have the same size of
%626,

[#185] In other examples, 2 luma component 3D lookup table (LUTy) may have a first
size, e.g., MxMxM or MxDxK, that is different than a second size of a first chroma
component 30 lookup table (LUTy), e.g., NxNxN, and a third size of a second chroma
component 30 fookup table (LUTy), e.g., KxKxK. For example, the size of the LUTy
may be larger than the sizes of LUTy and LUTy. The sizes of LUTg and LUTy may be
the same or different from cach other. In one example, LUTy may have the size 8x2x2,
and each of LUTy and LUTy may have the size 2x2x2. In another example, LUTy may
have the size 9x9x9 or 9x6x6, and each of LUTy and LUTy may have the size 9x3x3 or
3x3x3,

18146} In a further example, the precision of the 3D lookup table may be dependent on
the associated color component, For example, a first precision value of the luma
componant 3D fookup table may be different than s second precision value of both the
first and second chroma component 3D lookup tables. For example, the first precision
value of the luma component 3D lookup table ray be higher than the second precision
valge of the chroms compoenent 3D lockup tebies. In one example, the first precision
value ray be 8-bit for the luma component and the sccond precision value may be 6-bit
for the chroma components. In some cases, when generating the 3D lookup tables, an
additional shift may be applied in order to meet a warget bit depth of the enhancement
layer. The usc of different precision valics from a default precision value for 3D
tookup tables based on the associated celor component may be indicated in the VP,

SPS, PPS, slice header or related extensions.
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18147 The sccond method includes generating an unbalanced 3D lookup table, 1.2
table[M[N]{K], such that the size of cach dimension is different depending on which
color component is being used as a table index for the 3D lookup table. The 3D lookup
table may have a larger size for the dimension associated with the color component used
as the table index. In this case, the color mapping may be more accurate for the color
component used as the table index, while being less aceurate for the other color
componenis.

18188] The 3D fookup table proposed i JCTVC-NG168 15 always balanced such that
the size of cach dimension of the 3D lookup table s always same. As discussed above,
the more segments used in each color dimension (e, Y, U, and V3 of the 3D lookup
table, the bettor the color prediction efficiency. A large mumaber of segmernds, however,
may lead to a high signaling cost and high computational complexity (1.¢., larger table
size). Considering that cach color component in a first color gamut usually has higher
correlation with the same color component in a second colfor gamut, #t may be more
helpful o improve the prediction efficicncy by using more segments, i.c. using a larger
size, for the table dimension when the associated color component 15 used as a table
index for the 3D lockup table. The size of the table dimension may be smaller when a
diffcrent color component is used as a table index for the 3D lockup table,

(81891 According to the techniques of this disclosure, a video coder, such as video
encoder 20 and/or video decoder 30, may generate the onbalanced 3D lookop table
using more scgments for the dimension of the 35 leokup table associated with the coloy
component used as & table index for the 3D leokup table. For example, the luma
component 303 lookup table may have a larger fuma dimension than a first chroma
dimension and a second chroma dimension based on the huma component being used as
a table index for the luma component 3D lockup table. Tn one example, the LUTy may
bave the siwe MxNxN, where M > N, The sizes of the first and second chroma
component 2D lookup tables may be similarly deterouned. For example, the LUTy may
have the size NxMxN based on the first chroma component being used at the tablke
index, and the LUT, may bave the size NxNxM based on the sccond chroma component
being used at the table mdex. 1u this way, the total size of each of the tables may be
reduced while maintaining good coding performance with higher resolution for the color
component used as the table index.

{8114} In one cxample, when the Y, U, V component is used as input to the 3D lockup

table, an §x2x2 table may be used for the Y component, 4 2x8x2 table may be used for
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the U component, and 4 2x2x§ table may be used for the V component. In another
example, when the Y, U, V component is esed as input to the 31 lookuap table, a 9x3x3
table may be used for the Y component, a 3x9x3 table may be used for the U
component, and a 3x3x9 table may be used for the V component.
[8111] The table sizes for the 3D lookup table may be signaled n a bitstream such as i
the VPS, SPS, PPS, slice header or related extensions. In the above exampies, only the
values of M and N may be signaled to indicate the table sizes. In some cases, instecad of
signaling the values of M and N, defanlt values may be set for M and N so that no
signaling of the table size is needed. For example, N may bescttoavalueof3ora
vahue of 2 by default.
[8112] The third method focludes genorating only a luma component 30 fookup fable,
and only using the 3D lookup table to perform hima component prediction, while using
onc-dimensional {1D) linear mapping or piccewise Hnear mapping for the chroma
componenis. In this example, the 3D lockup table is simplified such that it 1s only
applicd for luma component prediction. For chroma component prediction, the
piecewise Hnear prediction model may be used. Since the piecewise linear prediction
model shows similar performance to the 3D lookup table based color prediction model
for chroma componcnts, this simplification may maintain the prediction accuracy while
reducing the computational complexity and the signaling cost. For example, only using
a luma component 3D lookup table may redoce the computational complexity by
avoiding tri-lincar interpolation for the chroma components, and may reduce the
signaling cost by not signaling 30 lookup tables for the chroma components,
18113} When the 3D lookup table is only used to perform tama component prediction,
the 3D mapping function described above with respect to FIG. 9 and FIG. 10 may be
simplified to 3 1D mapping function for the chroma components. Example mapping
functions for a first chroma (U) pixel value and a second chroma (V) pixel value are
presented in the following equation. The 3D mapping function for the huna (Y) pixel
value may be the same as presented sbove.

Up= LUTWUpY* U + LUT(Ug)

V= LUTWVey*Vr + LUT(VR)
In the above equations, Up represents the first chroma pixel value in the enhancement
layer, Vi represents the second chroma pixel value in the ecnhancement layer, Up and Vi
represent a base layer chroma pixel values, and LUTy, LUTy and LUT¢ represent the

1D Jookup table for cach chroma component U, V), and a constant.
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18114} The use of any of the methods described above may be indicated in the VP8,
SPS, PPS, shice header or related extension. In some examples, one or more of the
methods described above for performing 3D lookep table based color gamut scalable
may be combined.

