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(57) Abstract: Techniques and systems are provided for encoding and decoding video data. For example, a method of encoding
video data includes obtaining video data at an encoder, and determining to perform intra-picture prediction on the video data, using
intra-block copy prediction, to generate the plurality of encoded video pictures. The method also includes performing the intra-pic-
ture prediction on the video data using the intra-block copy prediction, and, in response to determining to perform the intra-picture
prediction on the video data using the intra-block copy prediction, disabling at least one of inter-picture bi-prediction or inter-picture
uni-prediction for the plurality of encoded video pictures. The method also includes generating the plurality of encoded video pic-
tures based on the received video data according to the performed intra-block copy prediction.
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SYSTEMS AND METHCGDS FOR INTRA-BLOCK COPY

FIELD
18661] The present disclosure generally relates to video coding, and more specifically

to techuiques and systems for intra-block copy.

BACKGROUND
[6802] Many devices and systems allow video data 1o be processed and cutput for
consmmption. Digital video data includes large amounts of data to meet the demands of
consumers and video providers. For example, consumers of video data desire video of
the uwtmost quality, with high fidelity, resolutions, frame rates, and the like, As a result,

the large amount of video data that is required fo mect these demands places a burden

on commication networks and devices that process and store the video data,

[B8803] Variows video coding technigues may be used 1o compress video data. Video
coding is performed according to one or mors video coding standards, For example,
video coding standards include high efficiency video coding (HEV(), advanced video
coding (AV(Q), moving picture experts gronp (MPEG)Y coding, or the like. Video
coding generatly utilizes prediction methods (o.g., nter-prediction, intra~prediction, ot
the hike) that take advantage of redundancy present in video fmages or sequences. An
mportant goal of video coding technigues 15 to compress video data into a form that
uses a lower bit rate, while avoiding or minimizing dogradations to video quality, With
ever-evolving video services becoming available, encoding techmiques with better

coding efficiency are needed.

BRIEF SUMMARY
[8604] 1o some cmbodiments, techrigues and systems are described for performing
ira-block copy. In some examples, certain restrictions may be placed on one or more
prediction techniques when intra-block copy prediction is enabled. For example, the
one or more prediction techniques may be disabled when an indra-block copy prediction
technique 1s performed. To another exanpie, the one or more prediction techniques may
be disabled when a prediction block size 15 less than or equal to a block size. Other

examples are described herein for controling the use of prediction techniques.

-i-
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{8605]  In some embodiments, technigues and systems are described for selectively
determining a reference block to use for an intra-block copy prediction technique. For
example, {cchniques for selecting a roference block to use when performing mtra-block
copy prediction may make 3 determination to exclude blocks that are cncoded using bi-
prediction from blocks that are considered for use in the imtra-block copy prediction.
Other examples are described herein for selectively determining a reference block to use

when performing intra-block copy prediction.

[8606] By performing the intra-block copy tochniques according to the various
aspects and features discussed herein, memory bandwidth and/or size reguirements are

reduced. .

18867]  One inventive aspect is a method of encoding video data to generate a phwality
of encoded video pictures. The method mclades obtaiing video data at an encoder, and
determining to perform intra-picture prediction on the video data, using intra-block
copy prediction, to gencrate the plurality of encoded video pictures. The method also
includes performing the intra-picture prediction on the video data using the intra-block
copy prediction, and, 1o response o determining to perform the intra-picture prediction
on the video data using the intra-block copy prediction, disabling at least one of inter-
pictare bi-prediction or inter-picture uni-prediction for the plurality of encoded video
pictures. The method also includes gonerating the phlurality of encoded video pictares
based on the received video data according to the performed intra-block copy

prediction.

