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Slicing And Tiling For Sub-Image Signaling In Video Coding

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 62/731,696, filed September 14, 2018 by Ye-Kui Wang, et. al., and titled “Slicing and

Tiling In Video Coding,” which is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure is generally related to video coding, and is specifically
related to partitioning images into slices, tiles, and coding tree units (CTUs) to support

increased compression in video coding.

BACKGROUND

[0003] The amount of video data needed to depict even a relatively short video can be
substantial, which may result in difficulties when the data is to be streamed or otherwise
communicated across a communications network with limited bandwidth capacity. Thus, video
data is generally compressed before being communicated across modern day
telecommunications networks. The size of a video could also be an issue when the video is
stored on a storage device because memory resources may be limited. Video compression
devices often use software and/or hardware at the source to code the video data prior to
transmission or storage, thereby decreasing the quantity of data needed to represent digital
video images. The compressed data is then received at the destination by a video
decompression device that decodes the video data. With limited network resources and ever
increasing demands of higher video quality, improved compression and decompression
techniques that improve compression ratio with little to no sacrifice in image quality are

desirable.
SUMMARY

[0004] In an embodiment, the disclosure includes a method implemented in a decoder. The
method comprises receiving, by a receiver of the decoder, a bitstream including a first slice of a
coded image, wherein the coded image is associated with a picture parameter set (PPS) in the
bitstream, and wherein the first slice is associated with a slice header in the bitstream. The

method further comprises parsing, by a processor of the decoder from the PPS, a list of
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identifiers (IDs) in the PPS. The method further comprises parsing, by the processor, a first ID
from the slice header of the first slice, wherein the first ID matches one of the IDs in the list of
IDs explicitly signaled in the PPS. The method further comprises determining, by the
processor, a list of tiles coded in the first slice based on the first ID. The method further
comprises decoding, by the processor, the first slice to generate a reconstructed sub-image of
the coded image. Some video coding systems employ slices that are signaled based on their
location relative to a picture. In the event a sub-picture of the picture is requested, the slices
associated with the sub-picture can be sent. However, a slice header in such systems is written
based on an addressing system that assumes all slices are present. If only a sub-set of the slices
are present, a splicer at the server side rewrites the slice header to comply with a new
addressing scheme that omits the extra slices. For example, the first slice of the sub-picture
should be readdressed so that the top left corner is the starting address regardless of the original
address used by the first slice in the base image. The present disclosure avoids rewriting the
slice header when a sub-picture is sent to a decoder. For example, slices and other sub-
partitions can be addressed based on an ID, such as a tile ID. Further, all such IDs (e.g., tile
IDs) are unique in the base picture and increase in value in raster scan order (e.g., top left to
bottom right). As such, the decoder can determine addresses and boundaries of slices, tiles,
coding tree units (CTUs), blocks, etc. even when the first slice does not contain an origin
address. By employing these mechanisms, compression of the video file can be improved, for
example by inferring predictable addresses and/or IDs and omitting such data from the
bitstream. This reduces network communication resource usage as well as memory resource
usage at the encoder and decoder. Further, avoiding rewriting of the slice header allows some
or all of the functions of a splicer to be omitted, which saves significant system resources on a
file server containing the encoded video (e.g., resources are saved for every user request of the
video). Further, such addressing supports parallel processing of different slices (e.g., as slice
addresses are independent), which increases decoding speed at the decoder.

[0005] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the bitstream lacks one or more second slices of the coded image and the
slice header of the first slice has not been rewritten due to the bitstream lacking the second
slices.

[0006] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the coded image contains a plurality of tiles, and wherein each of the

plurality of tiles contains a unique tile ID.
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[0007] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein each of the tile IDs for the plurality of tiles in the coded image increase in
raster scan order.

[0008] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein each of the tile IDs for the plurality of tiles in the coded image increase
monotonously in raster scan order.

[0009] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the first slice includes one or more tiles that are a subset of the plurality of
tiles in the coded image, wherein the one or more tiles are each associated with a tile ID,
wherein each of the one or more tiles includes one or more coding tree units (CTUs) containing
sub-image data, and wherein each CTU is addressed based on the tile containing the CTU.
[0010] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the bitstream lacks one or more tile IDs of the one or more tiles in the first
slice, and wherein the one or more tile IDs of the one or more tiles in the first slice are inferred
based on a top left tile ID and a bottom right tile ID of the first slice.

[0011] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein tile IDs for the plurality of tiles in the coded image are the list of IDs
explicitly signaled in the PPS.

[0012] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the plurality of tiles in the coded image are designated with tile indices,
wherein the tile IDs of the plurality of tiles are different than tile indices of the plurality of tiles,
and wherein a conversion between tile IDs and tile indices is specified in the PPS in the
bitstream.

[0013] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, further comprising determining entry point offsets for the one or more tiles from the
slice header prior to decoding the first slice.

[0014] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, further comprising forwarding, by the processor, the reconstructed sub-image toward
a display as part of a reconstructed video sequence.

[0015] In an embodiment, the disclosure includes a method implemented in an encoder.
The method comprises partitioning, by a processor of the encoder, an image into a plurality of
slices. The method further comprises partitioning, by the processor, the plurality of slices into a
plurality of tiles. The method further comprises encoding, by the processor, the plurality of
slices. The method further comprises encoding, by the processor, a list of IDs in a PPS. The



WO 2020/056357 PCT/US2019/051153

method further comprises encoding, by the processor, a first ID associated with a first slice into
a slice header of the first slice. The first ID matches one of the IDs in the list of IDs in the PPS.
The method further comprises transmitting, by a transmitter, a bitstream including the slice
header, the PPS, and the first slice toward a decoder. Some video coding systems employ slices
that are signaled based on their location relative to a picture. In the event a sub-picture of the
picture is requested, the slices associated with the sub-picture can be sent. However, a slice
header in such systems is written based on an addressing system that assumes all slices are
present. If only a sub-set of the slices are present, a splicer at the server side rewrites the slice
header to comply with a new addressing scheme that omits the extra slices. For example, the
first slice of the sub-picture should be readdressed so that the top left corner is the starting
address regardless of the original address used by the first slice in the base image. The present
disclosure avoids rewriting the slice header when a sub-picture is sent to a decoder. For
example, slices and other sub-partitions can be addressed based on an ID, such as a tile ID.
Further, all such IDs (e.g., tile IDs) are unique in the base picture and increase in value in raster
scan order (e.g., top left to bottom right). As such, the decoder can determine addresses and
boundaries of slices, tiles, coding tree units (CTUs), blocks, etc. even when the first slice does
not contain an origin address. By employing these mechanisms, compression of the video file
can be improved, for example by inferring predictable addresses and/or IDs and omitting such
data from the bitstream. This reduces network communication resource usage as well as
memory resource usage at the encoder and decoder. Further, avoiding rewriting of the slice
header allows some or all of the functions of a splicer to be omitted, which saves significant
system resources on a file server containing the encoded video (e.g., resources are saved for
every user request of the video). Further, such addressing supports parallel processing of
different slices (e.g., as slice addresses are independent), which increases decoding speed at the
decoder.

[0016] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the bitstream lacks one or more second slices of the image and the slice
header of the first slice has not been rewritten due to the bitstream lacking the second slices.
[0017] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein each of the plurality of tiles contains a unique tile ID.

[0018] Optionally, in any of the preceding aspects, another implementation of the aspect

provides, wherein each of the tile IDs for the plurality of tiles increase in raster scan order.
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[0019] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein each of the tile IDs for the plurality of tiles increase monotonously in raster
scan order.

[0020] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the plurality of tiles are each associated with a tile ID, wherein each of the
plurality of tiles include one or more CTUs containing image data, and wherein each CTU is
addressed based on the tile containing the CTU.

[0021] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the bitstream lacks one or more tile IDs associated with the first slice to
support inference of the one or more tile IDs based on a top left tile ID and a bottom right tile
ID of the first slice.

[0022] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein tile IDs for the plurality of tiles of the image are the list of IDs in the PPS.
[0023] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the plurality of tiles are designated with tile indices, wherein the tile IDs of
the plurality of tiles are different than tile indices of the plurality of tiles, and further comprising
encoding, by the processor, a conversion between tile IDs and tile indices in the PPS in the
bitstream.

[0024] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, further comprising encoding in the slice header, by the processor, entry point offsets
of tiles in the first slice.

[0025] In an embodiment, the disclosure includes a video coding device comprising a
processor, a receiver coupled to the processor, and a transmitter coupled to the processor. The
processor, receiver, and transmitter are configured to perform the method of any of the
preceding aspects.

[0026] In an embodiment, the disclosure includes a non-transitory computer readable
medium comprising a computer program product for use by a video coding device, the
computer program product comprising computer executable instructions stored on the non-
transitory computer readable medium such that when executed by a processor cause the video
coding device to perform the method of any of the preceding aspects.

[0027] In an embodiment, the disclosure includes a decoder comprising a receiving means
for receiving a bitstream including a first slice of a coded image. The coded image is
associated with a PPS in the bitstream, and wherein the first slice is associated with a slice

header in the bitstream. The decoder further comprises a parser means for parsing a list of IDs
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explicitly signaled in the PPS, and parsing a first ID from the slice header of the first slice,
wherein the first [D matches one of the IDs in the list of IDs in the PPS. The decoder further
comprises a determination means for determining a list of tiles coded in the first slice based on
the first ID. The decoder further comprises a decoding means for decoding the first slice to
generate a reconstructed sub-image of the coded image.

[0028] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the decoder is further configured to perform the method of any of the
preceding aspects.

[0029] In an embodiment, the disclosure includes an encoder comprising a partitioning
means for partitioning an image into a plurality of slices, and partitioning the plurality of slices
into a plurality of tiles. The encoder also comprises an encoding means for encoding the
plurality of slices, and encoding a list of IDs in a PPS, and encoding a first ID associated with a
first slice into a slice header of the first slice. The first ID matches one of the IDs in the list of
IDs in the PPS. The encoder also comprises a transmitting means for transmitting a bitstream
including the slice header, the PPS, and the first slice toward the decoder.

[0030] Optionally, in any of the preceding aspects, another implementation of the aspect
provides, wherein the encoder is further configured to perform the method of any of the
preceding aspects.

[0031] For the purpose of clarity, any one of the foregoing embodiments may be combined
with any one or more of the other foregoing embodiments to create a new embodiment within
the scope of the present disclosure.

[0032] These and other features will be more clearly understood from the following

detailed description taken in conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] For a more complete understanding of this disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.

[0034] FIG. 1 is a flowchart of an example method of coding a video signal.

[0035] FIG. 2 is a schematic diagram of an example coding and decoding (codec) system
for video coding.

[0036] FIG. 3 is a schematic diagram illustrating an example video encoder.

[0037] FIG. 4 is a schematic diagram illustrating an example video decoder.
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[0038] FIG. 5 is a schematic diagram illustrating an example bitstream containing an
encoded video sequence.

[0039] FIG. 6 is a schematic diagram illustrating an example image partitioned for coding.
[0040] FIG. 7 is a schematic diagram illustrating an example image with a region of
interest signaled without rewriting a slice header.

[0041] FIG. 8 is a schematic diagram of an example video coding device.

[0042] FIG. 9 is a flowchart of an example method of encoding an image into a bitstream
to support signaling a region of interest without rewriting a slice header.

[0043] FIG. 10 is a flowchart of an example method of decoding an image from a bitstream
containing a region of interest signaled without rewriting a slice header.

[0044] FIG. 11 is a schematic diagram of an example system for signaling a region of
interest in a bitstream without rewriting a slice header.

[0045] FIG. 12 is a flowchart of another example method of encoding an image into a
bitstream to support signaling a region of interest without rewriting a slice header.

[0046] FIG. 13 is a flowchart of another example method of decoding an image from a

bitstream containing a region of interest signaled without rewriting a slice header.

DETAILED DESCRIPTION

[0047] It should be understood at the outset that although an illustrative implementation of
one or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated
and described herein, but may be modified within the scope of the appended claims along with
their full scope of equivalents.

[0048] Many video compression techniques can be employed to reduce the size of video
files with minimal loss of data. For example, video compression techniques can include
performing spatial (e.g., intra-picture) prediction and/or temporal (e.g., inter-picture) prediction
to reduce or remove data redundancy in video sequences. For block-based video coding, a
video slice (e.g., a video picture or a portion of a video picture) may be partitioned into video
blocks, which may also be referred to as treeblocks, coding tree blocks (CTBs), coding tree
units (CTUs), coding units (CUs), and/or coding nodes. Video blocks in an intra-coded (I) slice
of a picture are coded using spatial prediction with respect to reference samples in neighboring

blocks in the same picture. Video blocks in an inter-coded unidirectional prediction (P) or
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bidirectional prediction (B) slice of a picture may be coded by employing spatial prediction
with respect to reference samples in neighboring blocks in the same picture or temporal
prediction with respect to reference samples in other reference pictures. Pictures may be
referred to as frames and/or images, and reference pictures may be referred to as reference
frames and/or reference images. Spatial or temporal prediction results in a predictive block
representing an image block. Residual data represents pixel differences between the original
image block and the predictive block. Accordingly, an inter-coded block is encoded according
to a 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
intra-coded block is encoded according to an intra-coding mode and the residual data. For
further compression, the residual data may be transformed from the pixel domain to a transform
domain. These result in residual transform coefficients, which may be quantized. The
quantized transform coefficients may initially be arranged in a two-dimensional array. The
quantized transform coefficients may be scanned in order to produce a one-dimensional vector
of transform coefficients. Entropy coding may be applied to achieve even more compression.
Such video compression techniques are discussed in greater detail below.

[0049] To ensure an encoded video can be accurately decoded, video is encoded and
decoded according to corresponding video coding standards. Video coding standards include
International Telecommunication Union (ITU) Standardization Sector (ITU-T) H.261,
International Organization for Standardization/International Electrotechnical Commission
(ISO/IEC) Motion Picture Experts Group (MPEG)-1 Part 2, ITU-T H.262 or ISO/IEC MPEG-2
Part 2, , ITU-T H.263, ISO/IEC MPEG-4 Part 2, Advanced Video Coding (AVC), also known
as ITU-T H.264 or ISO/IEC MPEG-4 Part 10, and High Efficiency Video Coding (HEVC),
also known as ITU-T H.265 or MPEG-H Part 2. AVC includes extensions such as Scalable
Video Coding (SVC), Multiview Video Coding (MVC) and Multiview Video Coding plus
Depth (MVC+D), and three dimensional (3D) AVC (3D-AVC). HEVC includes extensions
such as Scalable HEVC (SHVC), Multiview HEVC (MV-HEVC), and 3D HEVC (3D-HEVC).
The joint video experts team (JVET) of ITU-T and ISO/IEC has begun developing a video
coding standard referred to as Versatile Video Coding (VVC). VVC is included in a Working
Draft (WD), which includes JVET-K1001-v4 and JVET-K1002-v1.

[0050] In order to code a video image, the image is first partitioned, and the partitions are
coded into a bitstream. Various picture partitioning schemes are available. For example, an
image can be partitioned into regular slices, dependent slices, tiles, and/or according to

Wavefront Parallel Processing (WPP). For simplicity, HEVC restricts encoders so that only
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regular slices, dependent slices, tiles, WPP, and combinations thereof can be used when
partitioning a slice into groups of CTBs for video coding. Such partitioning can be applied to
support Maximum Transfer Unit (MTU) size matching, parallel processing, and reduced end-
to-end delay. MTU denotes the maximum amount of data that can be transmitted in a single
packet. If a packet payload is in excess of the MTU, that payload is split into two packets
through a process called fragmentation.

[0051] A regular slice, also referred to simply as a slice, is a partitioned portion of an image
that can be reconstructed independently from other regular slices within the same picture,
notwithstanding some interdependencies due to loop filtering operations. Each regular slice is
encapsulated in its own Network Abstraction Layer (NAL) unit for transmission. Further, in-
picture prediction (intra sample prediction, motion information prediction, coding mode
prediction) and entropy coding dependency across slice boundaries may be disabled to support
independent reconstruction. Such independent reconstruction supports parallelization. For
example, regular slice based parallelization employs minimal inter-processor or inter-core
communication. However, as each regular slice is independent, each slice is associated with a
separate slice header. The use of regular slices can incur a substantial coding overhead due to
the bit cost of the slice header for each slice and due to the lack of prediction across the slice
boundaries. Further, regular slices may be employed to support matching for MTU size
requirements. Specifically, as a regular slice is encapsulated in a separate NAL unit and can be
independently coded, each regular slice should be smaller than the MTU in MTU schemes to
avoid breaking the slice into multiple packets. As such, the goal of parallelization and the goal
of MTU size matching may place contradicting demands to a slice layout in a picture.

[0052] Dependent slices are similar to regular slices, but have shortened slice headers and
allow partitioning of the image treeblock boundaries without breaking in-picture prediction.
Accordingly, dependent slices allow a regular slice to be fragmented into multiple NAL units,
which provides reduced end-to-end delay by allowing a part of a regular slice to be sent out
before the encoding of the entire regular slice is complete.

[0053] A tile is a partitioned portion of an image created by horizontal and vertical
boundaries that create columns and rows of tiles. Tiles may be coded in raster scan order (right
to left and top to bottom). The scan order of CTBs is local within a tile. Accordingly, CTBs in
a first tile are coded in raster scan order, before proceeding to the CTBs in the next tile. Similar
to regular slices, tiles break in-picture prediction dependencies as well as entropy decoding
dependencies. However, tiles may not be included into individual NAL units, and hence tiles

may not be used for MTU size matching. Each tile can be processed by one processor/core,
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and the inter-processor/inter-core communication employed for in-picture prediction between
processing units decoding neighboring tiles may be limited to conveying a shared slice header
(when adjacent tiles are in the same slice), and performing loop filtering related sharing of
reconstructed samples and metadata. When more than one tile is included in a slice, the entry
point byte offset for each tile other than the first entry point offset in the slice may be signaled
in the slice header. For each slice and tile, at least one of the following conditions should be
fulfilled: 1) all coded treeblocks in a slice belong to the same tile; and 2) all coded treeblocks in
a tile belong to the same slice.

[0054] In WPP, the image is partitioned into single rows of CTBs. Entropy decoding and
prediction mechanisms may use data from CTBs in other rows. Parallel processing is made
possible through parallel decoding of CTB rows. For example, a current row may be decoded
in parallel with a preceding row. However, decoding of the current row is delayed from the
decoding process of the preceding rows by two CTBs. This delay ensures that data related to
the CTB above and the CTB above and to the right of the current CTB in the current row is
available before the current CTB is coded. This approach appears as a wavefront when
represented graphically. This staggered start allows for parallelization with up to as many
processors/cores as the image contains CTB rows. Because in-picture prediction between
neighboring treeblock rows within a picture is permitted, the inter-processor/inter-core
communication to enable in-picture prediction can be substantial. The WPP partitioning does
consider NAL unit sizes. Hence, WPP does not support MTU size matching. However, regular
slices can be used in conjunction with WPP, with certain coding overhead, to implement MTU
size matching as desired.