[8115] FIG. 11 38 a block diagram illustrating an example of video encoder 20 that may
implement techniques for using 3D lookup table based color gamut scalability in molti-
fayer video coding. Video encoder 20 may perform inira- and inter-coding of video
blocks within video shices. Intra-coding relies on spatiad prediction to reduce or remove
spatial redundancy n video within a given video frame or pictare. Inter-coding relies
on temporal prediction to reduce or remove temporal redundancy in video within
adjacent frames or pictures of a video sequence. Intra-mode (1 mode) may refor to any
of several spatial based coding modes. Inter-modes, such as uni-divectional prediction
{P mode) or bi-prediction (B mode), may refer 1o any of several temporal-based coding
modes.

(8116} As shown in FIG. 11, video encoder 20 receives a current video block within a
video frame to be encoded. In the example of FIG. 11, video encoder 20 mcludes mode
select unit 44, a video data memory 41, decoded picture buffer 64, summer 58,
transform processing unit 52, quantization unit 54, and entropy encoding unit 56, Mode
select unit 40, in turn, ncludes motion compensation unit 44, motion estimation unit 42,
intra-prediction unit 46, partition unit 48, and color prediction processing unit 66. For
video hlock reconstruction, video encoder 20 also includes inverse quantization unit 58,
inverse transform processing unit 60, and sunmmer 62, A deblocking filter (not shown in
FI1G. 11) may also be included to filter block boundaries to remove blockiness artifacts
from reconstructed video. If desired, the deblocking filter would typically filter the
cutput of summer 62, Additional filters (in loop or post loop) may alse be used in
addition to the deblocking filter. Such filters are not shown for brevity, but if desived,
may filter the output of samumer 50 (as an m-loop filier).

18117} Video data memory 41 myay store video data to be encoded by the components of
video encoder 20, The video data stored in video data memory 41 may be obtained, for
example, from video source 18, Decoded picture buffor 64 may be a reference picture
memory that stores reference video data for use in encoding video data by video
encoder 20, ¢.g., in intra- or inter-coding modes. Video data memory 41 and decoded
picture buffer 64 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 41 and decoded picture buffer 64 may be provided by the
same memory device or sgparate memory devices. In various examples, video date
memory 41 may be on-chip with other components of video encoder 20, or oft-chip
relative to those components.

(8118} During the encoding process, video encoder 20 receives a video frame or slice to
be coded. The frame or slice may be divided into multiple video blacks. Mation
estirpation unit 42 and motion compensation unit 44 perform mtor-predictive coding of
the received video block relative to one or more blocks in one or more reference frames
to provide temporal prediction. Intra-prediction unit 46 may alternatively perform intra-
predictive coding of the received video block relative to one or more neighboring blocks
in the same frame or slice as the block to be coded to provide spatial prediction. Video
encoder 20 may perform multiple coding passes, ¢.g., to select an appropriate coding
mode for each block of video data.

16119} Moreover, partition unit 48 may partition blocks of video data into sub-blocks,
based on evaluation of previous partitioning schemes in previous coding passes. For
example, partition onit 48 may inittally partition a frame or shice into LCUs, and
partition each of the LCUs into sub-CUs based on rate-distortion analysis {e.g., rate-
distortion optimization). Mode select unit 40 may further produce a quadtres data
structure indicative of partitioning of an LCU into sub-Clis. Leaf-node Cls of the
guadtrce may include one or more PUs and one or more TUs,

18128] Mode select unit 40 may sclect one of the coding modes, intra or intey, e.g.,
based on ervor results, and provides the resulting intra- or inter-coded block to summer
58 1o generate residual block data and to summer 62 1o reconstruct the encoded block
for usc as a refercnce frame. Mode select unit 40 also provides syntax elements, such as
motion vectors, intra-mode indicators, partition information, and other such syntax
nformation, to entropy encoding unit 56,

18121} Motion cstimation unit 42 and motion compensation unit 44 may be highly
integrated, but are iHustrated separately for conceptual purposes. Motion cstimation,
performed by motion estunation onit 42, 18 the process of generating motion vectors,
which estimate motion for video blocks. A motion vector, for example, may indicate
the displacement of a PU of a video block within a current video frame or picture
relative to a predictive block within a reference picture {or other coded unit) relative to

the current block being coded within the current picture {or other coded umit). A
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predictive block is a block that is found 1o closely match the block to be coded, in terms
of pixel difference, which may be determined by sum of absclute difference (SAD), sum
of square difference (SSE), or other difference metrics. In some examples, video
enceder 20 may calculate values for sub-iiteger pixel positions of reference pictures
stored m decoded picture bufter 64, For example, video encoder 20 may interpolate
values of one-quarter pixel positions, one-cighth pixel positions, or other fractional
pixel positions of the reference picture. Therefore, motion cstimation unit 42 may
perform a motion search relative to the full pixe! positions and fractional pixel positions
and cutput a motion vector with fractional pixel precision.

(61221 Motion estimation unit 42 calculates a motion vector for a PU of a video block
in an inder-ceded slice by comparing the position of the PU to the position of a
predictive block of a reference picture. The reference picture may be selected from a
first reference picture list (List 0) or a second reference picture lst (List 1), each of
which identify one or more reference pictures stored in decoded picture buffer 64
Motion estimation unit 42 sends the caleulated motion vector 10 entropy encoding umit
56 and motion compensation vmit 44.

[8123] Motion compensation, performed by motion compensation unit 44, may tnvolve
fetching or generating the predictive block based on the motion vector determined by
motion estimation unit 42, Again, motion estimation unit 42 and motion compensation
unit 44 may be fonctionally integrated, in some examples. Upon receiving the motion
vector for the PU of the current video block, motion compensation unit 44 may locate
the predictive block to which the metion vector points in one of the reference pictare
fists. Swmmer 50 forms a residoal video block by subtracting pixel values of the
predictive block from the pixel values of the current video block being coded, forming
pixel difference values, as discussed below. In general, motion estimation unit 42
performs motion cstimation relative 1o fuma compoenents, and motion compensation unit
44 vses motion vectors calculated based on the huma components for both chroma
components and luma components. Mode select unit 40 may also generate syntax
clements associated with the video blocks and the videoo slice for use by video decoder
30 i decoding the video blocks of the video shice.