18808] Awother inventive aspect is au apparatus for encoding video data, The
apparatus includes a memory configured 1o store video data, and a processor configured
to obtain the video data, determine to perform intra-picture prediction on the video data,
using intra-block copy prediction, to generate a plurahty of encoded video pictures, and
perform the intra-picture prediction on the video data using the intra-block copy
prediction. The processor is also configured to, in response to determining to perform
the ntra-picture prediction on the video data using the mtra-block copy prediction,
disable at least one of inter-picture bi-prediction or mter-picture uni-prediction for the
plurality of encoded video pictures. The processor is also configured to generate the
phurality of encoded video pictires based on the video data according to the performed

intra-block copy prediction.
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[96069] Another inventive aspect is a computer readable mediom of an encoder having
stored thercon instructions that whon exccuted by a processor cause the processor to
perform 8 method of cncoding video data o gonerate a plurality of encoded vidoo
pictures. The method includes obtaining video date, determining to perform intra-
picture prediction on the video data, using intra-block copy prediction, to gencrate the
phurality of encoded video pictures, and performing the mtra-picture prediction on the
video data using the intra-block copy prediction. The method also imcludes, in response
to determining to perform the intra-picture prediction on the video data using the intra-
block copy prediction, disabling at lcast one of the inter-picture bi-prediction or the
inter-picture uni-prediction for the plurality of encoded video pictures. The method also
includes generating the plorality of encoded video pictures based on the video data

according to the performed intra-block copy prediction.

1#018]  Anocther jnventive aspect 15 a method of deceding video data to generate a
plurality of decoded video pictures. The method includes recciving, in a video
bitstream, encoded video data encoded using a plurality of selectable prediction modes.
The plarality of prediction modes jnchide an inter-picture uni-prediction mode, an infer-
picture bi-prediction mode, and an intra-picture intra-block copy mode. The methed
also includes receiving, in the video bitsiream, an indication that inter-picture bi-
prediction is disabled for a portion of the encoded video data. The method also includes
determining, based on the indication, a prediction mode from the plurality of prediction
modes for predicting a prediction unit of the portion of encoded video data, and
decoding the prediction unit of the portion of cencoded video data according to the

determined prediction mode,

[6611]  Another inventive aspect is an apparatus for decoding video data. The
apparatus includes & memoty configured 1o store encoded video data received in a video
bitstream and encoded with a plurality of predicticn modes. The plurality of prediction
modes include an inter-picture uni- prediction mode, an inter-picture bi-prediction
mode, and an intra-picture intra-block copy mode. The apparatus further includes a
processor configured to obtain the enceded video data from the memory, and recsive, in
the video bitstream, an indication that inter-picture bi-prediction is disabled for a
portion of the encoded video data. The processor is also configured to determine, based

on the mdication, a prediction meoede from the pharality of prediction modes for
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predicting a prediction unit of the portion of encoded video data. The processor is also
configured to decode the prediction unit of the portion of encoded video data according to

the determined prediction mode.

[0012] Another inventive aspect is a computer readable medium of a decoder having
stored thereon instructions that when executed by a processor cause the processor to
perform a method of decoding video data to generate a plurality of decoded video pictures.
The method includes receiving, in a video bitstream, encoded video encoded using a
plurality of prediction modes. The plurality of prediction modes include an inter-picture
uni-prediction mode, an inter-picture bi-prediction mode, and an intra-picture intra-block
copy mode. The method also includes receiving, in the video bitstream, an indication that
iter-picture bi-prediction is disabled for a portion of the encoded video data, determining,
based on the indication, a prediction mode from the plurality of prediction modes for
predicting a prediction unit of the portion of encoded video data, and decoding the
prediction unit of the portion of encoded video data according to the determined prediction

mode.

[0013] This summary is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used in isolation to determine the scope of
the claimed subject matter. The subject matter should be understood by reference to
appropriate portions of the entire specification of this patent, any or all drawings, and each

claim.