[0055] Tiles may also include motion constrained tile sets. A motion constrained tile set
(MCTS) is a tile set designed such that associated motion vectors are restricted to point to full-
sample locations inside the MCTS and to fractional-sample locations that require only full-
sample locations inside the MCTS for interpolation. Further, the usage of motion vector
candidates for temporal motion vector prediction derived from blocks outside the MCTS is
disallowed. This way, each MCTS may be independently decoded without the existence of
tiles not included in the MCTS. Temporal MCTSs supplemental enhancement information
(SEI) messages may be used to indicate the existence of MCTSs in the bitstream and signal the
MCTSs. The MCTSs SEI message provides supplemental information that can be used in the
MCTS sub-bitstream extraction (specified as part of the semantics of the SEI message) to
generate a conforming bitstream for an MCTS set. The information includes a number of

extraction information sets, each defining a number of MCTS sets and containing raw bytes

10
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sequence payload (RBSP) bytes of the replacement video parameter set (VPSs), sequence
parameter sets (SPSs), and picture parameter sets (PPSs) to be used during the MCTS sub-
bitstream extraction process. When extracting a sub-bitstream according to the MCTS sub-
bitstream extraction process, parameter sets (VPSs, SPSs, and PPSs) may be rewritten or
replaced, and slice headers may updated because one or all of the slice address related syntax
elements (including first slice segment in_ pic flag and slice segment address) may employ
different values in the extracted sub-bitstream.

[0056] The preceding tiling and slicing mechanisms provide significant flexibility to
support MTU size matching and parallel processing. However, MTU size matching has
become less relevant due to the ever increasing speed and reliability of telecommunication
networks. For example, one of the primary uses of MTU size matching is to support displaying
error-concealed pictures. An error-concealed picture is a decoded picture that is created from a
transmitted coded picture when there is some data loss. Such data loss can include a loss of
some slices of a coded picture or errors in reference pictures used by the coded picture (e.g., the
reference picture is also an error-concealed picture). An error-concealed picture can be created
by displaying the correct slices and estimating the erroneous slices, for example by copying a
slice corresponding to the erroneous slice from the previous picture in the video sequence.
Error-concealed pictures can be generated when each slice is contained in a single NAL unit.
However, if slices are fragmented over multiple NAL units (e.g., no MTU size matching), the
loss of one NAL unit can corrupt multiple slices. Generation of error-concealed pictures is less
relevant in modern network environments as packet loss is a much less common occurrence
and because modern network speeds allow the system to completely omit pictures with errors
without causing significant video freezing as the delay between an erroneous picture and a
following error-less picture is generally small. Further, the process for estimating the quality of
an error-concealed picture may be complicated, and hence simply omitting the erroneous
picture may be preferable. Consequently, video conversational applications, such as video
conferencing and video telephony, and even broadcast applications generally forgo using error-
concealed pictures.

[0057] As error-concealed pictures are less useful, MTU size matching is less useful.
Further, continuing to support MTU size matching paradigms when partitioning may
unnecessarily complicate coding systems and as well as use waste bits that could otherwise be
omitted to increase coding efficiency. In addition, some tiling schemes (e.g., MCTS) allow sub-
pictures of a picture to be displayed. In order to display a sub-picture, slices in a region of

interest are displayed and other slices are omitted. The region of interest may begin at a
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location other than the top left portion of the picture, and may therefore have addresses that are
offset from the start of the picture by a variable value. In order to properly display the sub-
image, a splicer may be used to rewrite the slice header(s) for the region of interest to account
for this offset. A slicing and tiling scheme that did not require such slice header rewriting
would be beneficial. In addition, tile boundaries may not be treated as picture boundaries
unless they are collocated with picture boundaries. However, treating tile boundaries as picture
boundaries may increase coding efficiency in some cases due to the padding of the boundaries
and due to relaxing constraints related to motion vectors that point to samples outside the
boundaries in the reference pictures. Also, HEVC may employ a flag named
end of slice flag at the end of the coded data for each CTU to indicate whether the end of the
slice has been reached. AVC employs this flag at the end of the coded data for each macroblock
(MB) for the same purpose. However, coding of this flag is unnecessary and a waste of bits
when the last CTU/MB is known through other mechanisms. The present disclosure presents
mechanisms to address these and other issues in the video coding arts.

[0058] Disclosed herein are various mechanisms to increase the coding efficiency and
reduce processing overhead associated with the slicing and tiling schemes discussed above.
For example, in some coding systems a region of interest may be sent to a decoder for
decoding. The region of interest is a sub-image of an image. In some systems, the sub-image
addressing scheme is dependent on the position of the sub-image in the image. However, the
decoder expects the sub-image addressing scheme to be independent. For example, the decoder
expects the sub-image addressing to start at a zero position (e.g., a top left corner) and not at an
arbitrary starting position. Accordingly, such systems may rewrite the slice headers for slices
in the sub-image to account for differences in sub-image addressing at the encoder and sub-
image addressing at the decoder. The disclosed mechanisms employ an addressing scheme that
alleviates the need to perform such slice header rewriting for regions of interest. In an example,
slices include an integer number of tiles. In addition, tiles may be assigned tile identifiers (IDs)
that are unique within the image and increasing in raster order. This allows boundaries of the
slices to be signaled based on tile ID and not based on relative position within the image. For
example, boundaries of the slices of the sub-image can be signaled based on a top left tile ID
and a bottom right tile ID. A decoder can then decode the slices based on tile IDs and tile
based addresses regardless of the relative position of the sub-image in the image at the encoder.
In this way, the slice addresses of the sub-image need not be adjusted so that the first slice of
the sub-image is addressed at a zero position (e.g., a top left corner). Hence, slice header

rewriting is avoided. These and other examples are described in detail below.
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[0059] FIG. 1 is a flowchart of an example operating method 100 of coding a video signal.
Specifically, a video signal is encoded at an encoder. The encoding process compresses the
video signal by employing various mechanisms to reduce the video file size. A smaller file size
allows the compressed video file to be transmitted toward a user, while reducing associated
bandwidth overhead. The decoder then decodes the compressed video file to reconstruct the
original video signal for display to an end user. The decoding process generally mirrors the
encoding process to allow the decoder to consistently reconstruct the video signal.

[0060] At step 101, the video signal is input into the encoder. For example, the video
signal may be an uncompressed video file stored in memory. As another example, the video
file may be captured by a video capture device, such as a video camera, and encoded to support
live streaming of the video. The video file may include both an audio component and a video
component. The video component contains a series of image frames that, when viewed in a
sequence, gives the visual impression of motion. The frames contain pixels that are expressed
in terms of light, referred to herein as luma components (or luma samples), and color, which is
referred to as chroma components (or color samples). In some examples, the frames may also
contain depth values to support three dimensional viewing.

[0061] At step 103, the video is partitioned into blocks. Partitioning includes subdividing
the pixels in each frame into square and/or rectangular blocks for compression. For example, in
High Efficiency Video Coding (HEVC) (also known as H.265 and MPEG-H Part 2) the frame
can first be divided into coding tree units (CTUs), which are blocks of a predefined size (e.g.,
sixty-four pixels by sixty-four pixels). The CTUs contain both luma and chroma samples.
Coding trees may be employed to divide the CTUs into blocks and then recursively subdivide
the blocks until configurations are achieved that support further encoding. For example, luma
components of a frame may be subdivided until the individual blocks contain relatively
homogenous lighting values. Further, chroma components of a frame may be subdivided until
the individual blocks contain relatively homogenous color values. Accordingly, partitioning
mechanisms vary depending on the content of the video frames.

[0062] At step 105, various compression mechanisms are employed to compress the image
blocks partitioned at step 103. For example, inter-prediction and/or intra-prediction may be
employed. Inter-prediction is designed to take advantage of the fact that objects in a common
scene tend to appear in successive frames. Accordingly, a block depicting an object in a
reference frame need not be repeatedly described in adjacent frames. Specifically, an object,
such as a table, may remain in a constant position over multiple frames. Hence the table is

described once and adjacent frames can refer back to the reference frame. Pattern matching
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mechanisms may be employed to match objects over multiple frames. Further, moving objects
may be represented across multiple frames, for example due to object movement or camera
movement. As a particular example, a video may show an automobile that moves across the
screen over multiple frames. Motion vectors can be employed to describe such movement. A
motion vector is a two-dimensional vector that provides an offset from the coordinates of an
object in a frame to the coordinates of the object in a reference frame. As such, inter-prediction
can encode an image block in a current frame as a set of motion vectors indicating an offset
from a corresponding block in a reference frame.

[0063] Intra-prediction encodes blocks in a common frame. Intra-prediction takes
advantage of the fact that luma and chroma components tend to cluster in a frame. For
example, a patch of green in a portion of a tree tends to be positioned adjacent to similar
patches of green. Intra-prediction employs multiple directional prediction modes (e.g., thirty-
three in HEVC), a planar mode, and a direct current (DC) mode. The directional modes
indicate that a current block is similar/the same as samples of a neighbor block in a
corresponding direction. Planar mode indicates that a series of blocks along a row/column
(e.g., a plane) can be interpolated based on neighbor blocks at the edges of the row. Planar
mode, in effect, indicates a smooth transition of light/color across a row/column by employing
a relatively constant slope in changing values. DC mode is employed for boundary smoothing
and indicates that a block is similar/the same as an average value associated with samples of all
the neighbor blocks associated with the angular directions of the directional prediction modes.
Accordingly, intra-prediction blocks can represent image blocks as various relational prediction
mode values instead of the actual values. Further, inter-prediction blocks can represent image
blocks as motion vector values instead of the actual values. In either case, the prediction blocks
may not exactly represent the image blocks in some cases. Any differences are stored in
residual blocks. Transforms may be applied to the residual blocks to further compress the file.
[0064] At step 107, various filtering techniques may be applied. In HEVC, the filters are
applied according to an in-loop filtering scheme. The block based prediction discussed above
may result in the creation of blocky images at the decoder. Further, the block based prediction
scheme may encode a block and then reconstruct the encoded block for later use as a reference
block. The in-loop filtering scheme iteratively applies noise suppression filters, de-blocking
filters, adaptive loop filters, and sample adaptive offset (SAQO) filters to the blocks/frames.
These filters mitigate such blocking artifacts so that the encoded file can be accurately

reconstructed. Further, these filters mitigate artifacts in the reconstructed reference blocks so
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that artifacts are less likely to create additional artifacts in subsequent blocks that are encoded
based on the reconstructed reference blocks.

[0065] Once the video signal has been partitioned, compressed, and filtered, the resulting
data is encoded in a bitstream at step 109. The bitstream includes the data discussed above as
well as any signaling data desired to support proper video signal reconstruction at the decoder.
For example, such data may include partition data, prediction data, residual blocks, and various
flags providing coding instructions to the decoder. The bitstream may be stored in memory for
transmission toward a decoder upon request. The bitstream may also be broadcast and/or
multicast toward a plurality of decoders. The creation of the bitstream is an iterative process.
Accordingly, steps 101, 103, 105, 107, and 109 may occur continuously and/or simultaneously
over many frames and blocks. The order shown in FIG. 1 is presented for clarity and ease of
discussion, and is not intended to limit the video coding process to a particular order.

[0066] The decoder receives the bitstream and begins the decoding process at step 111.
Specifically, the decoder employs an entropy decoding scheme to convert the bitstream into
corresponding syntax and video data. The decoder employs the syntax data from the bitstream
to determine the partitions for the frames at step 111. The partitioning should match the results
of block partitioning at step 103. Entropy encoding/decoding as employed in step 111 is now
described. The encoder makes many choices during the compression process, such as selecting
block partitioning schemes from several possible choices based on the spatial positioning of
values in the input image(s). Signaling the exact choices may employ a large number of bins.
As used herein, a bin is a binary value that is treated as a variable (e.g., a bit value that may
vary depending on context). Entropy coding allows the encoder to discard any options that are
clearly not viable for a particular case, leaving a set of allowable options. Each allowable
option is then assigned a code word. The length of the code words is based on the number of
allowable options (e.g., one bin for two options, two bins for three to four options, etc.) The
encoder then encodes the code word for the selected option. This scheme reduces the size of
the code words as the code words are as big as desired to uniquely indicate a selection from a
small sub-set of allowable options as opposed to uniquely indicating the selection from a
potentially large set of all possible options. The decoder then decodes the selection by
determining the set of allowable options in a similar manner to the encoder. By determining
the set of allowable options, the decoder can read the code word and determine the selection
made by the encoder.

[0067] At step 113, the decoder performs block decoding. Specifically, the decoder

employs reverse transforms to generate residual blocks. Then the decoder employs the residual
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blocks and corresponding prediction blocks to reconstruct the image blocks according to the
partitioning. The prediction blocks may include both intra-prediction blocks and inter-
prediction blocks as generated at the encoder at step 105. The reconstructed image blocks are
then positioned into frames of a reconstructed video signal according to the partitioning data
determined at step 111. Syntax for step 113 may also be signaled in the bitstream via entropy
coding as discussed above.

[0068] At step 115, filtering is performed on the frames of the reconstructed video signal in
a manner similar to step 107 at the encoder. For example, noise suppression filters, de-
blocking filters, adaptive loop filters, and SAO filters may be applied to the frames to remove
blocking artifacts. Once the frames are filtered, the video signal can be output to a display at
step 117 for viewing by an end user.

[0069] FIG. 2 is a schematic diagram of an example coding and decoding (codec) system
200 for video coding. Specifically, codec system 200 provides functionality to support the
implementation of operating method 100. Codec system 200 is generalized to depict
components employed in both an encoder and a decoder. Codec system 200 receives and
partitions a video signal as discussed with respect to steps 101 and 103 in operating method
100, which results in a partitioned video signal 201. Codec system 200 then compresses the
partitioned video signal 201 into a coded bitstream when acting as an encoder as discussed with
respect to steps 105, 107, and 109 in method 100. When acting as a decoder codec system 200
generates an output video signal from the bitstream as discussed with respect to steps 111, 113,
115, and 117 in operating method 100. The codec system 200 includes a general coder control
component 211, a transform scaling and quantization component 213, an intra-picture
estimation component 215, an intra-picture prediction component 217, a motion compensation
component 219, a motion estimation component 221, a scaling and inverse transform
component 229, a filter control analysis component 227, an in-loop filters component 225, a
decoded picture buffer component 223, and a header formatting and context adaptive binary
arithmetic coding (CABAC) component 231. Such components are coupled as shown. In FIG.
2, black lines indicate movement of data to be encoded/decoded while dashed lines indicate
movement of control data that controls the operation of other components. The components of
codec system 200 may all be present in the encoder. The decoder may include a subset of the
components of codec system 200. For example, the decoder may include the intra-picture
prediction component 217, the motion compensation component 219, the scaling and inverse
transform component 229, the in-loop filters component 225, and the decoded picture buffer

component 223. These components are now described.
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[0070] The partitioned video signal 201 is a captured video sequence that has been
partitioned into blocks of pixels by a coding tree. A coding tree employs various split modes to
subdivide a block of pixels into smaller blocks of pixels. These blocks can then be further
subdivided into smaller blocks. The blocks may be referred to as nodes on the coding tree.
Larger parent nodes are split into smaller child nodes. The number of times a node is
subdivided is referred to as the depth of the node/coding tree. The divided blocks can be
included in coding units (CUs) in some cases. For example, a CU can be a sub-portion of a
CTU that contains a luma block, red difference chroma (Cr) block(s), and a blue difference
chroma (Cb) block(s) along with corresponding syntax instructions for the CU. The split
modes may include a binary tree (BT), triple tree (TT), and a quad tree (QT) employed to
partition a node into two, three, or four child nodes, respectively, of varying shapes depending
on the split modes employed. The partitioned video signal 201 is forwarded to the general
coder control component 211, the transform scaling and quantization component 213, the intra-
picture estimation component 215, the filter control analysis component 227, and the motion
estimation component 221 for compression.

[0071] The general coder control component 211 is configured to make decisions related to
coding of the images of the video sequence into the bitstream according to application
constraints. For example, the general coder control component 211 manages optimization of
bitrate/bitstream size versus reconstruction quality. Such decisions may be made based on
storage space/bandwidth availability and image resolution requests. The general coder control
component 211 also manages buffer utilization in light of transmission speed to mitigate buffer
underrun and overrun issues. To manage these issues, the general coder control component 211
manages partitioning, prediction, and filtering by the other components. For example, the
general coder control component 211 may dynamically increase compression complexity to
increase resolution and increase bandwidth usage or decrease compression complexity to
decrease resolution and bandwidth usage. Hence, the general coder control component 211
controls the other components of codec system 200 to balance video signal reconstruction
quality with bit rate concerns. The general coder control component 211 creates control data,
which controls the operation of the other components. The control data is also forwarded to the
header formatting and CABAC component 231 to be encoded in the bitstream to signal
parameters for decoding at the decoder.

[0072] The partitioned video signal 201 is also sent to the motion estimation component
221 and the motion compensation component 219 for inter-prediction. A frame or slice of the

partitioned video signal 201 may be divided into multiple video blocks. Motion estimation
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component 221 and the motion compensation component 219 perform inter-predictive coding
of the received video block relative to one or more blocks in one or more reference frames to
provide temporal prediction. Codec system 200 may perform multiple coding passes, e.g., to
select an appropriate coding mode for each block of video data.

[0073] Motion estimation component 221 and motion compensation component 219 may
be highly integrated, but are illustrated separately for conceptual purposes. Motion estimation,
performed by motion estimation component 221, is the process of generating motion vectors,
which estimate motion for video blocks. A motion vector, for example, may indicate the
displacement of a coded object relative to a predictive block. A predictive block is a block that
is found to closely match the block to be coded, in terms of pixel difference. A predictive block
may also be referred to as a reference block. Such pixel difference may be determined by sum
of absolute difference (SAD), sum of square difference (SSD), or other difference metrics.
HEVC employs several coded objects including a CTU, coding tree blocks (CTBs), and CUs.
For example, a CTU can be divided into CTBs, which can then be divided into CBs for
inclusion in CUs. A CU can be encoded as a prediction unit (PU) containing prediction data
and/or a transform unit (TU) containing transformed residual data for the CU. The motion
estimation component 221 generates motion vectors, PUs, and TUs by using a rate-distortion
analysis as part of a rate distortion optimization process. For example, the motion estimation
component 221 may determine multiple reference blocks, multiple motion vectors, etc. for a
current block/frame, and may select the reference blocks, motion vectors, etc. having the best
rate-distortion characteristics. The best rate-distortion characteristics balance both quality of
video reconstruction (e.g., amount of data loss by compression) with coding efficiency (e.g.,
size of the final encoding).

[0074] In some examples, codec system 200 may calculate values for sub-integer pixel
positions of reference pictures stored in decoded picture buffer component 223. For example,
video codec system 200 may interpolate values of one-quarter pixel positions, one-eighth pixel
positions, or other fractional pixel positions of the reference picture. Therefore, motion
estimation component 221 may perform a motion search relative to the full pixel positions and
fractional pixel positions and output a motion vector with fractional pixel precision. The
motion estimation component 221 calculates a motion vector for a PU of a video block in an
inter-coded slice by comparing the position of the PU to the position of a predictive block of a
reference picture. Motion estimation component 221 outputs the calculated motion vector as
motion data to header formatting and CABAC component 231 for encoding and motion to the

motion compensation component 219.