(8124} Intra-prediction unit 46 may intra-predict a current block, as an alternative to
the inter-prediction performed by motion estimation unit 42 and motion compensation
unit 44, as described above. In particular, intra-prediction unit 46 may determing an

ntra-prediction mode to use to encode a current block. In some examples, intra-
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prediction unit 46 may encode a current block using various intra-prediction modes,
¢.g., during separate encoding passes, and intra-prediction unit 46 (o1 mode select unit
49, in some oxamples) may select an appropriate intra-prediction mode to use from the
tested modes.
[8125] For example, intra-prediction unit 46 may calculate rate-distortion values using a
rate-distortion analysis for the various tested intra-prediction modes, and select the
intra-prediction mode having the best rate-distortion characteristios among the icsted
modes. Rate-distortion aunalysis generally determines an amount of distortion (or error)
between an encoded block and an original, unencoded block that was encoded to
produce the encoded block, as well as a bit rate {that is, a number of bits) used to
produce the encoded block. Intra-prediction unit 46 may calculate ratios from the
distortions and rates for the various encoded blocks to determine which intra-prediction
mode cxhibits the best rate-distortion value for the block.
[#126] After selecting an intra-prediction mode for a block, intre-prediction unit 46 may
provide information indicative of the selected intra-prediction mode for the block to
entropy encoding unit 56, Entropy encoding unit 56 may encode the mformation
indicating the selected tntra-prediction mode. Video encoder 20 may include n the
transmitted bitstream configuration data, which may include a plurality of intra-
prediction mode index tables and a plorality of modified intra-prediction mode index
tables (also referred to as codeword mapping tables), definitions of encoding contexts
for various blocks, and indications of a maost probable intra-prediction mode, an intra-
prediction mods jndex table, and a modified intra-prediction mode index table to use for
cach of the contexts.
(8127} Video encoder 20 forms a residual video block by subtracting the prediction data
from: mode seloct unit 40 from the original vides block being coded. Suramer 50
epresents the component or components that perform this subtraction operation.
Transform processing vt 52 apphes a transform, such as a discrete cosine transform
{(BCT) or a conceptually similar transform, to the residoal block, producing 2 video
block comprising tesidual transform cocfficient values. Transtorm processing unit 52
may perform other transforms which are conceptually similar to DCT. Wavelet
transforms, integer transforms, sub-band transforms or other types of transforms could
also be used. In any case, transform processing unit 52 applics the transform to the
residual biock, producing a block of residual transform coefficients, The transtorm may

convert the residual information from a pixel value domain to a transtorm domain, such
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as g frequency domain. Transform processing unit 52 may send the vesulting transform
coefficients to quantization unit 54. Quantization unit 54 guantizes the transform
coefficionts to further reduce bt rate. The guantization process may reduce the bit
depth associated with some or all of the coefficients. The degree of quantization may be
moditied by adjusting a quantization parameter. In some examples, quantization unit 54
may then perform a scan of the matrix tncluding the quantized transform coefficients.
Alternatively, entropy encoding unit 56 may perform the scan.

18128] Following quantization, entropy encoding unit 56 entropy codes the quantized
transform coefficients. For example, entropy encoding vmit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
{CABAC), syntax-based context-adapiive binary arithmetic coding (SBAC), probability
nterval partitioning entropy (PIPE) coding or another entropy coding technique. Tn the
case of context-based entropy coding, context may be based on neighboring blocks.
Following the eniropy coding by entropy encoding unit 56, the ¢ncoded bitstream may
be transmitted 10 another device {e.g., video decoder 30 or archived for later
transmission or refrieval.

[8129] Inverse quantization unit 5§ and inverse transform processing wunit 60 apply
inverse quantization and inverse transformation, respectively, to reconstruct the residual
block m the pixel domain, ¢.g., for later use as a reference block. Motion compensation
unit 44 may calculate a reference block by adding the residual block to a predictive
block of one of the frames of decoded picture buffer 64. Motion compensation unit 44
may also apply one or more wterpolation filiers to the reconstructed residual bleck to
calculate sub-integer pixel values for use n motion estimation. Summer 62 adds the
reconstructed residual block to the motion compensated prediction block produced by
motion compensation unit 44 1o produce a reconstructed video block for storage in
decoded picture buffer 64, The reconstructed video block may be wsed by raotion
estimation unit 42 and motion compensation unit 44 as a reference block to mter-code a
block in a subscquent video frame.

18138} According to the techniques deseribed in this disclosure, video encoder 20 15
configured to perform 3D lookup table based color gamut scalability when encoding
multi-layer video data. Video encoder 20 may predict and encode multi-laver video
data in accordance any of the SHVC extension, the MV-HEVC extension, and the 3D-
HEVC extension, or other multi-layer video coding extensions. Specifically, color

prediction processing unit 66 of video encoder 20 may generate imter-laver reference
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pictures used to predict video blocks in a picture of 8 higher layer of the video data
when a color gamut for the higher layer of the video data is different than a color gamut
for a lower layer of video data.

(8131} Color prediction processing unit 66 of video encoder 20 may perform color
prediction using & 3D lookup table for color gamut sealability to convert color data of a
reference picture in a first color gamut for the fower layer of the video data to 8 second
color gamut for the bigher layer of the video data. In some cxamples, color prediction
processing unit 66 may generate a separate 3D fookup table may be generated for cach
of the color componerts, i.e., 4 luma component, a fivst chroma component and 4 second
chroma component. Each of the 31 lockup tables includes a luma dimension, a first
chroma dimension and 2 second chroma dimension, and is indexed using the three
mndependent color components.