[0013a]  According to an aspect of the present invention, there is provided a method of
encoding video data to generate a plurality of encoded video pictures, the method
comprising: obtaining video data at an encoder; determining to perform intra-picture
prediction on the video data, using intra-block copy prediction, to generate the plurality of
encoded video pictures; performing the intra-picture prediction on the video data using the
intra-block copy prediction; in response to determining to perform the intra-picture
prediction on the video data using the intra-block copy prediction, disabling at least one of
inter-picture bi-prediction and inter-picture uni-prediction for the plurality of encoded
video pictures; determining a prediction unit size; and generating the plurality of encoded
video pictures based on the video data according to the performed intra-block copy

prediction, the generating of the plurality of encoded video pictures comprising using

-4

Date regue/date received 2021-10-21



81801132

inter-picture bi-prediction or inter-picture uni-prediction if it was determined not to
perform intra-picture prediction on the video data using intra-block copy prediction to
generate the plurality of encoded video pictures, wherein the inter-picture bi-prediction or
the inter-picture uni-prediction is disabled for the plurality of encoded video pictures in
response to a combination of all of: i) determining to perform the intra-picture prediction
on the video data using the intra-block copy prediction, and ii) the prediction unit size
being less than a threshold, and iii) adaptive motion vector resolution, AMVR, being
disabled.

[0013b]  According to another aspect of the present invention, there is provided an
apparatus for encoding video data, the apparatus comprising: a memory configured to store
video data; and a processor configured to: obtain the video data; determine to perform
intra-picture prediction on the video data, using intra-block copy prediction, to generate a
plurality of encoded video pictures; perform the intra-picture prediction on the video data
using the intra-block copy prediction; in response to determining to perform the intra-
picture prediction on the video data using the intra-block copy prediction, disable at least
one of inter-picture bi-prediction and inter-picture uni-prediction for the plurality of
encoded video pictures; determine a prediction unit size; and generate the plurality of
encoded video pictures based on the video data according to the performed intra-block
copy prediction, the generating of the plurality of encoded video pictures comprising using
inter-picture bi-prediction or inter-picture uni-prediction if it was determined not to
perform intra-picture prediction on the video data using intra-block copy prediction to
generate the plurality of encoded video pictures, wherein the inter-picture bi-prediction or
the inter-picture uni-prediction is disabled for the plurality of encoded video pictures in
response to a combination of all of: i) determining to perform the intra-picture prediction
on the video data using the intra-block copy prediction, and ii) the prediction umit size
being less than a threshold, and iii) adaptive motion vector resolution, AMVR, being
disabled.

[0013c]  According to still another aspect of the present invention, there is provided a
method of decoding video data to generate a plurality of decoded video pictures, the
method comprising: receiving, in a video bitstream, encoded video data encoded using a
plurality of prediction modes, the plurality of prediction modes comprising: an inter-

picture uni-prediction mode, an inter-picture bi-prediction mode, and an intra-picture intra-

-4a -
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block copy mode; receiving, in the video bitstream, an indication that inter-picture bi-
prediction is disabled for a portion of the encoded video data, wherein inter-picture bi-
prediction is disabled when the intra-picture intra-block copy mode is enabled;
determining, based on the indication, a prediction mode from the plurality of prediction
modes for predicting a prediction unit of the portion of encoded video data; determining a
prediction unit size; and decoding the prediction unit of the portion of encoded video data
according to the determined prediction mode, wherein the video data is decoded using
inter-picture bi-prediction or inter-picture uni-prediction if it was determined that the intra-
picture intra-block copy prediction mode is not enabled for the plurality of encoded video
pictures, wherein the inter-picture bi-prediction or the inter-picture umi-prediction is
disabled in response to a combination of all of: 1) determining to perform the intra-picture
prediction on the video data using the intra-block copy prediction, and ii) the prediction
unit size being less than a threshold, and iii) adaptive motion vector resolution, AMVR,
being disabled.