18



WO 2020/056357 PCT/US2019/051153

[0075] Motion compensation, performed by motion compensation component 219, may
involve fetching or generating the predictive block based on the motion vector determined by
motion estimation component 221. Again, motion estimation component 221 and motion
compensation component 219 may be functionally integrated, in some examples. Upon
receiving the motion vector for the PU of the current video block, motion compensation
component 219 may locate the predictive block to which the motion vector points. A residual
video block is then formed by subtracting pixel values of the predictive block from the pixel
values of the current video block being coded, forming pixel difference values. In general,
motion estimation component 221 performs motion estimation relative to luma components,
and motion compensation component 219 uses motion vectors calculated based on the luma
components for both chroma components and luma components. The predictive block and
residual block are forwarded to transform scaling and quantization component 213.

[0076] The partitioned video signal 201 is also sent to intra-picture estimation component
215 and intra-picture prediction component 217. As with motion estimation component 221
and motion compensation component 219, intra-picture estimation component 215 and intra-
picture prediction component 217 may be highly integrated, but are illustrated separately for
conceptual purposes. The intra-picture estimation component 215 and intra-picture prediction
component 217 intra-predict a current block relative to blocks in a current frame, as an
alternative to the inter-prediction performed by motion estimation component 221 and motion
compensation component 219 between frames, as described above. In particular, the intra-
picture estimation component 215 determines an intra-prediction mode to use to encode a
current block. In some examples, intra-picture estimation component 215 selects an
appropriate intra-prediction mode to encode a current block from multiple tested intra-
prediction modes. The selected intra-prediction modes are then forwarded to the header
formatting and CABAC component 231 for encoding.

[0077] For example, the intra-picture estimation component 215 calculates rate-distortion
values using a rate-distortion analysis for the various tested intra-prediction modes, and selects
the intra-prediction mode having the best rate-distortion characteristics among the tested
modes. Rate-distortion analysis 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 bitrate (e.g., a number of bits) used to produce the encoded block.
The intra-picture estimation component 215 calculates ratios from the distortions and rates for
the various encoded blocks to determine which intra-prediction mode exhibits the best rate-

distortion value for the block. In addition, intra-picture estimation component 215 may be
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configured to code depth blocks of a depth map using a depth modeling mode (DMM) based on
rate-distortion optimization (RDO).

[0078] The intra-picture prediction component 217 may generate a residual block from the
predictive block based on the selected intra-prediction modes determined by intra-picture
estimation component 215 when implemented on an encoder or read the residual block from
the bitstream when implemented on a decoder. The residual block includes the difference in
values between the predictive block and the original block, represented as a matrix. The
residual block is then forwarded to the transform scaling and quantization component 213. The
intra-picture estimation component 215 and the intra-picture prediction component 217 may
operate on both luma and chroma components.

[0079] The transform scaling and quantization component 213 is configured to further
compress the residual block. The transform scaling and quantization component 213 applies a
transform, such as a discrete cosine transform (DCT), a discrete sine transform (DST), or a
conceptually similar transform, to the residual block, producing a video block comprising
residual transform coefficient values. Wavelet transforms, integer transforms, sub-band
transforms or other types of transforms could also be used. The transform may convert the
residual information from a pixel value domain to a transform domain, such as a frequency
domain. The transform scaling and quantization component 213 is also configured to scale the
transformed residual information, for example based on frequency. Such scaling involves
applying a scale factor to the residual information so that different frequency information is
quantized at different granularities, which may affect final visual quality of the reconstructed
video. The transform scaling and quantization component 213 is also configured to quantize
the transform coefficients to further reduce bit rate. The quantization process may reduce the
bit depth associated with some or all of the coefficients. The degree of quantization may be
modified by adjusting a quantization parameter. In some examples, the transform scaling and
quantization component 213 may then perform a scan of the matrix including the quantized
transform coefficients. The quantized transform coefficients are forwarded to the header
formatting and CABAC component 231 to be encoded in the bitstream.

[0080] The scaling and inverse transform component 229 applies a reverse operation of the
transform scaling and quantization component 213 to support motion estimation. The scaling
and inverse transform component 229 applies inverse scaling, transformation, and/or
quantization to reconstruct the residual block in the pixel domain, e.g., for later use as a
reference block which may become a predictive block for another current block. The motion

estimation component 221 and/or motion compensation component 219 may calculate a
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reference block by adding the residual block back to a corresponding predictive block for use in
motion estimation of a later block/frame. Filters are applied to the reconstructed reference
blocks to mitigate artifacts created during scaling, quantization, and transform. Such artifacts
could otherwise cause inaccurate prediction (and create additional artifacts) when subsequent
blocks are predicted.

[0081] The filter control analysis component 227 and the in-loop filters component 225
apply the filters to the residual blocks and/or to reconstructed image blocks. For example, the
transformed residual block from the scaling and inverse transform component 229 may be
combined with a corresponding prediction block from intra-picture prediction component 217
and/or motion compensation component 219 to reconstruct the original image block. The
filters may then be applied to the reconstructed image block. In some examples, the filters may
instead be applied to the residual blocks. As with other components in FIG. 2, the filter control
analysis component 227 and the in-loop filters component 225 are highly integrated and may be
implemented together, but are depicted separately for conceptual purposes. Filters applied to
the reconstructed reference blocks are applied to particular spatial regions and include multiple
parameters to adjust how such filters are applied. The filter control analysis component 227
analyzes the reconstructed reference blocks to determine where such filters should be applied
and sets corresponding parameters. Such data is forwarded to the header formatting and
CABAC component 231 as filter control data for encoding. The in-loop filters component 225
applies such filters based on the filter control data. The filters may include a deblocking filter,
a noise suppression filter, a SAQO filter, and an adaptive loop filter. Such filters may be applied
in the spatial/pixel domain (e.g., on a reconstructed pixel block) or in the frequency domain,
depending on the example.

[0082] When operating as an encoder, the filtered reconstructed image block, residual
block, and/or prediction block are stored in the decoded picture buffer component 223 for later
use in motion estimation as discussed above. When operating as a decoder, the decoded picture
buffer component 223 stores and forwards the reconstructed and filtered blocks toward a
display as part of an output video signal. The decoded picture buffer component 223 may be
any memory device capable of storing prediction blocks, residual blocks, and/or reconstructed
image blocks.

[0083] The header formatting and CABAC component 231 receives the data from the
various components of codec system 200 and encodes such data into a coded bitstream for
transmission toward a decoder. Specifically, the header formatting and CABAC component

231 generates various headers to encode control data, such as general control data and filter
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control data. Further, prediction data, including intra-prediction and motion data, as well as
residual data in the form of quantized transform coefficient data are all encoded in the
bitstream. The final bitstream includes all information desired by the decoder to reconstruct the
original partitioned video signal 201. Such information may also include intra-prediction mode
index tables (also referred to as codeword mapping tables), definitions of encoding contexts for
various blocks, indications of most probable intra-prediction modes, an indication of partition
information, etc. Such data may be encoded by employing entropy coding. For example, the
information may be encoded by employing context adaptive variable length coding (CAVLC),
CABAC, syntax-based context-adaptive binary arithmetic coding (SBAC), probability interval
partitioning entropy (PIPE) coding, or another entropy coding technique. Following the
entropy coding, the coded bitstream may be transmitted to another device (e.g., a video
decoder) or archived for later transmission or retrieval.

[0084] FIG. 3 is a block diagram illustrating an example video encoder 300. Video
encoder 300 may be employed to implement the encoding functions of codec system 200
and/or implement steps 101, 103, 105, 107, and/or 109 of operating method 100. Encoder 300
partitions an input video signal, resulting in a partitioned video signal 301, which is
substantially similar to the partitioned video signal 201. The partitioned video signal 301 is
then compressed and encoded into a bitstream by components of encoder 300.

[0085] Specifically, the partitioned video signal 301 is forwarded to an intra-picture
prediction component 317 for intra-prediction. The intra-picture prediction component 317
may be substantially similar to intra-picture estimation component 215 and intra-picture
prediction component 217. The partitioned video signal 301 is also forwarded to a motion
compensation component 321 for inter-prediction based on reference blocks in a decoded
picture buffer component 323. The motion compensation component 321 may be substantially
similar to motion estimation component 221 and motion compensation component 219. The
prediction blocks and residual blocks from the intra-picture prediction component 317 and the
motion compensation component 321 are forwarded to a transform and quantization component
313 for transform and quantization of the residual blocks. The transform and quantization
component 313 may be substantially similar to the transform scaling and quantization
component 213. The transformed and quantized residual blocks and the corresponding
prediction blocks (along with associated control data) are forwarded to an entropy coding
component 331 for coding into a bitstream. The entropy coding component 331 may be

substantially similar to the header formatting and CABAC component 231.
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[0086] The transformed and quantized residual blocks and/or the corresponding prediction
blocks are also forwarded from the transform and quantization component 313 to an inverse
transform and quantization component 329 for reconstruction into reference blocks for use by
the motion compensation component 321. The inverse transform and quantization component
329 may be substantially similar to the scaling and inverse transform component 229. In-loop
filters in an in-loop filters component 325 are also applied to the residual blocks and/or
reconstructed reference blocks, depending on the example. The in-loop filters component 325
may be substantially similar to the filter control analysis component 227 and the in-loop filters
component 225. The in-loop filters component 325 may include multiple filters as discussed
with respect to in-loop filters component 225. The filtered blocks are then stored in a decoded
picture buffer component 323 for use as reference blocks by the motion compensation
component 321. The decoded picture buffer component 323 may be substantially similar to the
decoded picture buffer component 223.

[0087] FIG. 4 is a block diagram illustrating an example video decoder 400. Video
decoder 400 may be employed to implement the decoding functions of codec system 200
and/or implement steps 111, 113, 115, and/or 117 of operating method 100. Decoder 400
receives a bitstream, for example from an encoder 300, and generates a reconstructed output
video signal based on the bitstream for display to an end user.

[0088] The bitstream is received by an entropy decoding component 433. The entropy
decoding component 433 is configured to implement an entropy decoding scheme, such as
CAVLC, CABAC, SBAC, PIPE coding, or other entropy coding techniques. For example, the
entropy decoding component 433 may employ header information to provide a context to
interpret additional data encoded as codewords in the bitstream. The decoded information
includes any desired information to decode the video signal, such as general control data, filter
control data, partition information, motion data, prediction data, and quantized transform
coefficients from residual blocks. The quantized transform coefficients are forwarded to an
inverse transform and quantization component 429 for reconstruction into residual blocks. The
inverse transform and quantization component 429 may be similar to inverse transform and
quantization component 329.

[0089] The reconstructed residual blocks and/or prediction blocks are forwarded to intra-
picture prediction component 417 for reconstruction into image blocks based on intra-
prediction operations. The intra-picture prediction component 417 may be similar to intra-
picture estimation component 215 and an intra-picture prediction component 217. Specifically,

the intra-picture prediction component 417 employs prediction modes to locate a reference
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block in the frame and applies a residual block to the result to reconstruct intra-predicted image
blocks. The reconstructed intra-predicted image blocks and/or the residual blocks and
corresponding inter-prediction data are forwarded to a decoded picture buffer component 423
via an in-loop filters component 425, which may be substantially similar to decoded picture
buffer component 223 and in-loop filters component 225, respectively. The in-loop filters
component 425 filters the reconstructed image blocks, residual blocks and/or prediction blocks,
and such information is stored in the decoded picture buffer component 423. Reconstructed
image blocks from decoded picture buffer component 423 are forwarded to a motion
compensation component 421 for inter-prediction. The motion compensation component 421
may be substantially similar to motion estimation component 221 and/or motion compensation
component 219. Specifically, the motion compensation component 421 employs motion
vectors from a reference block to generate a prediction block and applies a residual block to the
result to reconstruct an image block. The resulting reconstructed blocks may also be forwarded
via the in-loop filters component 425 to the decoded picture buffer component 423. The
decoded picture buffer component 423 continues to store additional reconstructed image
blocks, which can be reconstructed into frames via the partition information. Such frames may
also be placed in a sequence. The sequence is output toward a display as a reconstructed output
video signal.

[0090] FIG. 5 is a schematic diagram illustrating an example bitstream 500 containing an
encoded video sequence. For example, the bitstream 500 can be generated by a codec system
200 and/or an encoder 300 for decoding by a codec system 200 and/or a decoder 400. As
another example, the bitstream 500 may be generated by an encoder at step 109 of method 100
for use by a decoder at step 111.

[0091] The bitstream 500 includes a sequence parameter set (SPS) 510, a plurality of
picture parameter sets (PPSs) 512, a plurality of slice headers 514, and image data 520. An
SPS 510 contains sequence data common to all the pictures in the video sequence contained in
the bitstream 500. Such data can include picture sizing, bit depth, coding tool parameters, bit
rate restrictions, etc. The PPS 512 contains parameters that are specific to each picture. Hence,
there may be one PPS 512 per picture in the video sequence. The PPS 512 can indicate coding
tools available for slices in corresponding pictures, quantization parameters, offsets, picture
specific coding tool parameters (e.g., filter controls), etc.  The slice header 514 contains
parameters that are specific to each slice in a picture. Hence, there may be one slice header 514

per slice in the video sequence. The slice header 514 may contain slice type information,
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picture order counts (POCs), reference picture lists, prediction weights, tile entry points,
deblocking parameters, etc.

[0092] The image data 520 contains video data encoded according to inter-prediction
and/or intra-prediction as well as corresponding transformed and quantized residual data. Such
image data 520 is sorted according to the partitioning used to partition the image prior to
encoding. For example, the image in the image data 520 is divided into slices 521. Each slice
521 is further divided into tiles 523. The tiles 523 are further divided into CTUs 527. The
CTUs 527 are further divided into coding blocks based on coding trees. The coding blocks can
then be encoded/decoded according to prediction mechanisms. An image/picture can contain
one or more slices 521. One slice header 514 is employed per slice 521. Each slice 521 can
contain one or more tiles 523, which can then contain a plurality of CTUs 527.

[0093] Each slice 521 may be a rectangle defined by a tile 523 at an upper left corner and a
tile 523 at a bottom right corner. Unlike in other coding systems, a slice 521 may not traverse
the entire width of a picture. A slice 521 is the smallest unit that can be separately displayed by
a decoder. Hence, splitting slices 521 into smaller units allows for sub-pictures to be generated
in a manner that is granular enough to display desired areas of a picture. For example, in a
virtual reality (VR) context, a picture may contain an entire viewable sphere of data, but a user
may only view a sub-picture on a head mounted display. Smaller slices 521 allows for such
sub-pictures to be separately signaled. A slice 521 is also generally signaled in a separate VCL
NAL unit 533. Also, a slice 521 may not allow prediction based on other slices 521, which
allows each slice 521 to be coded independently of other slices 521.

[0094] The slices 521 are partitioned into an integer number of tiles 523. A tile 523 is a
partitioned portion of a slice 521 created by horizontal and vertical boundaries. Tiles 523 may
be coded in raster scan order, and may or may not allow prediction based on other tiles 523,
depending on the example. Each tile 523 may have a unique tile ID 524 in the picture. A tile
ID 524 is a numerical identifier that can be used to distinguish one tile 523 from another. A
tile ID 524 may take the value of a tile index that increases numerically in raster scan order.
Raster scan order is left to right and top to bottom. The tile IDs 524 may also employ other
numerical values. However, the tile ID 524 should always increase in raster scan order to
support the computations discussed herein. For example, the boundaries of the slice 521 can be
determined according to the tile ID 524 of the tile 523 at the upper left corner of the slice 521
and the tile ID 524 of the tile 523 at the bottom right corner of the slice 521. When the tile ID
524 is a different value from a tile index, a conversion mechanism can be signaled in the

bitstream 500, for example in the PPS 512. Further, each tile 523 may be associated with an
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entry point offset 525. The entry point offset 525 indicates the location of the first bit of coded
data associated with the tile 523. The first tile 523 may have an entry point offset 525 of zero
and further tiles 523 may each have an entry point offset 525 equal to the number of bits of
coded data in preceding tiles 523. As such, the number of entry point offsets 525 can be
inferred to be one less than the number of tiles 523.

[0095] Tiles 523 are further divided into CTUs 527. A CTU 527 is a sub-portion of a tile
523 that can be further subdivided by a coding tree structure into coding blocks that can be
encoded by an encoder and decoded by a decoder. The CTUs 527 are each associated with a
CTU address 529. A CTU address 529 denotes the location of a corresponding CTU 527 in the
bitstream 500. Specifically, a CTU address 529 may denote the location of a corresponding
CTU 527 in a VCL NAL unit 533. In some examples, the CTU addresses 529 for the CTUs
527 may be explicitly signaled, for example in the PPS 512. In other examples, CTU addresses
529 can be derived by the decoder. For example, the CTU addresses 529 can be assigned based
on the tile ID 524 of the tile 523 that contains the corresponding CTUs 527. In such a case, the
decoder can determine the tiles 523 in a slice 521 based on the tile IDs 524 of the upper left and
bottom right tiles 523. The decoder can then use the determined tiles 523 in the slice 521 to
determine the number of CTUs 527 in the slice 521. Further, the decoder can use the known
tile IDs 524 and the number of CTUs 527 to determine the CTU addresses 529. In addition, as
the decoder is aware of the number of CTUs 527, a flag that indicates whether each CTU 527 is
the last CTU 527 in a VCL NAL unit 533 can be omitted. This is because the decoder can
determine which CTU 527 is the last CTU 527 in a VCL NAL unit 533 by being aware of the
number of CTUs 527 in the slice 521, which is contained in the VCL NAL unit 533. However,
a padding bit may be placed after the last CTU 527 in a tile 523 in order to assist in
distinguishing between tiles 523 in some examples. As can be seen, signaling slice 521
boundaries based on tile IDs 524 can allow the decoder to infer a significant amount of data,
which can then be omitted from the bitstream 500 in order to increase coding efficiency.

[0096] The bitstream 500 is positioned into VCL NAL units 533 and Non-VCL NAL units
531. A NAL unit is a coded data unit sized to be placed as a payload for a single packet for
transmission over a network. A VCL NAL unit 533 is a NAL unit that contains coded video
data. For example, each VCL NAL unit 533 may contain one slice 521 of data including
corresponding tiles 523, CTUs 527 and coding blocks. A Non-VCL NAL unit 531 is a NAL
unit that contains supporting syntax, but does not contain coded video data. For example, a
Non-VCL NAL unit 531 may contain the SPS 510, a PPS 512, a slice header 514, etc. As
such, the decoder receives the bitstream 500 in discrete VCL NAL unit 533 and Non-VCL
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NAL units 531. In streaming applications, the decoder may decode a present video data
without waiting for the entire bitstream 500 to be received. As such, tile IDs 524, entry point
offsets 525, and CTU addresses 529 allow the decoder to correctly locate the video data in the
VCL NAL unit 533 for fast decoding, parallel processing, and other video display mechanisms.
Accordingly, computing tile IDs 524, entry point offsets 525, and/or CTU addresses 529 allows
for the implementation of efficient decoding and display mechanisms while reducing the size of
the bitstream 500 and hence increasing coding efficiency.