{8132} According to the techniques described in this disclosure, color prediction
processing unit 66 of video encoder 20 generates at feast one 3D lookup table having a
size that is different for the luma component than for cach of the first chroma
component and the second chroma component. Color prediction processing unit 56
may generate this asymmetric 3D jookup table using a different number segments for
the luma dimension of the 31 lookup table. In one example, color prediction processing
unit 66 may generate the 3D Jookup table to have a larger size, Lo, move segments, for
the huna component than for cach of the first and second chroma components. In this
way, the total size of the table may be reduced while maintaining good coding
performance with higher resolution for the luma component thao for the first and second
chroma components,

{8133} In some cxamples, color prediction processing unit 66 may generate cach of the
3D lookup tables to have the same size, in which a size of the luma dimension of the 3D
lookup table is different than cach of a size of the first chroma dimension of the 3D
fookup table and a size of the second chroma dimension of the 3D lookup table. In
other examples, color prediction processing unit 66 may generate a luma component 3D
fookup table to have a first size that is different than cach of a second size of a first
chroma component 3D lookup table and a third size of a second chroma component 3D
lookup table. In & further example, color prediction processing unit 66 may generate a
luma component 3D lookup table fo have a different procision value than cach of the
first chroma component 3D lookup table and the second chroma componernd 3D lookup

table. In some cases, to further reduce complexity, color prediction processing unit 66
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may only generate a loma component 3D lookup table, perform luma component
prediction using the luma component 3D lookap table, and perform first and second
chroma component prediction using 1D linear wiapping or piecewise lincar mapping.
(8134} As another example, according to the techniques of this disclosure, color
prediction processing unit 66 may gencrate an unbalanced 3D lookup table using more
segments for the dimension of the 3D lookup table associated with the color component
used as a table index for the 3D lockup table. For example, the luma component 30
fookup table may have a larger fuma dimension than cach of a first chroma dimension
and a second chroma dimension based on the Joma component being used as a table
index for the luma component 3D lockup table. The sizes of the first and second
chroma component 3D lookup tables may be similarly determined based on the
respective one of the first or second chroma component being used at the table index. In
this way, the total size of cach of the tables may be reduced while maintaining good
coding performance with higher resolution for the color component used as the table
index.

16138} Upon generating the 3D lockup table, color prediction processing unmit 66
performs color prediction of a reforence picture for the lower layer of the video data
using the 31 lockup table, and generates an inter-layer reference picture for the higher
taver of the video data based on the color predicted reference picture. Upon generating
the inter-layer reference pictures, motion compensation unit 44 of video encoder 20 may
operate as described above to predict video blocks in a picture of the higher layer of the
video data based on the inter-layer reference pictures generated using the 3D lookup
table. Video encoder 20 may then encode residual data of the predicted video blocks in
a bitstream for ransmission to video docoder 30, In some exampies, video encoder 20
may also encode one or more syntax clemenys indicating the size of the 3D lookup table
in the bitstream, where the size is difforent for the Juma component than for the first and
second chroma components.

16136} FIG. 12 is a block diagram illustrating an example of video decoder 30 that may
implement techoigques for determining using 313 lookup table based color gamut
scalability in multi-layer video coding. In the exanple of FIG. 12, video decoder 30
inchudes an entropy decoding unit 70, a video data memory 71, motion eompensation
unit 72, intra prediction processing unit 74, color prediction processing unit 86, inverse
quantization unit 76, inverse transform processing unit 7%, decoded picture butfer 82

and stmumer 80, Video decoder 30 may, in some examples, perform a decoding pass
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generally reciprocal to the encoding pass described with respect to video encoder 20
(FIG. 11). Motion compensation unit 72 may generate prediction data based on motion
vectors received from entropy decoding unit 70, while intra-prediction unit 74 may
genetate prediction data based on intra-prediction mode indicators received from
entropy decoding unit 70,

[#137] Video data memory 71 may store video data, such as an encoded video
bitstreain, to be decoded by the componenis of video decoder 30, The video data stored
in video data merory 71 may be obtained, for example, from compuier-readable
medivm 16, e.g., from a local video source, such as a camera, via wired or wireless
petwork communication of video data, or by accessing physical data storage

media, Video data memory 71 may form a coded picture buffor (CPB) that stores
encoded video data from an encoded video bitstream. Decoded picture butfer 82 may
be a reference picture memory that stores reference video data for use in decoding video
data by video decoder 30, e.g., in intra- or infer-coding modes. Video data memory 71
and decoded pictare bufter 82 may be formaed by any of & varicty of memory devices,
such as dynanic random access memory (DRAM), meluding synchronous DRAM
{SDRAM), magnetorgsistive RAM (MRAM), resistive RAM (RRAM), or other types of
memory devices. Video data memory 71 and decoded picture buffer 82 may be
provided by the same memory device or separate memory devices. In various examples,
video data memory 71 may be on-chip with other components of video decoder 30, o1
off-chip relative to those componenis,

18138} During the decoding process, video decoder 30 receives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
clements from video encoder 20, Entropy decoding anit 70 of video decoder 30 entropy
decodes the bitstream to generate quantized coefficients, motion vectors or intra-
prediction mode indicators, and other syntax clements. Entropy decoding unit 70
forwards the motion vectors to and other syntax elements to motion compensation unit
72. Video decoder 30 may receive the syntax elements at the video slice level and/or
the video block level

18139 When the video slice is coded as an intra-coded (1) shce, intra prediction
processing unit 74 may generate prediction data for a video block of the current video
slice based on a signaled intra prediction mode and data from previcusly decoded blocks
of the current frame or picture. When the video fraroe is coded as an inter-coded (1.2, B

or Py slice, motion compensation unit 72 produces predictive blocks for a video block of
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the carrent video slice based on the motion vectors and other syntax elements received
from entropy decoding vnit 70, The predictive blocks may be produced from one of the
reference pictures within one of the reference picture lists. Video decoder 30 may
construct the reference picture lists, List § and List 1, using defanlt construction
techniques based on reference pictures stored i decoded picture buffer 82, Motion
compensation unit 72 determines prediction information for a video block of the current
video slice by parsing the motion vectors and other syotax clements, and uses the
prediction miformation to produce the predictive blocks for the current video block
being decoded. For example, motion compensation unit 72 uses some of the recetved
syntax elements to determine a prediction meode {e.g., mtra- or inter-prediction} used to
code the video blocks of the video slice, an inter-prediction slice type (e.g., Bslice or P
slice), construction information for one or more of the reference picture lists for the
slice, motion vectors for each mter-encoded video block of the slice, inter-prediction
status for cach imter-coded video block of the slice, and other information to decode the
video blocks in the current video slice.

[6148] Motion compensation unit 72 may also perform interpolation based on
interpolation filters, Motion compensation unit 72 may use imterpolation filters as ased
by video encoder 20 during encoding of the video blocks to calculate interpolated values
for sub-integer pixels of reference blocks. In this case, motion compensation unit 7
may determine the interpolation filters used by video encoder 26 from the recetved
syntax clements and use the interpolation filters to produce predictive blocks.