[0097] FIG. 6 is a schematic diagram illustrating an example image 600 partitioned for
coding. For example, an image 600 can be encoded in and decoded from a bitstream 500, for
example by a codec system 200, an encoder 300, and/or a decoder 400. Further, the image 600
can be partitioned to support encoding and decoding according to method 100.

[0098] The image 600 can be partitioned into slices 621, tiles 623, and CTUs 627, which
may be substantially similar to slices 521, tiles 523, and CTUs 527, respectively. In FIG. 6, the
slices 621 are depicted by bold lines with alternative white backgrounds and hashing to
graphically differentiate between slices 621. The tiles 623 are shown by dashed lines. Tile 623
boundaries positioned on slice 621 boundaries are depicted as dashed bold lines and tile 623
boundaries that are not positioned on slice 621 boundaries are depicted as non-bold dashed
lines. The CTU 627 boundaries are depicted as solid non-bold lines except for locations where
the CTU 627 boundaries are covered by tile 623 or slice 621 boundaries. In this example,
image 600 includes nine slices 621, twenty four tiles 623, and two hundred sixteen CTUs 627.
[0099] As shown, a slice 621 is a rectangle with boundaries that may be defined by the
included tiles 623. The slice 621 may not extend across the entire width of the image 600.
Tiles 623 can be generated in the slices 621 according to rows and columns. CTUs 627 can
then be partitioned from the tiles 623 to create image 600 partitions suitable to be subdivided
into coding blocks for coding according to inter-prediction and/or intra-prediction.

[00100] By employing the forgoing, video coding systems can be improved. For example,
slices are designed such that CTUs contained in a slice may not be simply a set of CTUs of a
picture following a CTU raster scan order of the picture. But rather a slice is defined as a set of
CTUs that cover a rectangular region of a picture. Further, each slice is in its own NAL unit.
Also, the addresses of the CTUs contained in a slice can be signaled by signaling, in the slice
header, the CTU addresses in raster scan order of the top-left and bottom-right CTUs in the
slice. Further, slices are designed to contain and only contain a set of complete tiles covering a
rectangular region of a picture. Each slice is in its own NAL unit. This way, the purpose of

having more than one slice may be to put a set of tiles covering a rectangular region of a picture
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into a NAL unit. In some cases, there are one or more slices in a picture, and each of these
slices can contain a set of complete tiles covering a rectangular region. There may also be one
other slice in the picture covering the rest of the tiles of the picture. The region covered by this
slice may be a rectangular region with a hole that is covered by other slices. For example, for
region of interest purposes, a picture may contain two slices in which one slice contains a set of
complete tiles covering the region of interest and the other slice contains the remaining tiles of
the picture.

[00101] The addresses of the CTUs contained in a slice may be explicitly or implicitly
signaled by the tile IDs of the tiles contained in the slice. For efficient signaling, only the tile
IDs of the top-left and the bottom-right tiles may be signaled in some examples. For further
improved signaling efficiency, a flag indicating whether the slice contains a single tile can
signaled, and if yes, only one tile ID may be signaled. In other cases, all tile IDs contained in a
slice are signaled. In some examples, tile ID values are assigned to be the same as the tile
index within the picture. The length, in bits, for explicitly signaling tile IDs in a slice header for
derivation of the addresses of the CTUs contained in a slice, can be derived according to the
number of tiles in the picture (e.g., cell of log two of number of tiles in a picture). The number
of tiles in the picture can be either explicitly signaled in a parameter set or derived per the tile
configuration signaled in a parameter set. In some examples, the length, in bits, for explicitly
signaling tile IDs in a slice header for derivation of the addresses of the CTUs contained in a
slice can be signaled in a parameter set. In some examples, the number of entry points, which
is equal to the number of tiles in the slice minus 1, is derived and is not signaled in the slice
header. In another example, signaling of a flag for each CTU indicating whether the CTU is
the end of a slice is avoided.

[00102] In some examples, slices and tiles are designed such that rewriting of the slice
headers is not needed when extracting a set of tiles, such as motion constrained tile sets
(MCTSs), from a bitstream to create a conforming sub-bitstream. For example, the tile ID may
be explicitly signaled for each tile in the parameter set in which the tile configuration is
signaled. The tile IDs are each unique within a picture. Tile IDs may not be continuous within
a picture. However, tile IDs should be organized in increasing order (e.g., monotonously
increasing) in the direction of the tile raster scan of a picture. With this, the decoding order of
slices in a picture can be restricted to be in increasing value of the tile ID of the top-left tile.
When the tile ID is not explicitly signaled and inferred to be the same as tile index, the
following can be used for signaling tile ID values in slice headers. A flag indicating whether

the slice is the first slice of the picture can be signaled. When the flag indicating that the slice
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is the first slice of the picture, the signaling of the tile ID of the top left tile of the slice can be
omitted as it can be inferred to be the tile with lowest tile index (e.g., tile index zero — assuming
tile index starts from zero).

[00103] In another example, a picture may contain zero, one, or more MCTSs. An MCTS
may contain one or more tiles. When a tile in a slice is part of an MCTS, the MCTS is
constrained so that all tiles in the slice are part of the same MCTS. The slice may be further
constrained so that the tile configuration for all pictures containing tiles of an MCTS is the
same regarding the positions and sizes of the tiles within the MCTS. In some examples, the
slice is constrained such that an MCTS is exclusively contained in a slice. This has two
consequences. In this case, each MCTS is in a separate NAL unit. Further, each MCTS is in
rectangular shape.

[00104] The signaling of MCTSs may be as follows. A flag can be signaled in a slice
header to indicate whether the slice contains NAL units with an MCTS in the access unit
containing the corresponding slice. Other supporting information for MCTS (e.g., profile, tier
and level information of sub-bitstream resulting from extracting the MCTS) is signaled in an
SEI message. Alternatively, both the flag indication and supporting information of MCTS can
be signaled in an SEI message. To enable signaling of treatment of MCTS boundaries as
picture boundaries a syntax element indicating whether all tile boundaries are treated the same
as picture boundaries is signaled, for example in the parameter set wherein tile configuration is
signaled. In addition, a syntax element indicating whether all slice boundaries of a slice are
treated the same as picture boundaries may be signaled in the slice header, for example when
other syntax elements do not indicate that all tile boundaries are treated the same as picture
boundaries.

[00105] A syntax element indicating whether the in-loop filtering operations may be applied
across each tile boundary may be signaled only when syntax does not otherwise indicate that all
tile boundaries are treated the same as picture boundaries. In this case, treating a tile boundary
as the picture boundary indicates that, among other aspects, no in-loop filtering operations may
be applied across each tile boundary. In other examples, a syntax element indicating whether
the in-loop filtering operations may be applied across each tile boundary is signaled
independently of indications of whether all tile boundaries are treated the same as picture
boundaries. In this case, treating a tile boundary as picture boundary indicates that in-loop
filtering operations may still be applied across each tile boundary.

[00106] In some examples, an MCTS boundary is treated as a picture boundary. Further, the

syntax element in the slice header that indicates whether the slice boundary is treated the same
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as picture boundary can also be made conditional to the flag that indicates whether the slice
contains MCTS. In some cases, the value of a flag indicating that the MCTS boundary is to be
treated as a picture boundary can be inferred when the flag in the slice header indicates the slice
contains MCTS.
[00107] When the boundaries of a tile or slice are indicated to be treated as picture
boundaries, the following applies. In the derivation process for temporal luma motion vector
prediction, the right and bottom picture boundary positions used in the process, indicated by
pic_height in luma samples—1 and pic width in luma samples — 1, respectively, are
replaced with the right and the bottom boundary positions, respectively, of the tile or slice, in
units of luma samples. In the luma sample interpolation process, the left, right, top, and bottom
picture  boundary  positions used in  the  process, indicated by O,
pic_height in luma samples—1, 0, pic width in luma samples — 1, respectively, are
replaced with the left, right, top, and bottom boundary positions, respectively, of the tile or
slice, in units of luma samples, respectively. In the chroma sample interpolation process, the
left, right, top, and bottom picture boundary positions used in the process, indicated by 0,
pic_height in_luma samples/ SubWidthC — 1, 0, pic_width_in_luma samples / SubWidthC
1, respectively, are replaced with the left, right, top, and bottom boundary positions,
respectively, of the tile or slice, in units of chroma samples, respectively.
[00108] The preceding mechanisms can be implemented as follows. A slice is defined as an
integer number of tiles that cover a rectangular region of a picture and that are exclusively
contained in a single NAL unit. A slice header is defined as a part of a coded slice containing
the data elements pertaining to all tiles represented in the slice. A tile is defined as a
rectangular region of CTUs within a particular tile column and a particular tile row in a picture.
A tile column is defined as a rectangular region of CTUs having a height equal to the height of
the picture and a width specified by syntax elements in the picture parameter set. A tile row is
defined as a rectangular region of CTUs having a height specified by syntax elements in the
picture parameter set and a width equal to the width of the picture. A tile scan is defined as a
specific sequential ordering of CTUs partitioning a picture in which the CTUs are ordered
consecutively in CTU raster scan in a tile whereas tiles in a picture are ordered consecutively in
a raster scan of the tiles of the picture.
[00109] This section specifies how a picture is partitioned into slices and tiles. Pictures are
divided into slices and tiles. A slice is a sequence of tiles that cover a rectangular region of a

picture. A tile is a sequence of CTUs that cover a rectangular region of a picture.
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[00110] When a picture is coded using three separate color planes
(separate_colour plane flag is equal to 1), a slice contains only CTUs of one color component
being identified by the corresponding value of colour plane id, and each color component
array of a picture includes slices having the same colour plane id value. Coded slices with
different values of colour plane id within a picture may be interleaved with each other under
the constraint that for each value of colour plane id, the coded slice NAL units with that value
of colour_plane id shall be in the order of increasing CTU address in tile scan order for the first
CTU of each coded slice NAL unit. It should be noted that when separate colour plane flag is
equal to 0, each CTU of a picture is contained in exactly one slice. When
separate_colour_plane flag is equal to 1, each CTU of a color component is contained in
exactly one slice (e.g., information for each CTU of a picture is present in exactly three slices
and these three slices have different values of colour plane_id).

[00111] The following divisions of processing elements of this specification form spatial or
component-wise partitioning: the division of each picture into components; the division of each
component into CTBs; the division of each picture into tile columns; the division of each
picture into tile rows; the division of each tile column into tiles; the division of each tile row
into tiles; the division of each tile into CTUs; the division of each picture into slices; the
division of each slice into tiles; the division of each slice into CTUs; the division of each CTU
into CTBs; the division of each CTB into coding blocks, except that the CTBs are incomplete
at the right component boundary when the component width is not an integer multiple of the
CTB size and the CTBs are incomplete at the bottom component boundary when the
component height is not an integer multiple of the CTB size; the division of each CTU into
coding units, except that the CTUs are incomplete at the right picture boundary when the
picture width in luma samples is not an integer multiple of the luma CTB size and the CTUs are
incomplete at the bottom picture boundary when the picture height in luma samples is not an
integer multiple of the luma CTB size; the division of each coding unit into transform units; the
division of each coding unit into coding blocks; the division of each coding block into
transform blocks; and the division of each transform unit into transform blocks.

[00112] Inputs into the derivation process for neighboring block availability are the luma
location ( xCurr, yCurr ) of the top-left sample of the current block relative to the top-left luma
sample of the current picture, and the luma location (xNbY, yNbY ) covered by a neighboring
block relative to the top-left luma sample of the current picture. The outputs of this process are
the availability of the neighboring block covering the location ( xNbY, yNbY ), denoted as

availableN. The neighboring block availability availableN is derived as follows. If one or
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more of the following conditions are true, availableN is set equal to false. The top left tile id
of the slice containing the neighboring block differs in value from the top left tile id of the
slice containing the current block or the neighboring block is contained in a different tile than
the current block.
[00113] The CTB raster and tile scanning process is as follows. The list ColWidth[ i ] for i
ranging from 0 to num_tile columns minusl, inclusive, specifying the width of the i-th tile
column in units of CTBs, is derived as follows.
if( uniform_tile spacing_flag)
for(i=0;1 <= num tile columns minusl; i++)
ColWidth[i]=((i+ 1) * PicWidthInCtbsY ) /
(num_tile columns minusl +1)—
(i* PicWidthInCtbsY )/
(num_tile columns minusl + 1)
else {
ColWidth[ num_tile columns_minusl ] = PicWidthInCtbsY (6-1)
for(i=0;i<num_tile columns minusl;i++) {
ColWidth[ i ] =tile column_ width minusi[i]+ 1
ColWidth] num_tile columns minusl | —= ColWidth[ i ]

}
The list RowHeight[ j | for j ranging from 0 to num_tile rows minusl, inclusive, specifying
the height of the j-th tile row in units of CTBs, is derived as follows.
if( uniform_tile spacing_flag)
for(j=0;j <= num_tile rows minusl; j++)
RowHeight[ j 1= ((j + 1) * PicHeightInCtbsY ) / ( num_tile rows minusl + 1
)—
(j * PicHeightInCtbsY ) / (
num_tile rows minusl + 1)
else {
RowHeight[ num_tile rows minusl ]| = PicHeightInCtbsY (6-2)
for(j=0;j <num_tile rows minusl;j++) {
RowHeight[ j ] = tile row_height minusI[j]+ 1
RowHeight[ num_tile rows minusl | —= RowHeight[ j ]
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}

[00114]  The list ColBd[ i ] for i ranging from 0 to num_tile columns minusl + 1, inclusive,
specifying the location of the i-th tile column boundary in units of CTBs, is derived as follows:
for(ColBd[ 0]=0,1=0;1 <= num_tile columns minusl; i++)
ColBd[i+1]=ColBd[i]+ ColWidth[ i ] (6-3)
The list RowBd][ j | for j ranging from 0 to num_tile rows minusl + 1, inclusive, specifying
the location of the j-th tile row boundary in units of CTBs, is derived as follows:
for( RowBd[ 0]=0,j=0;j <= num_tile_rows minusl; j++)
RowBd[j+ 1]=RowBd[j ]+ RowHeight[ j ] (6-4)
The list CtbAddrRsToTs[ ctbAddrRs | for ctbAddrRs ranging from 0 to PicSizelnCtbsY — 1,
inclusive, specifying the conversion from a CTB address in CTB raster scan of a picture to a
CTB address in tile scan, is derived as follows:
for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++ ) {
tbX = ctbAddrRs % PicWidthInCtbsY
tbY = ctbAddrRs / PicWidthInCtbsY
for(i=0;1 <= num tile columns minusl; i++)
if(tbX >= ColBd[i])
tileX =1
for(j =0;j <= num _tile_rows minusl; j++) (6-5)
if(tbY >= RowBd[j])
tileY = j
CtbAddrRsToTs[ ctbAddrRs =0
for(i=0;i<tileX; i++)
CtbAddrRsToTs[ ctbAddrRs | += RowHeight[ tileY ] * ColWidth[ i ]
for(j = 0;j <tileY; j++)
CtbAddrRsToTs[ ctbAddrRs | += PicWidthInCtbsY * RowHeight[ j ]
CtbAddrRsToTs[ ctbAddrRs ] += (tbY — RowBd[ tileY ]
) * ColWidth[ tileX ]+ tbX — ColBd] tileX ]
}
[00115] The list CtbAddrTsToRs[ ctbAddrTs] for ctbAddrTs ranging from 0 to
PicSizeInCtbsY — 1, inclusive, specifying the conversion from a CTB address in tile scan to a

CTB address in CTB raster scan of a picture, is derived as follows:
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for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++) (6-6)
CtbAddrTsToRs[ CtbAddrRsToTs[ ctbAddrRs | ] = ctbAddrRs
The list Tileld[ ctbAddrTs | for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive,
specifying the conversion from a CTB address in tile scan to a tile ID, is derived as follows:
for(j =0, tileldx =0;j <= num_tile rows minusl; j++)
for(i=0;i <= num_tile_columns minusl; i++, tileldx++)
for(y=RowBd[j]; y <RowBd[j+ 1 ]; y*++) (6-7)
for(x=ColBd[i]; x <ColBd[ i+ 1 ]; x++)
Tileld[ CtbAddrRsToTs[ y * PicWidthInCtbsY+x ] | =
explicit_tile id flag ? tile id val[i][] ] : tileldx
The list NumCtusInTile[ tileldx ] for tileldx ranging from 0 to PicSizelnCtbsY — 1, inclusive,
specifying the conversion from a tile index to the number of CTUs in the tile, is derived as
follows:
for(j =0, tileldx =0;j <= num_tile rows minusl; j++)
for(i=0;i <= num_tile_columns minusl; i++, tileldx++) (6-8)
NumCtusInTile[ tileldx ] = ColWidth[ i ] * RowHeight][ j ]
[00116] The set TileldToldx[ tileld ] for a set of NumTilesInPic tileld values specifying the
conversion from a tile ID to a tile index and the list FirstCtbAddrTs[ tileldx ] for tileldx ranging
from 0 to NumTilesInPic — 1, inclusive, specifying the conversion from a tile ID to the CTB
address in tile scan of the first CTB in the tile are derived as follows:
for( ctbAddrTs = 0, tileldx = 0, tileStartFlag = 1; ctbAddrTs < PicSizeInCtbsY; ctbAddrTs++)
{
if( tileStartFlag ) {
TileldToldx[ Tileld[ ctbAddrTs ] ] = tileldx
FirstCtbAddrTs[ tileldx ] = ctbAddrTs (6-9)
tileStartFlag = 0
}
tileEndFlag = ctbAddrTs == PicSizelnCtbsY — 1 || Tileld[ ctbAddrTs+ 1] !=
Tileld[ ctbAddrTs ]
if( tileEndFlag ) {
tileldx++

tileStartFlag = 1
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The values of ColumnWidthInLumaSamples| i |, specifying the width of the i-th tile column in

units of luma samples, are set equal to ColWidth[ i | << CtbLog2SizeY for i ranging from 0 to

num_tile columns minusl, inclusive. The wvalues of RowHeightiInLumaSamples|j ],

specifying the height of the j-th tile row in units of luma samples, are set equal to

RowHeight[ j ] << CtbLog2SizeY for j ranging from 0 to num_tile_rows minusl, inclusive.

[00117]  The picture parameter set RBSP syntax is as follows:

pic_parameter_set_rbsp( ) { Descriptor
pps_pic_parameter_set_id ue(v)
pps_seq_parameter_set_id ue(v)
transform_skip enabled flag u(l)
single tile in pic flag u(l)
if( Isingle_tile in_pic flag) {
num_tile columns_minusl ue(v)
num_tile rows minusl ue(v)
}
tile id len minusl ue(v)
explicit_tile id flag u(1)
if( explicit_tile id flag)
for(i=0;1 <= num tile columns minusl;i++)
for(j=0;j <= num_tile rows minusl; j++)
tile id val[i][j] u(v)
if( !single tile in_pic flag) {
uniform_tile spacing_flag u(1)
if( luniform_tile spacing flag) {
for(i=0;i<num_tile columns minusl;i++)
tile column_width minusl1[ i ] ue(v)
for(i=0;i<num_tile rows minusl;i++)
tile row_height minusI[i ] ue(v)
}
tile_boundary treated as pic_boundary flag u(l)
if( !tile_boundary treated as pic boundary flag)
loop_filter across_tiles enabled flag u(l)
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rbsp_trailing_bits( )

Table 1
[00118]  The slice header syntax is changed as follows.

slice_header( ) { Descriptor
slice_pic_parameter set id ue(v)
single tile in_slice flag// Same note as below u(1)

top_left tile id // Note that this is needed even when there is only one | u(v)
tile in the picture to enable extraction of a single motion-constrained tile to be

a conforming bitstream without the need of changing the slice header.

if( !single tile in_slice flag)

bottom _right tile id u(v)

slice type ue(v)

if (slice_type !=1)

log2 diff ctu max bt size ue(v)

dep _quant enabled flag u(1)

if( 'dep quant_enabled flag)

sign_data_hiding_enabled flag u(1)

if( tile boundary treated as pic_boundary flag)

slice_boundary treated as pic_boundary flag

if( !single tile in_slice flag) {

offset len_minusl ue(v)

for(i=0;1i<NumTilesInSlice — 1; i++)

entry _point_offset minusl1[i ] u(v)

}

byte alignment( )

Table 2
[00119] The slice data( ) syntax is as follows:

slice_data( ) { Descriptor

tileldx = TileldToldx[ top_left tile id ]

for(j = 0; j <NumTileRowsInSlice; j++,

tileldx += num_tile columns minusl + 1) {
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for( 1= 0, CurrTileldx = tileldx; i < NumTileColumnsInSlice;

i+, CurrTileldx++) {

ctbAddrInTs = FirstCtbAddrTs[ CurrTileldx ]

for( k = 0; k < NumCtusInTile[ CurrTileldx ]; k++,
ctbAddrInTs++) {

CtbAddrInRs = CtbAddrTsToRs[ ctbAddrInTs |

coding_tree unit( )

}

end of tile one bit /* equal to 1 */ ae(v)

if( i <NumTileRowsInSlice — 1 || j <

NumTileColumnsInSlice — 1)

byte alignment( )

Table 3

[00120] The Picture parameter set RBSP semantics are as follows. The
single tile in pic flag is set equal to one to specify that there is only one tile in each picture
referring to the PPS. The single tile in pic_flag is set equal to zero to specify that there is
more than one tile in each picture referring to the PPS. Bitstream conformance may require
that the value of single tile in pic_flag shall be the same for all PPSs that are activated within
a coded video sequence (CVS). The num_tile columns minusl plus 1 specifies the number of
tile columns partitioning the picture. The num tile columns minusl shall be in the range of
zero to PicWidthInCtbsY — 1, inclusive. When not present, the value of
num_tile columns minusl is inferred to be equal to zero. The num_tile rows minusl plus 1
specifies the number of tile rows partitioning the picture. The num_tile rows minusl shall be
in the range of zero to PicHeightInCtbsY — 1, inclusive. When not present, the value of
num_tile rows minusl] is inferred to be equal to zero. The variable NumTilesInPic is set equal
to (num_tile columns minusl + 1) * (num_tile rows minusl + 1 ).

[00121] When single tile in_pic flag is equal to zero, NumTilesInPic shall be greater than
zero. The tile_id len minusl plus 1 specifies the number of bits used to represent the syntax
element tile id val[ i][j ], when present, in the PPS and the syntax elements top left tile id

and bottom_right tile id, when present, in slice headers referring to the PPS. The value of
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tile_id len_minusl shall be in the range of Ceil( Log2( NumTilesInPic ) to 15, inclusive. The
explicit_tile id flag is set equal to one to specify that tile ID for each tile is explicitly signaled.
The explicit_tile id flag is set equal to zero to specify that the tile IDs are not explicitly
signaled. The tile id wval[ i ][ j ] specifies the tile ID of the tile of the i-th tile column and the j-
th tile row. The length of tile id val[ i ][ j ] istile id len minusl + 1 bits.

[00122] For any integer m in the range of zero to num_tile columns minusl, inclusive, and
any integer n in the range of zero to num_tile rows minusl, inclusive, tile_id val[ i ][ j ] shall
not be equal to tile id vall m ][ n] when i is not equal to m or j is not equal to n, and
tile id val[i][]j] shall be less than tile id vallm ][ n] when
j ¥ (num_tile columns minusl + 1) +1iisless than n * ( num_tile columns minusl + 1) + m.
The uniform _tile spacing flag is set equal to one to specify that tile column boundaries and
likewise tile row boundaries are distributed uniformly across the picture. The
uniform_tile spacing flag is set equal to zero to specify that tile column boundaries and
likewise tile row boundaries are not distributed uniformly across the picture but signaled
explicitly using the syntax elements  tile column width minusl[i ] and
tile row_height minusl[i]. When not present, the value of uniform tile spacing flag is
inferred to be equal to 1. The tile column_width_minusl1[ i ] plus 1 specifies the width of the i-
th tile column in units of CTBs. The tile row height minusl[i] plus 1 specifies the height of
the i-th tile row in units of CTBs.

[00123] The following variables are derived by invoking the CTB raster and tile scanning
conversion process: the list ColWidth[ i ] for i ranging from 0 to num_tile columns minusl,
inclusive, specifying the width of the i-th tile column in units of CTBs; the list RowHeight] j ]
for j ranging from 0 to num_tile rows minusl, inclusive, specifying the height of the j-th tile
row in units of CTBs; the list ColBd] i ] for i ranging from 0 to num_tile_columns_minusl + 1,
inclusive, specifying the location of the i-th tile column boundary in units of CTBs; the list
RowBd[j] for j ranging from 0 to num tile rows minusl + 1, inclusive, specifying the
location of the j-th tile row boundary in units of CTBs; the list CtbAddrRsToTs[ ctbAddrRs ]
for ctbAddrRs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specifying the conversion from
a CTB address in the C'TB raster scan of a picture to a CTB address in the tile scan; the list
CtbAddrTsToRs[ ctbAddrTs | for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive,
specifying the conversion from a CTB address in the tile scan to a CTB address in the CTB
raster scan of a picture; the list Tileld[ ctbAddrTs] for ctbAddrTs ranging from 0 to
PicSizeInCtbsY — 1, inclusive, specifying the conversion from a CTB address in tile scan to a

tile ID; the list NumCtusInTile[ tileldx ] for tileldx ranging from 0 to PicSizelnCtbsY — 1,
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inclusive, specifying the conversion from a tile index to the number of CTUs in the tile; the set
TileldToldx] tileld ] for a set of NumTilesInPic tileld values specifying the conversion from a
tile ID to a tile index and the list FirstCtbAddrTs[ tileldx | for tileldx ranging from 0 to
NumTilesInPic — 1, inclusive, specifying the conversion from a tile ID to the CTB address in
tile scan of the first CTB in the tile; the lists ColumnWidthInLumaSamples| i | for i ranging
from 0 to num_tile_columns minusl, inclusive, specifying the width of the i-th tile column in
units of luma samples; and the list RowHeightInLumaSamples[ j ] for j ranging from 0 to
num_tile rows minusl, inclusive, specifying the height of the j-th tile row in units of luma
samples.

[00124] The values of ColumnWidthInLumaSamples[i] for i ranging from 0 to
num_tile columns minusl, inclusive, and RowHeightInLumaSamples] j ] for j ranging from 0
to  num_tile rows minusl, inclusive, shall all be greater than O. The
tile boundary treated as picture _boundary flag is set equal to one to specify that each tile
boundary is treated the same as the picture boundary in the decoding process for pictures
referring to the PPS. The tile boundary treated as picture boundary flag is set equal to zero
to specify that each tile boundary may or may not be treated the same as the picture boundary
in the decoding process for pictures referring to the PPS. When not present, the value of
tile boundary treated as picture boundary flag is inferred to be equal to one. The
loop filter across tiles enabled flag is set equal to one to specify that in-loop filtering
operations may be performed across tile boundaries in pictures referring to the PPS. The
loop_filter across tiles enabled flag is set equal to zero to specify that in-loop filtering
operations are not performed across tile boundaries in pictures referring to the PPS. The in-loop
filtering operations include the deblocking filter, sample adaptive offset filter, and adaptive
loop filter operations. When not present, the value of loop_filter across_tiles enabled flag is
inferred to be equal to zero.

[00125] The slice header semantics are as follows. When present, the value of the slice
header syntax element slice pic parameter set id shall be the same in all slice headers of a
coded picture. The slice pic_parameter set id specifies the value of pps_pic_parameter set id
for the PPS in use. The value of slice pic_parameter set id shall be in the range of 0 to 63,
inclusive. The single tile in_slice flag is set equal to one to specify that there is only one tile
in the slice. The single picture in_pic flag is set equal to zero to specify that there is more than
one tile in the slice. The top_left tile id specifies the tile ID of the tile located at the top-left
corner of the slice. The length of top_left tile id is tile id len _minusl + 1 bits. The value of
top_left tile id shall not be equal to the value of top left tile id of any other coded slice NAL
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unit of the same coded picture. When there is more than one slice in a picture, the decoding
order of the slices in the picture shall be in increasing value of top left tile id. The
bottom_right tile id specifies the tile ID of the tile located at the bottom-right corner of the
slice. The length of bottom_right tile id is tile_id len_minusl + 1 bits. When not present, the
value of bottom_right tile id is inferred to be equal to top_left tile id.

[00126] 'The variables NumTileRowsInSlice, NumTileColumnsInSlice, and
NumTilesInSlice are derived as follows:

deltaTileldx = TileldToldx| bottom_right tile id ] — TileldToldx[ top_left tile id ]
NumTileRowsInSlice = ( deltaTileldx / ( num_tile columns minusl + 1))+ 1 (7-25)
NumTileColumnsInSlice = ( deltaTileldx % ( num_tile columns minusl +1))+ 1
NumTilesInSlice = NumTileRowsInSlice * NumTileColumnsInSlice

[00127] The slice_type specifies the coding type of the slice according to table 4.

slice_type Name of slice_type
0 B (B slice)
1 P (P slice)
2 I (I'slice)
Table 4

When nal_unit_type has a value in the range of TBD, inclusive, e.g., the picture is an Intra
Random Access Picture (IRAP) picture, slice type shall be equal to two.  The
log2 diff ctu max bt size specifies the difference between the luma CTB size and the
maximum luma size (width or height) of a coding block that can be split using a binary split.
The value of log2 diff ctu max bt size shall be in the range of zero to
CtbLog2SizeY — MinCblLog2SizeY, inclusive. When log2 diff ctu max bt size is not
present, the value of log2 diff ctu max bt size is inferred to be equal to two.

[00128] The wvariables MinQtLog2SizeY, MaxBtlLog2SizeY, MinBtlLog2SizeY,
MaxTtLog2SizeY, MinTtLog2SizeY, MaxBtSizeY, MinBtSizeY, MaxTtSizeY, MinTtSizeY
and MaxMttDepth are derived as follows:

MinQtLog2SizeY = (slice type == 1) ? MinQtLog2SizelntraY : MinQtLog2SizelnterY

(7-26)
MaxBtlLog2SizeY = CtblLog2SizeY — log2 diff ctu_max bt size (7-27)
MinBtLog2SizeY = MinCbLog2SizeY (7-28)
MaxTtLog2SizeY = (slice type ==1) ? 5 : 6 (7-29)
MinTtLog2SizeY = MinCblLog2SizeY (7-30)

40



WO 2020/056357 PCT/US2019/051153

MinQtSizeY = 1 << MinQtLog2SizeY (7-31)
MaxBtSizeY = 1 << MaxBtLog2SizeY (7-32)
MinBtSizeY = 1 << MinBtLog2SizeY (7-33)
MaxTtSizeY = 1 << MaxTtlLog2SizeY (7-34)
MinTtSizeY = 1 << MinTtLog2SizeY (7-35)

MaxMttDepth = (slice type == 1) ? max_mtt _hierarchy depth intra_slices :
max_mtt_hierarchy depth inter slices (7-36)
The dep quant enabled flag is set equal to zero to specify that dependent quantization is
disabled. The dep quant enabled flag is set equal to one to specify that dependent
quantization is enabled. The sign _data hiding enabled flag is set equal to zero to specify that
sign bit hiding is disabled. The sign data hiding enabled flag is set equal to one to specify
that sign bit hiding is enabled. When sign data hiding enabled flag is not present, it is
inferred to be equal to zero. The slice boundary treated as pic_boundary flag is set equal to
one to specify that each slice boundary of the slice is treated the same as picture boundary in
the decoding process. The slice boundary treated as pic boundary flag equal to zero
specifies that each tile boundary may or may not be treated the same as picture boundary in the
decoding process. When not present, the value of
slice_boundary treated as pic boundary flag is inferred to be equal to one. The
offset len minusl plus 1 specifies the length, in bits, of the entry point offset minusl[i]
syntax elements. The value of offset_len_minusl shall be in the range of 0 to 31, inclusive. The
entry point_offset minusl[i] plus 1 specifies the i-th entry point offset in bytes, and is
represented by offset len minusl plus 1 bits. The slice data that follow the slice header
consists of NumTilesInSlice subsets, with subset index values ranging from 0 to
NumTilesInSlice — 1, inclusive. The first byte of the slice data is considered byte zero. When
present, emulation prevention bytes that appear in the slice data portion of the coded slice NAL
unit are counted as part of the slice data for purposes of subset identification.
[00129]  Subset zero include bytes zero to entry point_offset minusl[ 0 ], inclusive, of the
coded slice segment data, subset k, with k in the range of 1 to NumTilesInSlice — 2, inclusive,
includes bytes firstByte[ k ] to lastByte[ k ], inclusive, of the coded slice data with firstByte[ k ]
and lastByte[ k ] defined as:
firstByte[ k ] = i (entry_poini_offset_minus1[n—1]+1)
i

(7-37)
lastByte[ k ] = firstByte[ k ] + entry_point_offset minusl1[ k | (7-38)
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The last subset (with subset index equal to NumTilesInSlice — 1) includes the remaining bytes
of the coded slice data. Each subset shall include all coded bits of all CTUs in the slice that are
within the same tile.

[00130] The general slice data semantics are as follows: The end of tile one bit shall be
equal to one. For each tile, the wvariables ILeftBoundaryPos, TopBoundaryPos,
RightBoundaryPos  and  BotBoundaryPos are  derived as  follows. If

tile boundary treated as pic boundary flag is equal to true, the following applies:

tileColldx = CurrTileldx / ( num_tile columns minusl + 1) (7-39)
tileRowldx = CurrTileldx % ( num_tile columns minusl + 1) (7-40)
LeftBoundaryPos = ColBd][ tileColldx | << CtbLog2SizeY (7-41)
RightBoundaryPos = ( ( ColBd] tileColldx | + ColWidth[ tileColldx ] ) << CtbLog2SizeY ) —
1 (7-42)
TopBoundaryPos = RowBd| tileRowldx | << CtbLog2SizeY (7-43)
BotBoundaryPos = ( ( RowBd][ tileRowldx | + RowHeight[ tileRowldx ] ) << CtblLog2SizeY
)1 (7-44)
Otherwise if slice boundary treated as pic_boundary flag is equal to true, the following
applies:
sliceFirstTileColldx = TileldToldx[ top_left tile id ]/ ( num_tile columns minusl + 1)
(7-45)
sliceFirstTileRowldx = TileldToldx[ top_left tile id ] % ( num_tile columns minusl + 1)
(7-46)
slicelLastTileColldx = TileldToldx| bottom_right tile id ]/ ( num_tile columns minusl + 1)
(7-47)
slicelLastTileRowldx = TileldToldx[ bottom_right tile id ] % ( num_tile columns minusl + 1
) (7-48)
LeftBoundaryPos = ColBd][ sliceFirstTileColldx | << CtbLog2SizeY (7-49)
RightBoundaryPos = ( ( ColBd] slicelLastTileColldx ] + ColWidth[ sliceLastTileColldx ] ) <<
CtbLog2SizeY ) — 1 (7-50)
TopBoundaryPos = RowBd[ sliceFirstTileRowldx | << CtbLog2SizeY (7-51)
BotBoundaryPos = ( ( RowBd][ sliceLastTileRowldx ] + RowHeight[ sliceL.astTileRowldx | )
<< CtbLog2SizeY ) -1 (7-52)
Otherwise (slice_boundary treated as pic boundary flag is equal to FALSE), the following
applies:
LeftBoundaryPos = 0 (7-53)
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RightBoundaryPos = pic_width_in_luma_ samples — 1 (7-54)
TopBoundaryPos = 0 (7-55)
BotBoundaryPos = pic_height_in luma samples — 1 (7-56)

[00131] The derivation process for temporal luma motion vector prediction is as follows. If
yCb >> CtbLog2SizeY is equal to yColBr >> CtblLog2SizeY, yColBr is less than
pic_height in luma samples, and xColBr is less than pic_width in luma samples, the
following applies:

[00132] The variable colCb specifies the luma coding block covering the modified location
given by ((xColBr >> 3) << 3, (yColBr >> 3) << 3) inside the collocated picture
specified by ColPic. The luma location ( XColCb, yColCb ) is set equal to the top-left sample
of the collocated luma coding block specified by colCb relative to the top-left luma sample of
the collocated picture specified by ColPic. The derivation process for collocated motion
vectors is invoked with currCb, colCh, ( xColCb, yColCb ), refldxI.X, and control parameter
controlParaFlag set equal to 0 as inputs, and the output is assigned to mvLXCol and
availableFlagl.XCol. If yCb >> CtblLog2SizeY is equal to yColBr >> CtbLog2SizeY,
yColBr is less than or equal to BotBoundaryPos and xColBr is less than or equal to
RightBoundaryPos, the following applies. The variable colCb specifies the luma coding block
covering the modified location given by ((xColBr >> 3) << 3, (yColBr >> 3) << 3)
inside the collocated picture specified by ColPic. The luma location ( XColCb, yColCb ) is set
equal to the top-left sample of the collocated luma coding block specified by colCb relative to
the top-left luma sample of the collocated picture specified by ColPic. The derivation process
for collocated motion vectors is invoked with currCb, colCb, ( xColCb, yColCb ), refldxLX,
and control parameter controlParaFlag set equal to 0 as inputs, and the output is assigned to
mv[.XCol and availableFlag[.XCol.