18141} Inverse quantization unit 76 inverse quandizes, i.¢., de-quantizes, the quantized
transform coefficients provided m the bitstream and decoded by entropy decoding unit
70. The inverse quantization process may include use of a quantization parameter QPy
calculated by video decoder 30 for cach video block in the video slice to determine a
degree of quantization and, likewise, a degree of inverse quantization that should be
apphed. Tnverse transform processimg vmit 78 applies an inverse transform, e.g., an
inverse DCT, an inverse integer transform, or a conceptually similar inverse transform
process, to the transform coefficients in ovder to produce residual blocks in the pixel
dornain,

{8142} After motion compensation unit 72 generates the predictive block for the corrent
video block based on the motion vectors and other syntax elements, video decoder 30
forms 2 decoded video block by sunuming the residual blocks from joverse transform

processing onit 78 with the corresponding predictive blocks generated by motion
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compensation unit 72, Summer 80 represents the component or components that
perform this summation operation, If desired, a deblocking filter may also be applied to
fitter the decoded blocks in order {0 remove blockingss artifacts. Other loop filters
(cither in the coding loop or after the coding loop) may also be used to smooth pixel
transitions, or otherwise improve the video quality. The decoded video blocks ina
given frame or picture are then stored in decoded picture buffer 82, which stores
reference pictures used for subscquent motion compensation. Becoded piciure buffer
%2 also stores decoded video for later presentation on a display device, such as display
device 32 of FIG. 1.

(8143} According to the techmiques described in this disclosure, video decoder 38 s
configured to perform 3D lookup table based color gamut scalability when decoding
multi-layer video data. Video decoder 30 may decode and reconstruct predicted multi-
layer video data tn accordance any of the SHVC extension, the MV-HEVC exicnsion,
the 3D-HEVC extension, or other multi-layer video coding extensions to HEVC,
Specifically, color prediction processing unit 86 of video decoder 30 may generate mnter-
laver reference pictures used to predict video blocks in a picture of a higher layer of the
video data when a color gamut for the higher layer of the video data is different them 2
color gamut for a lower fayer of video data.

[8144] Color prediction processing unit 86 of video decoder 30 may perform color
prediction using & 3T lookup table for color gamut scalability to convert color data of a
reference picture in a first color gamut for the lower layer of the video data to a second
color gamut for the bigher layer of the video data,  Insome examples, color prediction
processing unit 86 may generate a separate 3D lookup table may be generated for cach
of the color components, 1.¢., 2 huna component, a first chroma component and a second
chroma component. Each of the 3D lockup tables includes a lums dimension, a first
chroma dimeusion and # second chroma dimension, and is mdexed using the three
independent color components.

18145} According to the technigues described in this disclosure, color prediction
processing unit 86 of video docoder 36 generates at least one 3D lookyp table having 2
size that is different for the fuma component than for each of the first chroma
component and the second chroma component. In some examples, video decoder 30
may decode one or more syntax elements indicating the size of the 3D lookup table in
the bitstream, where the size is different for the luma component than for the first and

second chroma components. Color prediction processing unit 86 may generate this
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asymmetric 3D lookup table according to the indicated size using a different nomber of
segments for the luma dimension of the 3D lookup table. In once example, color
prediction processing unit 86 may generate the 3D lookup table to have a larger size,
i.c., more segments, for the luma component than for each of the first and second
chroma components. In this way, the total size of the table may be reduced while
maintaining good coding performance with higher resolution for the luma component
than for the first and second chroma components.

18146] In some examples, color prediction processing unit 86 may generate cach of the
3D lookup tables to have the same size, in which a size of the luma dimension of the 3D
fookup table s different than each of a size of the first chroma dimension of the 3D
tookup table and a size of the second chroma dimmension of the 3D lockup table. In
other examples, color prediction processing unit 86 may generate a luma component 30
fookup table to have a first size that is different than each of a second size of a first
chroma component 3D lookup table and a third size of g second chroma component 3D
lookup table. In 2 further example, color prediction processing unit 86 may gencrate a
fuma component 3D lookup table to have a different precision value than cach of the
first chroma component 30 lookup table and the second chroma component 3D lockup
table. In some cases, to further reduce complexity, color prediction processing unit 86
may only generate a huma component 3D lookup table, perform fuma component
prediction using the luma component 3D lookup table, and perform first and second
chroma component prediction using 1D lincar mapping or piecewise lincar mapping.
18147} As another example, according 1o the tochnigues of this disclosure, color
prediction processing tmit 86 may generate an unbalanced 3D lookup table using more
segments for the dimension of the 3D lookup table associated with the color component
usod as a table index for the 3D lookup table. For example, the loma component 3D
lookup table may have a larger luma dimension than cach of a first chroma dirension
and a second chroma dimension based on the luma component being used as a table
index for the luma component 30 lookup table. The sizes of the first and second
chroma component 3D lookup tables may be similarly determined based on the
respective one of the first or second chroma component being used at the table index. In
this way, the total size of each of the tables may be reduced while maimaining good
coding performance with higher resolation for the color component used as the table

ndex.
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16148} Upon generating the 3D loockup table, color prediction processing unit 86
performs color prediction of a reference picture for the lower layer of the video data
using the 3D lockup table, and gencrates an inter-layer reforence picture for the higher
layer of the video data based on the color predicted reference picture. Upon generating
the mter-layer reference pictures, motion compensation umt 72 of video decoder 30 may
operate as described above to reconstruct predicted video blocks in a picture of the
higher layer of the video data based on decoded residual data and the inter-layer
reference pictares generated using the 3D leokup table

16149} FIG. 13 18 a flowchart illustrating an example operation of generating imter-layer
reference pictares using 3D lookup table based color gamut scalability. The example
operation of FIG. 13 is described herein as being performed by color prediction
processing onit 86 of video decoder 30 of FIG. 12, In other examples, the operation
may be performed by color prediction processing unit 66 of video encoder 20 of FIG. 11
or color prediction processing unit 144 of FIG, 8.