[00133] In some examples, the derivation process for temporal luma motion vector
prediction is as follows. If yCb >> CtbLog2SizeY is equal to yColBr >> CtbLog2SizeY,
yColBr is less than pic height in luma samples and xColBr is less than
pic_width_in_luma_samples, the following applies. The variable colCb specifies the luma
coding block covering the modified location given by
((xColBr >> 3) << 3, (yColBr >> 3) << 3) inside the collocated picture specified by
ColPic. The luma location ( xColCb, yColCb) is set equal to the top-left sample of the
collocated luma coding block specified by colCb relative to the top-left luma sample of the
collocated picture specified by ColPic. The derivation process for collocated motion vectors is

invoked with currCb, colCb, (xColCb, yColCb), refldx[.X, and control parameter
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controlParaFlag set equal to 0 as inputs, and the output is assigned to mvLXCol and
availableFlagl.XCol. If yCb >> CtbLog2SizeY is equal to yColBr >> CtbLog2SizeY, the
following applies. xColCtr = Min( xColCtr, RightBoundaryPos ) and yColCtr = Min( yColCtr,
BotBoundaryPos ). The variable colCb specifies the luma coding block covering the modified
location given by ((xColBr >> 3) << 3, (yColBr >> 3) << 3) inside the collocated
picture specified by ColPic. The luma location ( XColCb, yColCb ) is set equal to the top-left
sample of the collocated luma coding block specified by colCb relative to the top-left luma
sample of the collocated picture specified by ColPic. The derivation process for collocated
motion vectors is invoked with currCb, colCb, (xColCb, yColCb ), refldx.X , and control
parameter controlParaFlag set equal to 0 as inputs, and the output is assigned to mvL.XCol and
availableFlagl.XCol.

[00134] The luma sample interpolation process is as follows. The inputs to this process are:
a luma location in full-sample units ( xIntL, yIntL ); a luma location in fractional-sample units
( xFracL, yFracL.); and the luma reference sample array refPicLXL. The output of this process
is a predicted luma sample value predSamplelLXL. The variables shiftl, shifi2, shift3 are
derived as follows. The variable shiftl is set equal to Min( 4, BitDepthY — 8 ) and the variable
shifi2 is set equal to 6 and the variable shift3 is set equal to Max( 2, 14 — BitDepthY ). The
predicted luma sample value predSample.XL. is derived as follows. If both xFracLand yFracL.
are equal to 0, the value of predSamplel. XL is derived as follows:

predSample LXL. = refPicL. XL[ xIntL ][ yIntLL ] << shift3 (8-228)
Otherwise if xFracL is not equal to 0 and yFracL is equal to 0, the value of predSampleLXL is
derived as follows:

predSample LXI. =

( fL[ xFracL,, 0] * refPicLXL][ Clip3( LefiBoundaryPos, RightBoundaryPos, xIntl. — 3 ) ][ yInt
L]+

fL[ xFraclL ][ 1 ] * refPicLXL][ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. —2 ) ][ yIn
tL]+

fL[ xFraclL ][ 2 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. — 1 ) ][ yIn
tL]+

fL[ xFracLL [ 3 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. ) ][ yIntL ]
T

fL[ xFraclL ][ 4 ] * refPicLXL][ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. + 1 ) ][ yIn
tL]+ (8-228)

fL[ xFraclL ][ 5 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. +2 ) ][ yIn
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tL]+

fL[ xFracLL ][ 6 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. + 3 ) ][ yIn
tL]+

fL[ xFraclL ][ 7] * refPicLXL][ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL. +4 ) ][ yIn
tl. 1) >> shiftl

[00135] Otherwise if xFracl. is equal to 0 and yFracl. is not equal to 0, the value of
predSamplel. XL is derived as follows:

predSample LXI. =

(fL[ yFracL,, 0 ] * refPicLXL[ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yintL =3 )]+

fL[ yFracLL ][ 1] * refPicLXL][ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yintL. —2) ]+

fL[ yFracL [ 2 ] * refPicLXL[ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
ylntL—1)]+

fL[ yFracL ][ 3 ] * refPicLXL[ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yintL ) ]+

fL[ yFracL [ 4 ] * refPicLXL][ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yIntL + 1) ] +(8-228)

fL[ yFracL ][ 5 ] * refPicLXL[ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yIntL +2) ]+

fL[ yFracL [ 6 ] * refPicLXL[ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yIntL +3) ]+

fL[ yFracL ][ 7 ] * refPicLXL][ xIntL ][ Clip3( TopBoundaryPos, BotBoundaryPos,
yIntL. +4) ]) >> shiftl
[00136] Otherwise if xFracl. is not equal to 0 and yFracl. is not equal to 0, the value of
predSamplel. XL is derived as follows. The sample array temp[ n | with n = 0..7, is derived as
follows:
yPosL = Clip3( TopBoundaryPos, BotBoundaryPos, yIntL. +n—3) (8-228)
temp[n]=
( fL[ xFracL, 0] * refPicLXL][ Clip3( LefiBoundaryPos, RightBoundaryPos, xIntl. — 3 ) ][ yPo
sL ]+

fL[ xFracLL ][ 1 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
=2) [ yPosL 1+

fL[ xFracLL ][ 2 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
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—1)][ yPosL ]+

fL[ xFracL. [ 3 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
)1 yPosL 1+

fL[ xFracL. ][ 4 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
+1) ][ yPosL ]+ (8-228)

fL[ xFracL. ][ 5 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
+2) ][ yPosL 1+

fL[ xFracLL ][ 6 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
+3) ][ yPosL ]+

fL[ xFracL. ][ 7 ] * refPicLXL[ Clip3( LeftBoundaryPos, RightBoundaryPos, xIntL
+4) ][ yPosL ]) >> shiftl

[00137] The predicted luma sample value predSample[LXL is derived as follows:
predSampleLXL = (fL[ yFracL ][0 ] * temp[ O ] +
fi yFracL [ 1] * temp[ 1 ] +
fl] yFracL [ 2] * temp[ 2 ] +
fl] yFracL [ 3] * temp[ 3 ] +
fl| yFracL. ][ 4] * temp[ 4 ] + (8-228)
fl] yFracL [ 5] * temp[ 5] +
fl] yFracL ][ 6] * temp[ 6 ] +
fL[ yFracL ][ 7] * temp[ 7] ) >> shift2
Fractional |interpolation filter coefficients
sample fLp] fLlp]
positionp L[ p [ OT|L[pI 1 T|LIpI2T|LIpII31[41 LIpISILIpII61[7]
1 0 1 —3 63 4 —2 1 0
2 —1 D —5 62 8 =3 1 0
3 —1 3 —8 60 13 4 1 0
4 —1 a —10 58 17 |5 1 0
5 —1 a —11 52 26 8 3 —1
6 —1 3 —9 47 31 10 4 —1
7 —1 a —11 45 34 10 4 —1
8 —1 a —11 40 40 11 4 —1
0 —1 a —10 34 45 11 4 —1
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10 —1 a —10 31 47 9 3 —1

11 —1 3 —8 26 52 11 4 —1

12 0 1 —5 17 58 10 4 —1

13 0 1 —4 13 60 8 3 —1

14 0 1 —3 8 62 5 2 —1

15 0 1 —2 4 63 3 1 0
Table 5

[00138] The chroma sample interpolation process is as follows. Inputs to this process are: a
chroma location in full-sample units ( xIntC, yIntC ); a chroma location in eighth fractional-
sample units ( xFracC, yFracC ); and the chroma reference sample array refPicLXC. Output of
this process is a predicted chroma sample value predSample[LXC. The variables shiftl, shift2,
shift3 , picWC and picHC are derived as follows. The variable shiftl is set equal to Min( 4,
BitDepthC — 8 ), the variable shift2 is set equal to 6, and the variable shift3 is set equal to
Max( 2, 14 — BitDepthC ). The variable IPos, rPos, tPos and bPos are set as follows:

1Pos = LeftBoundaryPos / SubWidthC (8-228)
rPos = ( RightBoundaryPos + 1) / SubWidthC (8-228)
tPos = TopBoundaryPos / SubHeightC (8-228)
bPos = ( BotBoundaryPos + 1 ) / SubHeightC (8-228)

The predicted chorma sample value predSamplel.XC is derived as follows. If both xFracC and
yFracC are equal to 0, the value of predSampleLXC is derived as follows:

predSample LXC = refPicLXCJ[ xIntC ][ yIntC ] << shift3 (8-228)

Otherwise if xFracC is not equal to 0 and yFracC is equal to 0, the value of predSample[LXC is
derived as follows:

predSampleLXC = ( fC[ xFracC ][ 0 ] * refPicLXC[ Clip3( 1Pos, rPos, xIntC — 1 ) ][ yIntC ] +

fC[ xFracC ][ 1 ] * refPicLXC][ Clip3( 1Pos, rPos, xIntC ) ][ yIntC | +

fC[ xFracC ][ 2 ] * refPicLXC[ Clip3( 1Pos, rPos, xIntC + 1) ][ yIntC | + (8-228)

fC[ xFracC ][ 3 ] * refPicLXC][ Clip3( 1Pos, rPos, xIntC + 2 ) ][ yIntC ] ) >> shiftl

[00139] Otherwise if xFracC is equal to 0 and yFracC is not equal to 0, the value of
predSampleLXC is derived as follows:
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redSampleLXC = ( fC[ yFracC ][ 0 ] * refPicLXC][ xIntC ][ Clip3( tPos, bPos, yIntC — 1) ] +

fC[ yFracC ][ 1 ] * refPicLXC][ xIntC ][ Clip3( tPos, bPos, yIntC ) ] +

fC[ yFracC ][ 2 ] * refPicLXC][ xIntC ][ Clip3( tPos, bPos, yIntC + 1) ] + (8-228)

fC[ yFracC ][ 3 ] * refPicLXC[ xIntC ][ Clip3( tPos, bPos, yIntC + 2 ) ] ) >> shiftl
Otherwise if xFracC is not equal to 0 and yFracC is not equal to 0, the value of
predSampleLXC is derived as follows. The sample array temp[ n | with n = 0..3, is derived as
follows:
yPosC = Clip3( tPos, bPos, yIntC +n—1) (8-228)
temp[ n | = ( fC[ xFracC ][ 0 ] * refPicLXC] Clip3( 1Pos, rPos, xIntC — 1) ][ yPosC ] +
fC[ xFracC ][ 1 ] * refPicLXC][ Clip3( 1Pos, rPos, xIntC ) ][ yPosC ] +
fC[ xFracC ][ 2 ] * refPicLXC][ Clip3( 1Pos, rPos, xIntC + 1) ][ yPosC ] + (8-228)
fC[ xFracC ][ 3 ] * refPicLXC][ Clip3( 1Pos, rPos, xIntC + 2 ) ][ yPosC ] ) >> shiftl
[00140]  The predicted chroma sample value predSamplel.XC is derived as follows:
predSampleLXC = ( fC[ yFracC ][ 0 ] * temp[ 0 ] +
fC[ yFracC ][ 1] *temp[ 1 ] +
fC[ yFracC J[2 ] *temp[ 2 | + (8-228)
fC[ yFracC ][ 3 ] * temp[ 3 | ) >> shift2

Fractional interpolation filter coefficients
sample

position plfC[ p 11 0 JECT p 1T 1 JCT p 2 JECT p 13 ]
1 -1 63 2 0
2 -2 62 4 0
3 -2 60 7 -1
4 -2 58 10 -2
5 -3 57 12 -2
6 —4 56 14 -2
7 —4 55 15 -2
8 —4 54 16 -2
9 =5 53 18 -2
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10 —6 52 20 -2
11 —6 49 24 -3
12 —6 46 28 —4
13 =5 44 29 —4
14 —4 42 30 —4
15 —4 39 33 —4
16 —4 36 36 —4
17 —4 33 39 —4
18 —4 30 42 —4
19 —4 29 44 =5
20 —4 28 46 —6
21 -3 24 49 —6
22 -2 20 52 —6
23 -2 18 53 =5
24 -2 16 54 —4
25 -2 15 55 —4
26 -2 14 56 —4
27 -2 12 57 -3
28 -2 10 58 -2
29 -1 7 60 -2
30 0 4 62 -2
31 0 2 63 -1
Table 6

[00141] The Context-Based Adaptive Binary Arithmetic Coding (CABAC) parsing process
for slice data is as follows. The initialization process is invoked when starting the parsing of
the CTU syntax and the CTU is the first CTU in a tile. Note that the start of the slice data is
also covered by this sentence as each start of the slice data is the start of a tile.

[00142] In another example, the CTB raster and tile scanning process is as follows. The list
ColWidth[ i ] for i ranging from 0 to num_tile columns minusl, inclusive, specifying the
width of the i-th tile column in units of CTBs, is derived as follows:

if( uniform_tile spacing_flag)

for(i=0;1 <= num _tile columns minusl;i++)
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ColWidth[ i = ( (i+ 1) * PicWidthInCtbsY )/
(num_tile columns minusl +1) —
(i * PicWidthInCtbsY ) /

(num_tile columns minusl + 1)

else {
ColWidth[ num_tile columns minusl | = PicWidthInCtbsY  (6-1)
for(i=0;i<num_tile columns minusl;i++) {
ColWidth[ i ] =tile_column_width minuslI[i]+ 1
ColWidth[ num_tile columns minusl | —= ColWidth[ i ]
}
}

[00143] The list RowHeight[ j | for j ranging from 0 to num _tile rows minusl, inclusive,
specifying the height of the j-th tile row in units of CTBs, is derived as follows:
if( uniform_tile spacing flag)
for(j =0;j <= num_tile rows minusl; j++)
RowHeight[ j ] =((j + 1) * PicHeightInCtbsY ) / ( num_tile rows minusl + 1
) -
(j * PicHeightInCtbsY )/ (

num_tile rows minusl + 1)

else {
RowHeight[ num _tile rows minusl ] = PicHeightInCtbsY (6-2)
for(j =0;j <num_tile rows minusl;j++) {
RowHeight[ j ] =tile row_height minusI[j]+1
RowHeight[ num _tile rows minusl | —= RowHeight[ j ]
}
}

[00144]  The list ColBd[ i ] for i ranging from 0 to num_tile columns minusl + 1, inclusive,
specifying the location of the i-th tile column boundary in units of CTBs, is derived as follows:
for( ColBd[ 0 ]=0,i=0;1 <= num_tile columns minusl;i++)
ColBd[ i+ 1]=ColBd[i]+ ColWidth[ i ] (6-3)

[00145]  The list RowBd[ j ] for j ranging from 0 to num_tile rows minusl + 1, inclusive,
specifying the location of the j-th tile row boundary in units of CTBs, is derived as follows:
for( RowBd[ 0 ]=0,j=0;j <= num_tile rows _minusl; j++)

RowBd[ j+ 1 ]=RowBd][j ] + RowHeight[ j ] (6-4)
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[00146] The Ilist CtbAddrRsToTs[ ctbAddrRs] for ctbAddrRs ranging from 0 to
PicSizeInCtbsY — 1, inclusive, specifying the conversion from a CTB address in CTB raster
scan of a picture to a CTB address in tile scan, is derived as follows:
for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++) {
tbX = ctbAddrRs % PicWidthInCtbsY
tbY = ctbAddrRs / PicWidthInCtbsY
for(i=0;1 <= num tile columns minusl;i++)
if(tbX >= ColBd[i])
tileX =1
for(j =0;j <= num_tile rows minusl; j++) (6-5)
if(tbY >= RowBd[j])
tileY =j
CtbAddrRsToTs[ ctbAddrRs | =0
for(i=0;i<tileX; i++)
CtbAddrRsToTs[ ctbAddrRs | +
for(j = 0;j <tileY; j++)
CtbAddrRsToTs[ ctbAddrRs | += PicWidthInCtbsY * RowHeight][ j |
CtbAddrRsToTs[ ctbAddrRs ] += (tbY — RowBd] tileY ]
) * ColWidth][ tileX ]+ tbX — ColBd][ tileX ]

H
[00147] The list CtbAddrTsToRs[ ctbAddrTs] for ctbAddrTs ranging from 0 to

RowHeight[ tileY ] * ColWidth[ i ]

PicSizeInCtbsY — 1, inclusive, specifying the conversion from a CTB address in tile scan to a
CTB address in CTB raster scan of a picture, is derived as follows:
for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++) (6-6)
CtbAddrTsToRs[ CtbAddrRsToT's[ ctbAddrRs | | = ctbAddrRs
[00148]  The list Tileld[ ctbAddrTs | for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1,
inclusive, specifying the conversion from a CTB address in tile scan to a tile ID, is derived as
follows:
for(j =0, tileldx = 0;j <= num_tile rows _minusl; j++)
for(i=0;i <= num_tile columns minusl; i++, tileldx++)
for(y=RowBd[j ]; y <RowBd[j+ 1 ]; y++) (6-7)
for(x=ColBd[i]; x<ColBd[i+ 1 ]; x++)
Tileld[ CtbAddrRsToTs[ y * PicWidthInCtbsY+x ] ] =
teit—tHe— He— - tileldx
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[00149]  The list NumCtusInTile] tileldx ] for tileldx ranging from 0 to PicSizeInCtbsY — 1,
inclusive, specifying the conversion from a tile index to the number of CTUs in the tile, is
derived as follows:
for(j =0, tileldx =0;j <= num_tile rows minusl; j++)
for(i=0;i <= num_tile columns _minusl; i++, tileldx++) (6-8)
NumCtusInTile[ tileldx ] = ColWidth[ i ] * RowHeight][ j ]
[00150] The set TileldToldx[ tileld ] for a set of NumTilesInPic tileld values specifying the
conversion from a tile ID to a tile index and the list FirstCtbAddrTs[ tileldx | for tileldx ranging
from 0 to NumTilesInPic — 1, inclusive, specifying the conversion from a tile ID to the CTB
address in tile scan of the first CTB in the tile are derived as follows:
for( ctbAddrTs = 0, tileldx = 0, tileStartFlag = 1; ctbAddrTs < PicSizeInCtbsY; ctbAddrTs++)
{
if( tileStartFlag ) {
TileldToldx[ Tileld[ ctbAddrTs ] ] = tileldx
FirstCtbAddrTs[ tileldx ] = ctbAddrTs (6-9)
tileStartFlag = 0
}
tileEndFlag = ctbAddrTs == PicSizeInCtbsY — 1 || Tileld[ ctbAddrTs + 1] !=
Tileld[ ctbAddrTs ]
if( tileEndFlag ) {
tileldx++

tileStartFlag = 1

}
[00151]  The values of ColumnWidthInLumaSamples| i |, specifying the width of the i-th tile

column in units of luma samples, are set equal to ColWidth[ i] << CtbLog2SizeY for i
ranging from O to num tile columns minusl, inclusive. The values of
RowHeightInl.umaSamples[ j ], specifying the height of the j-th tile row in units of luma
samples, are set equal to RowHeight[j] << CtbLog2SizeY for j ranging from 0 to
num_tile rows minusl, inclusive.

[00152]  The Picture parameter set RBSP syntax is as follows.

pic_parameter set rbsp( ) { Descriptor

pps_pic_parameter set_id ue(v)
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pps_seq parameter set id ue(v)
transform_skip enabled flag u(l)
single tile in_pic_flag u(l)
if( Isingle tile in _pic flag) {
num_tile columns_minusl ue(v)
num_tile rows minusl ue(v)
}
wet¥)
#H
ETEn)
uniform_tile spacing_flag u(l)
if( tuniform _tile spacing flag) {
for(i=0;1<num_tile columns minusl;i++)
tile column_width minusl1[i ] ue(v)
for(i=0;1i<num_tile rows minusl;i++)
tile_row_height minus1[i] ue(v)
}
tile boundary treated as pic_boundary flag u(l)
if( !tile boundary treated as pic boundary flag)
loop filter across tiles enabled flag u(l)
}
tbsp_trailing_bits()
}
Table 7
[00153]  The slice header syntax is as follows:
slice_header( ) { Descripto
r
slice_pic_parameter set id ue(v)
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first slice_in_pic flag u(l)

single tile in_slice flag u(l)

if( Hirst_slice in_pic_flag)

top_left tile id u(v)

if( Isingle tile in_slice flag)
bottom_right tile id u(v)
slice_type ue(v)

if (slice type !=1)

log2 diff ctu max bt size ue(v)
dep _quant enabled flag u(l)
if( dep quant_enabled flag)
sign_data_hiding_enabled flag u(l)
all_tiles mcts flag u(l)
if(

Itile_boundary treated as pic boundary flag && !all tiles mcts flag)

slice_boundary treated as pic boundary flag

if( !single tile in_slice flag) {

offset len minusl ue(v)

for(i=0;i<NumTilesInSlice — 1; i++)

entry point_offset minusl[i ] u(v)

}
byte alignment( )

}

Table 8

[00154] The slice header semantics are as follows. When present, the value of the slice
header syntax element slice pic parameter set id shall be the same in all slice headers of a
coded picture. The slice_pic_parameter set id specifies the value of pps_pic_parameter set id
for the PPS in use. The value of slice pic_parameter set id shall be in the range of 0 to 63,
inclusive. The first slice in_pic flag is set equal to one to specify that the slice is the first slice
of the picture in decoding order. The first_slice in_pic flag is set equal to zero to specify that
the slice is not the first slice of the picture in decoding order. The single tile in slice flag is

set equal to one to specify that there is only one tile in the slice. single picture in_pic flag
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equal to 0 specifies that there is more than one tile in the slice. The top left tile id specifies
the tile ID of the tile located at the top-left corner of the slice. The length of top left tile id is
Ceil( Log2( (num_tile rows minusl + 1) * (num_tile columns minusl + 1)) ) bits. The value
of top_left tile id shall not be equal to the value of top left tile id of any other coded slice
NAL unit of the same coded picture. When not present, the value of top_left tile id is inferred
to be equal to zero. When there is more than one slice in a picture, the decoding order of the
slices in the picture shall be in increasing value of top left tile id. The bottom_right tile id
specifies the tile ID of the tile located at the bottom-right corner of the slice. The length of
bottom_right tile id is Ceil( Log2( (num_tile rows minusl + 1) *

(num_tile columns_minusl + 1)) ) bits. When not present, the value of bottom_right tile id is
inferred to be equal to top left tile id. The variables NumTileRowslnSlice,
NumTileColumnsInSlice, and NumTilesInSlice are derived as follows:

deltaTileldx = TileldToldx| bottom_right tile id ] — TileldToldx[ top_left tile id ]
NumTileRowsInSlice = ( deltaTileldx / ( num_tile columns minusl + 1))+ 1 (7-25)
NumTileColumnsInSlice = ( deltaTileldx % ( num_tile columns minusl +1))+ 1
NumTilesInSlice = NumTileRowsInSlice * NumTileColumnsInSlice

[00155] The all tiles mcts flag is set equal to one to specify that all tiles in the slice are part
of an MCTS, which only contains the tiles in the slice for the current access unit, and the
MCTS boundaries (which collocate with the slice boundaries of the slice) are treated the same
as the picture boundaries. The all tiles mcts_flag is set equal to zero to specify that the above
as specified by all tiles mcts flag equal to 1 may or may not apply. The
slice_boundary treated as pic boundary flag is set equal to one to specify that each slice
boundary of the slice is treated the same as the picture boundary in the decoding process. The
slice_boudnary treated as pic boundary flag is set equal to zero to specify that each tile
boundary may or may not be treated the same as the picture boundary in the decoding process.
When not present, the value of slice boundary treated as pic_boundary flag is inferred to be
equal to one. Each subset shall include all coded bits of all CTUs in the slice that are within the
same tile.

[00156] FIG. 7 is a schematic diagram illustrating an example image 700 with a region of
interest signaled without rewriting a slice header. For example, image 700 may be employed to
implement an image 600. Further, image 700 can be encoded in and decoded from a bitstream
500, for example by a codec system 200, an encoder 300, and/or a decoder 400. Further, the

image 700 can be partitioned to support encoding and decoding according to method 100.
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[00157] The image 700 includes a plurality of slices including a first slice 721, which may
be substantially similar to a slice 521 and/or 621. Other slices may be similar to the first slice
721, but are not depicted for clarity of discussion. The first slice 721 includes a plurality of
tiles 723 designated with corresponding tile IDs 724, which may be substantially similar to tiles
523 and tile IDs 524, respectively.  The tiles 723 each comprise one or more CTUs 727
designated by corresponding CTU addresses 729, which may be substantially similar to CTUs
527 and CTU addresses 529, respectively. The plurality of slices are each rectangular, but
may not extend all the way from the left side wall of the image to the right side wall of the
image. For example, the left side wall of the first slice 721 is not congruent with the left side
wall of the image 700 frame and the right side wall of the first slice 721 is not congruent with
the right side wall of the image 700 frame.

[00158] In some cases, a user may wish to view a region of interest. Specifically, a region
of interest is any sub-image 701 that may be displayed to a user at a decoder while omitting
the remainder of the image 700. A sub-image 701 is any subset of the image 700. As a
specific example, the image 700 may be encoded as part of a virtual reality (VR) video. In
VR video, a user employs a head mounted device (HMD) that displays a sub-image 701 of an
image 700. The sub-image 701 displayed is selected based on the user’s head movement,
which provides an experience that approximates being present in an environment as defined
by the image 700. Specifically, the image 700 may be rendered as a sphere that surrounds the
user, with the sub-image 701 being selected as the portion of the environment directly in front
of the user’s eyes. In another example, a region of interest might allow a user to zoom in on
a particular sub-image 701 of a larger high resolution image 700.

[00159] In either case, the encoder is unaware of the region of interest at the time of
encoding, and is hence unaware of which sub-image 701 should be sent to the decoder until a
request is actually received. This creates a problem in some systems. For example, a first
slice 721 of the image 700 and corresponding CTU addresses 729 may be encoded based on
the position of the first slice 721 relative to the top left corner 702 of the image 700. The top
left corner 702 acts as a zero position (e.g., source, starting point, etc.) from an addressing
standpoint at the encoder, and the bottom right corner 704 acts as the end of the image 700.
Accordingly, the position of the first slice 721 and the CTU addresses 729 is such systems are
offset from the top left corner 702 by a user selected value. However, the decoder displays
the top left tile portion of the first slice 721 and the bottom right portion of the first slice 721
in the sub-image 701 at the top left corner and bottom right corner, respectively, of the

display. As such, the decoder in such systems requires the addresses of the top left portion of
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the first slice 721 to be adjusted to the top left corner 702 (e.g., rewritten to the zero position),
the addresses of the bottom right portion of the first slice 721 to be adjusted to the bottom
right corner 704 (e.g., a final address), and the addresses in between to be adjusted
accordingly. To accomplish such readdressing, such systems employ a splicer operating on a
video server that forwards the encoded bitstream upon request. A splicer is a hardware
component configured to rewrite slice headers associated with slices in a sub-image 701 to
adjust addresses in response to user requests.

[00160] The present disclosure employs an addressing scheme that is based on the tile ID
724 instead of based on relative position in the image 700. By making this change, the
decoder can decode an arbitrarily selected sub-image 701 based on the addressing scheme as
originally encoded without needing to readdress image 700 components. Hence, slice header
rewriting is avoided and some or all functions of a splicer can be omitted. In an
embodiment, each slice in the image 700 is rectangular and includes an integer number of tiles
723 (e.g., no partial/fractional tiles 723). Tile IDs 724 are assigned to increase in raster scan
order 705. Raster scan order 705 is left to right and top to bottom across the image 700.
Further, tile IDs 724 are unique across the image 700. Accordingly, the boundaries of the first
slice 721 can be uniquely identified by signaling the top left tile 723a and the bottom right tile
723b in the slice header describing the first slice 721. Further, the CTU addresses 729 are
assigned based on the tile [Ds 724 of the tiles 723 that contains the corresponding CTUs 727.
[00161] By employing the addressing scheme described above, a decoder can determine the
top left tile 723a and the bottom right tile 723b by obtaining the corresponding tile 1Ds 724
from the slice header. The decoder can then employ the tile 723 based addressing scheme to
place the top left tile 723a at the top left corner 702, the bottom right tile 723b at the bottom
right corner 704, and the other tiles 723 in corresponding positions based on the tile IDs 724.
The decoder can then place the CTUs 727 in the corresponding tiles 723 based on the tile 723
based CTU addresses 729. As such, the sub-image 701 is rendered onto the display at the
decoder without altering the addresses of the corresponding slices as assigned when the original
image 700 is encoded.

[00162] Some other benefits/modifications can also be achieved by this coding scheme. For
example, the tile IDs 724 of the tiles 723 other than the top left tile 723a and the bottom right
tile 723b may be omitted from the bitstream for increased compression as such tile IDs 724 can
be determined at the decoder based on the tile IDs 724 of the top left tile 723a and the bottom
right tile 723b. Such tile IDs 724 may be stored in a PPS when not omitted. Tile IDs 724 may

or may not be monotonously increasing (e.g., where each tile ID 724 is one value larger than
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the previous tile ID 724). Furthermore, the tiles 723 may also be indexed by position. In some
examples, the tile IDs 724 are set as the tile indices. In other cases, the tile IDs 724 can be set as
other values. In such a case, the conversion between tile ID 724 and tile index is specified in
the PPS.

[00163] FIG. 8 is a schematic diagram of an example video coding device 800. The video
coding device 800 is suitable for implementing the disclosed examples/embodiments as
described herein. The video coding device 800 comprises downstream ports 820, upstream
ports 850, and/or transceiver units (Tx/Rx) 810, including transmitters and/or receivers for
communicating data upstream and/or downstream over a network. The video coding device
800 also includes a processor 830 including a logic unit and/or central processing unit (CPU) to
process the data and a memory 832 for storing the data. The video coding device 800 may also
comprise electrical, optical-to-electrical (OE) components, electrical-to-optical (EQO)
components, and/or wireless communication components coupled to the upstream ports 850
and/or downstream ports 820 for communication of data via electrical, optical, or wireless
communication networks. The video coding device 800 may also include input and/or output
(I/0) devices 860 for communicating data to and from a user. The I/O devices 860 may include
output devices such as a display for displaying video data, speakers for outputting audio data,
etc. The 1/0 devices 860 may also include input devices, such as a keyboard, mouse, trackball,
etc., and/or corresponding interfaces for interacting with such output devices.

[00164] The processor 830 is implemented by hardware and software. The processor 8§30
may be implemented as one or more CPU chips, cores (e.g., as a multi-core processor), field-
programmable gate arrays (FPGAs), application specific integrated circuits (ASICs), and digital
signal processors (DSPs). The processor 830 is in communication with the downstream ports
820, Tx/Rx 810, upstream ports 850, and memory 832. The processor 830 comprises a coding
module 814. The coding module 814 implements the disclosed embodiments described above,
such as methods 100, 900, and 1000, which may employ a bitstream 500, an image 600, and/or
an image 700. The coding module 814 may also implement any other method/mechanism
described herein. Further, the coding module 8§14 may implement a codec system 200, an
encoder 300, and/or a decoder 400. For example, the coding module 814 can partition an
image into slices, slices into tiles, tiles into CTUs, CTUs into blocks, and encode the blocks
when acting as an encoder. Further, the coding module 814 signals the boundaries of image
slices based on the tile ID, which allows slices in a sub-image to be sent to a decoder without
rewriting corresponding slice headers to adjust for addressing changes between the image and

the sub-image. When acting as a decoder, the coding module 814 can reconstruct an image and

58



WO 2020/056357 PCT/US2019/051153

determine slice position and corresponding addresses based on the tile ID without adjusting for
addressing changes between the image and the sub-image. As such, the coding module 814
causes the video coding device 800 to provide additional functionality, avoid certain processing
to reduce processing overhead, and/or increase coding efficiency when partitioning and coding
video data. As such, the coding module 814 improves the functionality of the video coding
device 800 as well as addresses problems that are specific to the video coding arts. Further, the
coding module 814 effects a transformation of the video coding device 800 to a different state.
Alternatively, the coding module 814 can be implemented as instructions stored in the memory
832 and executed by the processor 830 (e.g., as a computer program product stored on a non-
transitory medium).

[00165] The memory 832 comprises one or more memory types such as disks, tape drives,
solid-state drives, read only memory (ROM), random access memory (RAM), flash memory,
ternary content-addressable memory (TCAM), static random-access memory (SRAM), etc. The
memory 832 may be used as an over-flow data storage device, to store programs when such
programs are selected for execution, and to store instructions and data that are read during
program execution.

[00166] FIG. 9 is a flowchart of an example method 900 of encoding an image, such as
image 600 and/or 700, into a bitstream, such as bitstream 500, to support signaling a region of
interest without rewriting a slice header. Method 900 may be employed by an encoder, such as
a codec system 200, an encoder 300, and/or a video coding device 800 when performing
method 100.

[00167] Method 900 may begin when an encoder receives a video sequence including a
plurality of images and determines to encode that video sequence into a bitstream, for example
based on user input. The video sequence is partitioned into pictures/images/frames for further
partitioning prior to encoding. At step 901, an image is partitioned into a plurality of slices.
The slices are partitioned into a plurality of tiles. The tiles are partitioned into a plurality of
CTUs containing portions of the image. The CTUs are further partitioned into coding blocks.
[00168] At step 903, tile IDs are assigned to the tiles. For example, each of the plurality of
tiles may contain a unique tile ID. Further, each of the tile IDs for the plurality of tiles
increase in raster scan order. In some examples, each of the tile IDs for the plurality of tiles
increase monotonously in raster scan order. Each of the plurality of tiles includes one or
more CTUs containing image data. The CTUs are each assigned an address based on the tile

ID of the tile containing the corresponding CTU.
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[00169] At step 905, the plurality of slices, tiles, CTUs, and/or coding blocks are encoded
in a bitstream. Various metadata describing the encoding is encoded at step 907. For
example, a top left tile ID and a bottom right tile ID of a first slice of the image is encoded in
a slice header associated with the first slice. This supports determination of slice boundaries
of the first slice without rewriting the slice header when one or more second slices of the
image are omitted from transmissions to a decoder. In some examples, tile IDs for the
plurality of tiles are encoded in a PPS in the bitstream. In some examples, one or more tile
IDs associated with the first slice are omitted from the bitstream (e.g., from the PPS) to
support inference of the one or more tile IDs based on the top left tile ID and the bottom right
tile ID.

[00170] At step 909, entry point offsets of tiles in the first slice may be encoded in a slice
header associated with the first slice. Further, the tiles may each be designated with a tile
index from a group of tile indices. In some examples, the tile IDs of the tiles are selected to
be different than the tile indices of the tiles. In such a case, a conversion between tile IDs and
tile indices may be encoded in the PPS in the bitstream.

[00171] The bitstream, which includes the slice header and first slice, can then be
transmitted toward the decoder for reconstruction of a sub-image of the image as part of a
reconstructed video sequence at step 911. It should be noted that steps 903, 905, 907, and
909 are depicted separately and in order for clarity of discussion, but may be implemented in
any order and/or may occur substantially simultaneously in practice.

[00172] FIG. 10 is a flowchart of an example method 1000 of decoding an image, such as
image 600 and/or 700, from a bitstream, such as bitstream 500, containing a region of interest
signaled without rewriting a slice header. Method 1000 may be employed by a decoder, such
as a codec system 200, a decoder 400, and/or a video coding device 800 when performing
method 100.

[00173] Method 1000 may begin when a decoder begins receiving a bitstream including
coded image data representing a video sequence, for example as a result of method 900. At
step 1001, the bitstream is received at the decoder. Specifically, the bitstream includes a first
slice of a coded image and omits one or more second slices of the coded image. For example,
the bitstream may include a region of interest/sub-picture of the coded image that includes the
first slice and may omit slices of the coded image that are outside the region of interest/sub-
picture. The first slice is associated with/described by a slice header. The slice header for the

first slice has not been rewritten due to omission of the second slices.
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[00174] At step 1003, a top left tile ID and a bottom right tile ID associated with the first
slice is determined from the slice header. Boundaries of the first slice are determined at step
1005 based on the top left tile ID and the bottom right tile ID as coded in the slice header. For
example, the coded image contains a plurality of tiles. Also, the first slice includes one or more
tiles that are a subset of the plurality of tiles in the coded image. Further, each of the plurality
of tiles is associated with/contains a unique tile ID. Each of the tile IDs for the plurality of tiles
in the coded image may increase in raster scan order. For example, each of the tile IDs for the
plurality of tiles in the coded image may increase monotonously in raster scan order. Hence,
the tile IDs can be used to determine the boundaries of the first slice, for example based on
equation 7-25 as described above.

[00175] Each of the tiles includes one or more CTUs containing sub-image data in coding
blocks, and each CTU may be addressed based on the tile containing the CTU. Accordingly,
tile IDs and addresses for CTUs in the first slice are determined at step 1007 based on the top
left tile ID and the bottom right tile ID. In some cases, one or more tile IDs of the one or more
tiles in the first slice are omitted from the bitstream and inferred based on the top left tile ID
and the bottom right tile ID. In other examples, tile IDs for the plurality of tiles in the coded
image are signaled in a PPS in the bitstream. The plurality of tiles in the coded image may be
designated with tile indices. In some cases, the tile IDs of the plurality of tiles are different than
tile indices of the plurality of tiles. In such cases, tile indices can be determined based on a
conversion between tile IDs and tile indices as specified in the PPS in the bitstream, for
examples based on equation 6-9 as described above. Entry point offsets for the one or more
tiles may also be determined from a slice header prior to decoding the first slice.

[00176] The first slice, tiles, CTUs, and/or coding blocks are decoded at step 1009. For
example, the first slice is decoded based on the determined slice boundaries, tile IDs, CTU
addresses, and/or tile entry point offsets. Decoding the first slice results in the generation of a
reconstructed sub-image of the coded image. Further, the reconstructed sub-image can be
forwarded toward a display as part of a reconstructed video sequence.