16188} Conventionally, in nwlti-layer video coding, a lower layer of video data (e.g., a
base layer) and a higher layer of the video data {(e.g., an enhancement layer) include
color data in the same color gamut, ¢.g., HD color garant BT.709. In this case, a video
decoder may gencrate inter-layer reference pictures for the higher layer of the video data
as up-sampled versions of co-located reference pictures for the lower laver of the video
data. In the examples described in this disclosure, a lower layer of video data may
include color data in a first color gamwt, ¢.g., BT.709, and a higher layer of the video
data mway inclade color data in a different, second color gamut, .g., UHD color gamut
BT.2020. Inthis example, in order to generate nter-laver reference pictures for the
higher layer of the video data, video decoder 30 uses color prediction processing unit 86
to perform color prediction to convert the color data of 3 reference picture in the first
color gamut for the lower layer of the video data to the second color gamut for the
higher layer of the video data. Color prediction processing unit 86 of video decoder 30
may perform color prediction using a 3D lockup table for color gamut scalability.
18151} According to the techniques of this disclosure, color prediction processing unit
86 generates at {east one 3D lookup table for color gamut scalability having a different
size for a foma component than for each of a first chroma component and a second
chroma component (180). Entropy decoding unit 70 may decode one or more syntax
clements indicating the size of the at least one 3D lookup fable, where the size is

different for the huma component than for each of the first and second chroma
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components. Color prediction processing unit 86 may generate this asymmetric 3D
lookup table according to the indicated size by using a different mumber of segments for
the loma dimension of the 3D lockup table than for the first and second chroma
components of the 3D lookup table.

[8152] For example, color prediction processing umit 86 may generate the 3D lookup
table to have a larger size, 1.e., more segments, for the loma component than for each of
the first and second chroma components. In one example, the 35 lookup table may
have a size up to 8x2x2. In this way, the total size of the table may be reduced while
maintaining good coding performance with higher resolution for the lama component
than for the first and second chroma components.

[8183] Color prediction processing unit 86 may generate a separate 31 Jookup table for
each of the color components, 1.e., a loma {Y) component, 4 first chroma (U) component
and a second chroma (V) component. Each of the 3D leokup tables includes 2 luma (Y)
dimension, a first chroma (U} dimension and a second chroma (V' dimension, and is
indexed using the three independent color components (Y, U, V). In some examples,
color prediction processing unit 86 may generate cach of the 3D lookup tables to have
the same size MxNxK, in which the size (M) of the luma dimension of the 3D lookep
table is different than cach of the size (N) of the first chroma dimension of the 3D
fookup table and the size (K) of the second chroma dimension of the 3D lookup table.
For example, the size of the fuma dimension may be larger than the sizes of the chroma
dimensions, M > N and M > K, and the sizes of the chroma dimensions may be the
same, N=K. In one exanmple, each of the 3D lookup tables may have the same size of
8x2x2.

{8154} In other examples, color prediction processing unit 86 may gencrate a fuma
componant 3D tookup table (LUTy) to have a first size, e.g., MxMxM or MxNxK, that
is different than each of g second size of a first chroma component 3D lookup table
{(LUTw), e.g., MaNaN, and a third size of a second chroma component 3D lookup table
(LUTv), c.g., KxKxK. For example, the size of the loma component 3D lookup table
may be larger than the sizes of the chroma component 3D lookup tables. The first and
second chroma component 30 lockup tables may be the same size or different sizes. In
one example, LUTy may have the size 822x2, and each of LUTy; and LUTy may have
the size 2x2x2,

[8185] In a further example, color prediction processing untt 86 may generate the luma

component 3D lockup table with a different precision value than the precision vahse of
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cach of the first chroma component 3D lookup table and the second chroma component
3D lockuyp table. For example, the precision value of the hima component 3D lockup
table may be higher than the precision value of the chroma component 30 lookup
tables. In some cases, o further reduce complexity, color prediction processing unit 86
may only generate a huma component 30 lookup table,

[#1%6] As another example, according to the techniques of this disclosure, color
prediction processing unit 86 of video decoder 30 may gencrate the at least one 3D
fookup table as an unbalanced 3D Jookup table using more segments for the dimension
of the 3D lookup table associated with the color component used as a able index for the
30 lookup table. For example, the huwa component 3D lookup table may have a larger
tuma dimension than & fivst chroma dimension and a second chroma dimension based
on the luma component being used as 4 table index for the luma component 3D lockup
table. In this cxample, the LUTy may have the size MxNxN, where M > N, The sizes
of the first and second chroma component 3D lookup tables may be similarly
determined. For exanple, the LUTy may have the size NxMxN based on the first
chroma component being used at the table index, and the LUT, may have the size
NxNxzM based on the second chroma component being used at the table index. In thas
way, the total size of cach of the tables may be reduced while maintaining good coding
performance with higher resolution for the color component used as the table index.
{6187} After generating the at least one 3D lookup table, color prediction processing
unit 86 performs color prodiction using the at least onc 3D lookup table to convert the
color data of the reference picture in the first color gavwt for the lower layer of the
video data to the second color ganuat for the higher laver of the video data (182). Color
prediction processing unit 86 then generates at least one inter-layer relerence picture for
the higher laver of the video data based on the converted color data {184). In cases
where only a luma component 3D lockup table is generated, color prediction processing
unit 86 may perform uma component prediction using the luma component 3D lookup
table, and perform first and second chroma component prediction using 1D Hnear
mapping ot piccewise lincar mapping to generate an inter-layer reference picture.

Video decoder 30 may then reconstruct predicted video blocks i a picture of the higher
layer of video data based on decoded residual data and the at least one inter-layer
reference picture goncrated using the at keast one 3D lookup table.

(6158 Certain aspocts of this disclosure have been described with respect to extensions

of the HEVC standard for purposes of illustration. However, the techmiques deseribed
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in this disclosure may be useful for other video coding processes, including other
standard or proprictary video coding processes not yet developed.

[6139] A video coder, as described in this disclosure, may refer to a video encoder or a
video deceder. Similarly, a video coding unit may refer to a video encoder or a video
decoder. Likewise, video coding may rofer to video encoding or video decoding, as
applicable.

18168} It is to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether {e.g., not all deseribed acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may
be performed concurrently, o.g., through multi-threaded processing, faterrupt
processing, or mukltiple processors, rather than sequentially,

{8161} In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the fimctions may be stored on or transmitted over as one or more instroctions o code
on a computer-readable medium and executed by a hardware-based processing umt.
Computer-readable media may include computer-readable storage media, which
corresponds 0 a tangible medium such as data storage media, or communication media
meluding any medunm that facilitates transter of a computer program from one place to
another, e.g., according to a comnnmication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a commmunication medium such as a signal or

i
H
X

carrier wave. Data storage media may be any available media that can be accessed by
O1E OF MOFe COMPUECTs OF ONC OF MOTE Processors to retrieve instractions, code and/or
data structures for implomentation of the techniques described in this disclosure. A
computer program product may include a computer-readable medivm.

[8162] By way of example, and not Hraitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magactic
disk storage, or other magnctic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of mstructions or data structures
and that can be accessed by a2 computer. Also, any connection is property termed a
computer-readable medium. For example, if instructions are transmitied from a
website, server, or other remoie source using a coaxial cable, fiber optic cable, twisted

pair, digital subseriber Hue (DSL), or wireless technologies such as infrared, radio, and
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microwave, then the coaxial cable, fiber optic cable, twisted pair, IISL, or wireless
technologies such as mfrared, radio, and microwave are included in the definition of
mediym. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carricr waves, signals, or other transitory
media, but are instead divected to non-transitory, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc
(BVD), tloppy disk and Blo-ray disc, where disks vsually roproduce data magnetically,
while discs reproduce data optically with lasers. Combmations of the above should also
be mecluded within the scope of computer-readable media.

[8163] Instructions may be executed by one or more processors, such as one of more
digital signal processors (DSPs), general purpose microprocessors, application specific
mtegrated circuits (ASICs), field programmmable logic arrays (FPGAs), or other
cquivalent integrated or discrete logic circuitry, Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techuiques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combinad
codec. Also, the technigues could be fully implemented in one or more circuits or logic
clements.

{8164} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatusces, including a wircless handset, an integrated circuit (IC) or a sct of
1Cs {e.z., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardwarg
unit or provided by a colicction of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable sottware and/or firraware.
18165} Various cxamples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS:
1. A method of processing multi-layer video data, the method comprising:

generating at least one three-dimensional (3D) lookup table for color gamut
scalability, wherein the at least one 3D lookup table has a size that is different for a luma
component than for each of a first chroma component and a second chroma component,
wherein generating the at least one 3D lookup table includes partitioning the luma component
to have a different number of segments than each of the first chroma component and the
second chroma component, and wherein the number of segments for the luma component is

indicated by one or more syntax elements included in a bitstream;

performing color prediction using the at least one 3D lookup table to convert color
data of a reference picture in a first color gamut for a lower layer of the video data to a second
color gamut for a higher layer of the video data, wherein the first color gamut and the second

color gamut are within the same color space for the video data; and

generating at least one inter-layer reference picture for the higher layer of the video

data based on the converted color data.

2. The method of claim 1, wherein the size of the at least one 3D lookup table is larger
for the luma component than for each of the first chroma component and the second chroma

component.

3. The method of claim 1, wherein the at least one 3D lookup table has more segments
for the luma component than for each of the first chroma component and the second chroma

component.

4. The method of claim 1, wherein generating the at least one 3D lookup table comprises
generating a luma component 3D lookup table having a size MXNxK, wherein M represents a
size for a luma dimension of the luma component 3D lookup table, N represents a size for a

first chroma dimension of the luma component 3D lookup table, and K represents a size for a
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second chroma dimension of the luma component 3D lookup table, and wherein M is different

than each of N and K.

5. The method of claim 4, wherein generating the at least one 3D lookup table further
comprises generating a first chroma component 3D lookup table having the size MxXNxK, and

generating a second chroma component 3D lookup table having the size MxNxK.

6. The method of claim 1, wherein generating the at least one 3D lookup table comprises
generating a luma component 3D lookup table having a first size, generating a first chroma
component 3D lookup table having a second size, and generating a second chroma component
3D lookup table having a third size, wherein the first size is different than each of the second

size and the third size.

7. The method of claim 1, wherein generating the at least one 3D lookup table comprises
generating a luma component 3D lookup table having a first precision value, generating a first
chroma component 3D lookup table having a second precision value, and generating a second
chroma component 3D lookup table having the second precision value, wherein the first

precision value is different than the second precision value.

8. The method of claim 1, wherein generating the at least one 3D lookup table comprises
generating an unbalanced 3D lookup table using more segments for a luma dimension of the
3D lookup table than for each of a first chroma dimension and a second chroma dimension of
the 3D lookup table based on the luma component being used as a table index for the 3D
lookup table.

9. The method of claim 1, wherein generating the at least one 3D lookup table comprises:

generating a luma component 3D lookup table having a luma dimension that is larger
than each of a first chroma dimension and a second chroma dimension based on the luma

component being used as a table index for the luma component 3D lookup table;

generating a first chroma component 3D lookup table having a first chroma dimension

that is larger than each of a luma dimension and a second chroma dimension based on the first
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chroma component being used as a table index for the first chroma component 3D lookup

table; and

generating a second chroma component 3D lookup table having a second chroma
dimension that is larger than each of a first chroma dimension and a luma dimension based on
the second chroma component being used as a table index for the second chroma component

3D lookup table.

10. The method of claim 1, wherein generating the at least one 3D lookup table comprises

only generating a luma component 3D lookup table.

11.  The method of claim 1, wherein performing color prediction comprises performing
luma component prediction using the at least one 3D lookup table, the method further
comprising performing first and second chroma component predictions using one of linear

mapping or piecewise linear mapping.
12. The method of claim 1, further comprising:

predicting video blocks in a picture of the higher layer of the video data based on the

at least one inter-layer reference picture generated using the at least one 3D lookup table;
encoding residual data of the predicted video blocks in the bitstream; and

encoding the one or more syntax elements indicating the number of segments for the

luma component of the 3D lookup table in the bitstream.
13. The method of claim 1, further comprising:

decoding, from the bitstream, the one or more syntax elements indicating the number

of segments for the luma component of the 3D lookup table;

decoding, from the bitstream, residual data of predicted video blocks; and
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reconstructing the predicted video blocks in a picture of the higher layer of the video
data based on the decoded residual data and the at least one inter-layer reference picture

generated using the at least one 3D lookup table.