[00177] FIG. 11 is a schematic diagram of an example system 1100 for signaling a region of
interest, included in an image such as image 600 and/or 700, in a bitstream, such as bitstream
500, without rewriting a slice header. System 1100 may be implemented by an encoder and a
decoder such as a codec system 200, an encoder 300, a decoder 400, and/or a video coding
device 800. Further, system 1100 may be employed when implementing method 100, 900,
1000, 1200, and/or 1300.
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[00178] The system 1100 includes a video encoder 1102. The video encoder 1102
comprises a partitioning module 1101 partitioning an image into a plurality of slices, and
partitioning the plurality of slices into a plurality of tiles. The video encoder 1102 further
comprises an encoding module 1105 for encoding the plurality of slices encoding a list of IDs
in a PPS, and encoding a first ID associated with a first slice into a slice header of the first
slice, wherein the first ID matches one of the 1Ds in the list of IDs in the PPS. The video
encoder 1102 further comprises a transmitting module 1107 for transmitting a bitstream
including the slice header, the PPS, and the first slice toward the decoder. The video encoder
1102 may be further configured to perform any of the steps of method 900 and/or 1200.

[00179] The system 1100 also includes a video decoder 1110. The video decoder 1110
comprises a receiving module 1111 for receiving a bitstream including a first slice of a coded
image, wherein the coded image is associated with a PPS. The video decoder 1110 further
comprises a parser module 1113 for parsing a list of IDs explicitly signaled in the PPS; and
parsing a first ID from the slice header of the first slice, wherein the first ID matches one of
the IDs in the list of IDs explicitly signaled in the PPS. The video decoder 1110 further
comprises a determination module 1115 for determining a list of tiles coded in the first slice
based on the first ID. The video decoder 1110 further comprises a decoding module 1117 for
decoding the first slice to generate a reconstructed sub-image of the coded image. The video
decoder 1110 may be further configured to perform any of the steps of method 1000 and/or
1300.

[00180] FIG. 12 is a flowchart of another example method 1200 of encoding an image, such
as image 600 and/or 700, into a bitstream, such as bitstream 500, to support signaling a region
of interest without rewriting a slice header. Method 1200 may be employed by an encoder,
such as a codec system 200, an encoder 300, and/or a video coding device 800 when
performing method 100.

[00181] At step 1201, the encoder partitions an image into a plurality of slices. The
encoder also partitions the plurality of slices into a plurality of tiles. At step 1203, the
encoder encodes the plurality of slices. The encoder also encodes a list of IDs in a PPS. The
encoder also encodes a first ID associated with a first slice into a slice header of the first
slice. The first ID matches one of the IDs in the list of IDs in the PPS. At step 1205, the
encoder transmits a bitstream that includes the slice header, the PPS, and the first slice toward
the decoder.

[00182] FIG. 13 is a flowchart of another example method 1300 of decoding an image, such

as image 600 and/or 700, from a bitstream, such as bitstream 500, containing a region of
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interest signaled without rewriting a slice header. Method 1300 may be employed by a
decoder, such as a codec system 200, a decoder 400, and/or a video coding device 800 when
performing method 100.

[00183] At step 1301, a decoder receives a bitstream including a first slice of a coded image,
wherein the coded image is associated with a PPS. At step 1303, the decoder parses, from the
PPS, a list of IDs explicitly signaled in the PPS. The decoder also parses a first ID from the
slice header of the first slice. The first ID matches one of the IDs in the list of IDs explicitly
signaled in the PPS. At step 1305, the decoder determines a list of tiles coded in the first slice
based on the first ID. The decoder also decodes the first slice to generate a reconstructed sub-
image of the coded image.

[00184] A first component is directly coupled to a second component when there are no
intervening components, except for a line, a trace, or another medium between the first
component and the second component. The first component is indirectly coupled to the second
component when there are intervening components other than a line, a trace, or another
medium between the first component and the second component. The term “coupled” and its
variants include both directly coupled and indirectly coupled. The use of the term “about™
means a range including +10% of the subsequent number unless otherwise stated.

[00185] It should also be understood that the steps of the exemplary methods set forth herein
are not necessarily required to be performed in the order described, and the order of the steps of
such methods should be understood to be merely exemplary. Likewise, additional steps may be
included in such methods, and certain steps may be omitted or combined, in methods consistent
with various embodiments of the present disclosure.

[00186] While several embodiments have been provided in the present disclosure, it may be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present
examples are to be considered as illustrative and not restrictive, and the intention is not to be
limited to the details given herein. For example, the various elements or components may be
combined or integrated in another system or certain features may be omitted, or not
implemented.

[00187] In addition, techniques, systems, subsystems, and methods described and illustrated
in the various embodiments as discrete or separate may be combined or integrated with other
systems, components, techniques, or methods without departing from the scope of the present
disclosure. Other examples of changes, substitutions, and alterations are ascertainable by one

skilled in the art and may be made without departing from the spirit and scope disclosed herein.
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CLAIMS

What is claimed is:

1. A method implemented in a decoder, the method comprising:

receiving, by a receiver of the decoder, a bitstream including a first slice of a coded
image, wherein the coded image is associated with a picture parameter set (PPS) in the
bitstream, and wherein the first slice is associated with a slice header in the bitstream;

parsing, by a processor of the decoder from the PPS, a list of identifiers (IDs)
explicitly signaled in the PPS;

parsing, by the processor, a first ID from the slice header of the first slice, wherein the
first ID matches one of the IDs in the list of IDs in the PPS;

determining, by the processor, a list of tiles coded in the first slice based on the first
ID; and

decoding, by the processor, the first slice to generate a reconstructed sub-image of the

coded image.

2. The method of claim 1, wherein the bitstream lacks one or more second slices of the
coded image and the slice header of the first slice has not been rewritten due to the bitstream

lacking the second slices.

3. The method of any of claims 1-2, wherein the coded image contains a plurality of

tiles, and wherein each of the plurality of tiles contains a unique tile ID.

4. The method of any of claims 1-3, wherein each of the tile IDs for the plurality of tiles

in the coded image increase in raster scan order.

5. The method of any of claims 1-4, wherein each of the tile IDs for the plurality of tiles

in the coded image increase monotonously in raster scan order.

6. The method of any of claims 1-5, wherein the first slice includes one or more tiles that
are a subset of the plurality of tiles in the coded image, wherein the one or more tiles are each
associated with a tile ID, wherein each of the one or more tiles includes one or more coding
tree units (CTUs) containing sub-image data, and wherein each CTU is addressed based on

the tile containing the CTU.
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7. The method of any of claims 1-6, wherein the bitstream lacks one or more tile IDs of
the one or more tiles in the first slice, and wherein the one or more tile IDs of the one or more
tiles in the first slice are inferred based on a top left tile ID and a bottom right tile ID of the

first slice.

8. The method of any of claims 1-7, wherein tile IDs for the plurality of tiles in the
coded image are the list of [Ds explicitly signaled in the PPS.

9. The method of any of claims 1-8, wherein the plurality of tiles in the coded image are
designated with tile indices, wherein the tile IDs of the plurality of tiles are different than tile
indices of the plurality of tiles, and wherein a conversion between tile IDs and tile indices is

specified in the PPS in the bitstream.

10. The method of any of claims 1-9, further comprising determining entry point offsets

for the one or more tiles from the slice header prior to decoding the first slice.

11. The method of any of claims 1-10, further comprising forwarding, by the processor,

the reconstructed sub-image toward a display as part of a reconstructed video sequence.

12. A method implemented in an encoder, the method comprising:
partitioning, by a processor of the encoder, an image into a plurality of slices;
partitioning, by the processor, the plurality of slices into a plurality of tiles;
encoding, by the processor, the plurality of slices;
encoding, by the processor, a list of identifiers (IDs) in a picture parameter set (PPS);
encoding, by the processor, a first ID associated with a first slice into a slice header of
the first slice, wherein the first ID matches one of the IDs in the list of IDs in the PPS; and
transmitting, by a transmitter, a bitstream including the slice header, the PPS, and the

first slice toward a decoder.
13. The method of claim 12, wherein the bitstream lacks one or more second slices of the

image and the slice header of the first slice has not been rewritten due to the bitstream lacking

the second slices.
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14. The method of any of claims 12-13, wherein each of the plurality of tiles contains a

unique tile ID.

15. The method of any of claims 12-14, wherein each of the tile IDs for the plurality of

tiles increase in raster scan order.

16. The method of any of claims 12-15, wherein each of the tile IDs for the plurality of

tiles increase monotonously in raster scan order.

17. The method of any of claims 12-16, wherein the plurality of tiles are each associated
with a tile ID, wherein each of the plurality of tiles include one or more coding tree units
(CTUs) containing image data, and wherein each CTU is addressed based on the tile

containing the CTU.

18. The method of any of claims 12-17, wherein the bitstream lacks one or more tile IDs
associated with the first slice to support inference of the one or more tile IDs based on a top

left tile ID and a bottom right tile ID of the first slice.

19. The method of any of claims 13-18, wherein tile IDs for the plurality of tiles of the
image are the list of IDs in the PPS.

20. The method of any of claims 12-19, wherein the plurality of tiles are designated with
tile indices, wherein the tile IDs of the plurality of tiles are different than tile indices of the
plurality of tiles, and further comprising encoding, by the processor, a conversion between

tile IDs and tile indices in the PPS in the bitstream.

21. The method of any of claims 12-20, further comprising encoding in the slice header,

by the processor, entry point offsets of tiles in the first slice.

22. A video coding device comprising:
a processor, a receiver coupled to the processor, and a transmitter coupled to the
processor, the processor, receiver, and transmitter configured to perform the method of any of

claims 1-21.
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23. A non-transitory computer readable medium comprising a computer program product
for use by a video coding device, the computer program product comprising computer
executable instructions stored on the non-transitory computer readable medium such that when
executed by a processor cause the video coding device to perform the method of any of claims

1-21.

24.  An decoder comprising:

a receiving means for receiving a bitstream including a first slice of a coded image,
wherein the coded image is associated with a picture parameter set (PPS) in the bitstream,
and wherein the first slice is associated with a slice header in the bitstream;

a parser means for:

parsing a list of identifiers (IDs) in the PPS; and
parsing a first ID from the slice header of the first slice, wherein the first ID
matches one of the IDs in the list of IDs explicitly signaled in the PPS; and

a determination means for determining a list of tiles coded in the first slice based on
the first ID; and

a decoding means for decoding the first slice to generate a reconstructed sub-image of

the coded image.

25. The decoder of claim 24, wherein the decoder is further configured to perform the

method of any of claims 1-11.

26.  An encoder comprising:
a partitioning means for:
partitioning an image into a plurality of slices; and
partitioning the plurality of slices into a plurality of tiles;
an encoding means for:
encoding the plurality of slices;
encoding a list of identifiers (IDs) in a picture parameter set (PPS); and
encoding a first ID associated with a first slice into a slice header of the first
slice, wherein the first ID matches one of the IDs in the list of IDs in the PPS; and
a transmitting means for transmitting a bitstream including the slice header, the PPS,

and the first slice toward a decoder.
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27.  The encoder of claim 26, wherein the encoder is further configured to perform the

method of any of claims 12-21.

68



WO 2020/056357

100

PCT/US2019/051153

Decoder

1/12
Encoder 101
Input Video Signal
103
Y
Block Partitioning
105
\
Block Compression
107
A —
Filtering
109
\
Bitstream

FIG. 1

111
A

Determine Partitions

A

Block Decoding

115

A

Filtering

A

Output Video Signal

117



WO 2020/056357

200

M

201

2/12

211

Partitioned
Video Signal

"| Coder Control

General

PCT/US2019/051153

General Control

213
AN

Quantized Transform Coefficients

b, &

Scaling &
Transform Inverse |, 229
>+ » Scaling& | ---»{_Transform
A4 — Quantization v
I L
|
| v v y
: . 227
| II];;[I‘?-PIE[J.’[UI‘G Filter Control [
I stimation ; 231
! Analysis v /
: A .|  Header
: 215 Intra Prediction| Formatting & [—
, CABAC
217 Filter Control
: \ ! ilter Contro
i Intra-Piqture — : 225
Prediction In-loop Filters 4
. v
, Coded
K\< Motion Bitstream
Compensation
219 Y Motion
v
. Output
Motion Decoded .
. . . —>
»  Estimation Picture Buffer Yldeo
Signal
A /
221 E'\] 223

FIG.

2



WO 2020/056357

300

301

Partitioned

3/12

Encoder

PCT/US2019/051153

313

Video Signal

o
w

Intra-Picture

Prediction

\ 317

Motion
Compensation

) 4

Transform &
Quantization

Bitstream

Entropy
Coding

y

Inverse
Transform &
Quantization

4 /
321

Decoded
Picture Buffer

) 4

In-loop Filters

7/
323

FIG. 3

7/
331

329

325



WO 2020/056357 PCT/US2019/051153
4/12
400
Decoder
Bitstream 429 “
Inverse
Entropy
Decoding Transform &
Quantization
/
433
421
AN
MO‘[IOH. ! . /v
Compensation y Y >
417
.| Intra-Picture
Prediction
423
4 425
Decoded

Picture Buffer |

Output
Video
Signal

FIG. 4

In-loop Filters 4




WO 2020/056357 PCT/US2019/051153

512

500
Bistream
510 512 514 520
/ /
SPS PPS Slice Header Image Data
521
/
Slice
524
Tile ID 523
N/
Tile Tile Tile
525 N + Y
Entry Entry Entry
Point Point Point
Offset Offset Offset
527 \
CTU|CTU | CTU | CTU | CTU | CTU
529 \‘
CTU
address
531 533
/ /

Non-VCL NAL VCL NAL VCL NAL VCL NAL

FIG. 5



WO 2020/056357

600

6/12

PCT/US2019/051153

CTU

_— e —— — ——
|
]
|
1
|
|
|
|
|
|
|

Slice

|
|
T
|
|
|
|
)
|
1
|
|
— b — — — | —

Tile

621

Slice 621

CTU

621

Slice



WO 2020/056357

PCT/US2019/051153
712
700
\ Image
Top Left Corner Raster Scan Order >
702~ / 721
/724 705 / 723
723a .
Tile IDs Pz Slice r’d
AW I
Top Left Tile Tile Tile
Tile Tile Tile
723b
. . Bottom Right 701
Tile Tile Tile v B e
727 l Sub-Image
CTU| CTU | CTU
CTU| CTU | CTU
729 \T
CTU Bottom Right Corner
addresses 704

FI1G. 7



WO 2020/056357 PCT/US2019/051153

8/12

800

Video Coding Device

860
I/0 devices |~

820

830 850
Processor / )
810 . 210
/ Coding /
| Module |
Tx/Rx / Tx/Rx
| 814 |
832
™ Memory
Downstream Upstream
Ports Ports

FIG. 8



WO 2020/056357 PCT/US2019/051153

9/12

900

. . . . . . . . . 901
Partition an image into a plurality of slices, the slices into tiles, the tiles /
into CTUs, and the CTUs into coding blocks.

/ 903
Assign tile IDs and CTU addresses based on the tile IDs.

905
)/

Encode the slices, tiles, CTUs, and coding blocks.

A
Encode the top left tile ID and the bottom right tile ID in a slice header 907
to support determination of slice boundaries of the first slice without /

rewriting the slice header when one or more second slices are omitted

from transmissions to a decoder.

A

Encode entry point offsets for the tiles and/or a conversion between tile / 909
IDs and tile indices.

A
Transmitting a bitstream includes the slice header and the first slice to / 911
a decoder for reconstruction of a sub-image of the image as part of a

reconstructed video sequence.

FIG. 9



WO 2020/056357

1000

10/12

PCT/US2019/051153

Receive a bitstream including a first slice of a coded image and
omitting one or more second slices of the coded image, the bitstream
including a slice header for the first slice that has not been rewritten
due to omission of the second slices.

/ 1001

A

Determine a top left tile ID and a bottom right tile ID associated with a
first slice from the slice header.

/ 1003

A

Determine boundaries of the first slice based on the top left tile ID and
the bottom right tile ID.

/ 1005

A

Determine tile IDs and addresses for CTUs in the first slice based on
the left tile ID and the bottom right tile ID.

/ 1007

A

Decode the first slice, tiles, CTUs, and coding blocks to generate a
reconstructed sub-image based on the boundaries of the first slice.
Display the reconstructed image as part of a reconstructed video

sequence.

/ 1009

FIG. 10



WO 2020/056357 PCT/US2019/051153

11/12
1100
AW 1102\
Video
Encoder
1101
Partitioning
1105
Encoding
/ 1107
Transmitter
1110 \

1111
Receiver L

1113
Parser L

Determination

1117
Decoding L

Video
Decoder

FIG. 11



WO 2020/056357

1200

1300

12/12

PCT/US2019/051153

Partitioning an image into a plurality of slices, and partitioning the
plurality of slices into a plurality of tiles.

/ 1201

A

Encode the plurality of slices. Encode a list of IDs in a PPS. Encode a
first ID associated with a first slice into a slice header of the first slice.
The first ID matches one of the IDs in the list of IDs in the PPS

| 1203

A

Transmit a bitstream including the slice header, the PPS, and the first
slice toward the decoder.

| 1209

FIG. 12

Receive a bitstream including a first slice of a coded image associated
with a PPS.

/ 1301

A

Parse a list of IDs explicitly signaled in the PPS. Pars a first ID from
the slice header of the first slice. The first ID matches one of the IDs in
the list of IDs explicitly signaled in the PPS.

/ 1303

A 4

Determine a list of tiles coded in the first slice based on the first ID.
Decode the first slice to generate a reconstructed sub-image of the
coded image.

| 1309

FIG. 13



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/051153

A. CLASSIFICATION OF SUBJECT MATTER

CPC - HO4N 19/70; HO4N 19/13; HO4N 19/30; HO4N

IPC(8) - HO4N 19/13; HO4N 19/30; HO4N 19/436; HO4N 19/70 (2019.01)

19/436 (2019.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 375/240.02; 375/240.23; 375/240.24 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

(09.10.2014) entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2015/0103927 A1 (NOKIA CORPORATION) 16 April 2015 (16.04.2015) entire document 1-3, 12-14, 24, 26

A US 2015/0016503 A1 (QUALCOMM INCORPORATED) 15 January 2015 (15.01.2015) entire 1-3, 12-14, 24, 26
document

A US 2013/0077681 A1 (CHEN et al) 28 March 2013 (28.03.2013) entire document 1-3, 12-14, 24, 26

A US 2009/0002379 A1 (BAEZA et al) 01 January 2009 (01.01.2009) entire document 1-3, 12-14, 24, 26

A US 2016/0057441 A1 (GE VIDEO COMPRESSION, LLC) 25 February 2016 (25.02.2016) entire | 1-3, 12-14, 24, 26
document

A US 2013/0215975 A1 (SAMUELSSON et al) 22 August 2013 (22.08.2013) entire document 1-3, 12-14, 24, 26

A US 2014/0301451 A1 (SHARP LABORATORIES OF AMERICA, INC.) 09 October 2014 1-3, 12-14, 24, 26

D Further documents are listed in the continuation of Box C.

I:I See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying tﬁe invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

10 November 2019

Date of mailing of the international search report

25N0OV 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP; §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2019/051153

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I___:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an

extent that no meaningful international search can be carried out, specifically:

3. % Claims Nos.: 4-11, 15-23, 25, 27

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. [:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. EI No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

I—_—] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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