14. A video processing device for processing multi-layer video data, the device

comprising:
a memory configured to store the multi-layer video data; and
one or more processors in communication with the memory and configured to:

generate at least one three-dimensional (3D) lookup table for color gamut scalability,
wherein the at least one 3D lookup table has a size that is different for a luma component than
for a first chroma component and a second chroma component, wherein the one or more
processors are configured to partition the luma component to have a different number of
segments than each of the first chroma component and the second chroma component, and
wherein the number of segments for the luma component is indicated by one or more syntax

elements included in a bitstream,

perform color prediction using the at least one 3D lookup table to convert color data of
a reference picture in a first color gamut for a lower layer of the video data to a second color
gamut for a higher layer of the video data, wherein the first color gamut and the second color

gamut are within the same color space for the video data, and

generate at least one inter-layer reference picture for the higher layer of the video data

based on the converted color data.

15.  The device of claim 14, wherein the size of the at least one 3D lookup table is larger
for the luma component than for each of the first chroma component and the second chroma

component.
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16.  The device of claim 14, wherein the at least one 3D lookup table has more segments
for the luma component than for each of the first chroma component and the second chroma

component.

17. The device of claim 14, wherein, to generate the at least one 3D lookup table, the one
or more processors are configured to generate a luma component 3D lookup table having a
size MXNxK, wherein M represents a size for a luma dimension of the luma component 3D
lookup table, N represents a size for a first chroma dimension of the luma component 3D
lookup table, and K represents a size for a second chroma dimension of the luma component

3D lookup table, and wherein M is different than each of N and K.

18.  The device of claim 17, wherein the one or more processors are configured to generate
a first chroma component 3D lookup table having the size MxXNxK, and generate a second

chroma component 3D lookup table having the size MXNXK.

19.  The device of claim 14, wherein, to generate the at least one 3D lookup table, the one
or more processors are configured to generate a luma component 3D lookup table having a
first size, generate a first chroma component 3D lookup table having a second size, and
generate a second chroma component 3D lookup table having a third size, wherein the first

size is different than each of the second size and the third size.

20. The device of claim 14, wherein, to generate the at least one 3D lookup table, the one
or more processors are configured to generate a luma component 3D lookup table having a
first precision value, generate a first chroma component 3D lookup table having a second
precision value, and generate a second chroma component 3D lookup table having the second

precision value, wherein the first precision value is different than the second precision value.

21. The device of claim 14, wherein, to generate the at least one 3D lookup table, the one
or more processors are configured to generate an unbalanced 3D lookup table using more
segments for a luma dimension of the 3D lookup table than for each of a first chroma
dimension and a second chroma dimension of the 3D lookup table based on the luma

component being used as a table index for the 3D lookup table.
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22.  The device of claim 14, wherein, to generate the at least one 3D lookup table, the one

Or more processors are conﬁgured to:

generate a luma component 3D lookup table having a luma dimension that is larger
than each of a first chroma dimension and a second chroma dimension based on the luma

component being used as a table index for the luma component 3D lookup table;

generate a first chroma component 3D lookup table having a first chroma dimension
that is larger than each of a luma dimension and a second chroma dimension based on the first
chroma component being used as a table index for the first chroma component 3D lookup

table; and

generate a second chroma component 3D lookup table having a second chroma
dimension that is larger than each of a first chroma dimension and a luma dimension based on
the second chroma component being used as a table index for the second chroma component

3D lookup table.

23.  The device of claim 14, wherein, to generate the at least one 3D lookup table, the one

or more processors are configured to only generate a luma component 3D lookup table.

24.  The device of claim 14, wherein the one or more processors are configured to perform
luma component prediction using the at least one 3D lookup table, and perform first and

second chroma component predictions using one of linear mapping or piecewise linear

mapping.

25.  The device of claim 14, wherein the video processing device comprises a video

encoding device, and wherein the one or more processors are configured to:

predict video blocks in a picture of the higher layer of the video data based on the at

least one inter-layer reference picture generated using the at least one 3D lookup table;

encode residual data of the predicted video blocks in the bitstream; and
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encode the one or more syntax elements indicating the number of segments for the

luma component of the 3D lookup table in the bitstream.

26.  The device of claim 14, wherein the video processing device comprises a video

decoding device, and wherein the one or more processors are configured to:

decode, from the bitstream, the one or more syntax elements indicating the number of

segments for the luma component of the 3D lookup table;
decode, from the bitstream, residual data of predicted video blocks; and

reconstruct the predicted video blocks in a picture of the higher layer of the video data
based on the decoded residual data and the at least one inter-layer reference picture generated

using the at least one 3D lookup table.

27. A video processing device for processing multi-layer video data, the device

comprising:

means for generating at least one three-dimensional (3D) lookup table for color gamut
scalability, wherein the at least one 3D lookup table has a size that is different for a luma
component than for a first chroma component and a second chroma component, wherein the
means for generating the at least one 3D lookup table includes means for partitioning the luma
component to have a different number of segments than each of the first chroma component
and the second chroma component, and wherein the number of segments for the luma

component is indicated by one or more syntax elements included in a bitstream;

means for performing color prediction using the at least one 3D lookup table to
convert color data of a reference picture in a first color gamut for a lower layer of the video
data to a second color gamut for a higher layer of the video data, wherein the first color gamut

and the second color gamut are within the same color space for the video data; and

means for generating at least one inter-layer reference picture for the higher layer of

the video data based on the converted color data.
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28. A non-transitory computer-readable storage medium storing instructions for

processing multi-layer video data that, when executed, cause one or more processors to:

generate at least one three-dimensional (3D) lookup table for color gamut scalability,
wherein the at least one 3D lookup table has a size that is different for a luma component than
for a first chroma component and a second chroma component, wherein the instructions cause
the one or more processors to partition the luma component to have a different number of
segments than each of the first chroma component and the second chroma component, and
wherein the number of segments for the luma component is indicated by one or more syntax

elements included in a bitstream,;

perform color prediction using the at least one 3D lookup table to convert color data of
a reference picture in a first color gamut for a lower layer of the video data to a second color
gamut for a higher layer of the video data, wherein the first color gamut and the second color

gamut are within the same color space for the video data; and

generate at least one inter-layer reference picture for the higher layer of the video data

based on the converted color data.
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