[0013d] According to yet another aspect of the present invention, there is provided an
apparatus for decoding video data, the apparatus comprising: a memory configured to store
encoded video data received in a video bitstream and encoded with a plurality of
prediction modes, the plurality of prediction modes comprising: an inter-picture uni-
prediction mode, an inter-picture bi-prediction mode, and an intra-picture intra-block copy
mode; and a processor configured to: obtain the encoded video data from the memory;
receive, in the video bitstream, an indication that inter-picture bi-prediction is disabled for
a portion of the encoded video data, wherein inter-picture bi-prediction is disabled when
the intra-picture intra-block copy mode is enabled; determine, based on the indication, a
prediction mode from the plurality of prediction modes for predicting a prediction unit of
the portion of encoded video data; determine a prediction unit size; and decode the
prediction unit of the portion of encoded video data according to the determined prediction
mode wherein the video data is decoded using inter-picture bi-prediction or inter-picture
uni-prediction if it was determined that the intra-picture intra-block copy prediction mode
is not enabled for the plurality of encoded video pictures, wherein the inter-picture bi-
prediction or the inter-picture uni-prediction is disabled in response to a combination of all
of: i) determining to perform the intra-picture prediction on the video data using the intra-
block copy prediction, and ii) the prediction unit size being less than a threshold, and iii)

adaptive motion vector resolution, AMVR, being disabled.
-4b -
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[0014] The foregoing, together with other features and embodiments, will become
more apparent upon referring to the following specification, claims, and accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] [lustrative embodiments of the present invention are described in detail below

with reference to the following drawing figures:

[0016] FIG. 1 is a block diagram illustrating an example of an encoding device and a

decoding device, in accordance with some embodiments.

[0017] FIG. 2 is a block diagram illustrating an intra-block copy process.

-4¢ -
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[#618] FIG. 3 is a block diagram illustrating an intra-block copy process with

dispersed block vectors.

18819] FIG. 4 is a block diagram llustrating an intra-block copy process with block

vectors dispersed over multiple tiles.

{8628] FIG. § illustrates an embodiment of a process of encoding video data.
[8021] FIG. 6 illustrates an embodiment of a process of decoding video data.
[8822] FIG. 7 illustrates am embodiment of a process of encodmyg video data.

[0623] FIG. 818 a block diagram ithusivating an example video encoder, in accordance

with some embodiments.

[8624] FIG. 9 15 a block diagram ilustrating an example video decoder, in accordance

with some embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
18025] Certain aspects and emboediments of this disclosure are provided below. Some
of these aspeets and embodiments may be applied independently and some of them may
be applicd in combination as would be apparent to those of skill in the art. In the
following description, for the purposes of explanation, specific details are set forth in
order to provide a thorough understanding of embodiments of the invention. However,
it will be apparent that various embodiments may be practiced without these specific

ctails. The figures and description arc vot donded to be restrictive.

[3826] The ensuing description provides exemplary embodiments only, and is not
ntended to himit the scope, applicability, or configuration of the disclosure. Rather, the
ensuing description of the exeraplary embodiments will provide those skilled in the art
with an enabling description for tmaplementing an exemplary embodiment. It should be
understood that varions changes nway be made in the fimction snd arrangewment of
clements without departing from the spirit and scope of the invention as set forth in the

appended claims,

{3827 Specific details are given in the following description to provide a thorough

understanding of the embodiments. However, it will be umderstood by one of ordinary
5
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skdil in the art that the cmbodimments may be practiced without these specific details,
For example, cireuits, sysiems, networks, processes, and other componcots may be
shown as components in block diagram form in order not to obscure the embodiments in
umnecessary detaill  In other instances, well-known circuits, processes, algorithums,
structurcs, and technigues may be shown without unnecessary detail in order to aveid

obscuring the cmbodiments,

19628] Also, it is noted that individual cnibodimenis may be described as a process
which is depicted as a flowchart, 2 flow diagram, a data flow diagram, a structure
diagram, or a block diagram. Although a flowchart may describe the operations as a
sequential process, many of the operations can be performed i parallel or concurrently,
In addition, the order of the operations may be re-arranged. A process is terminated
when its operations are completed, but could have additional steps not mcluded in a
figure. A process may correspond to a method, a function, a procedure, a subroutinge, a
subprogram, etc. When a process corresponds to a function, its termuinpation can

correspond to a return of the function to the calling function or the main function.

{88291  The term “computer-readabls medium™ includes, but is not himited to, portable
or non-portable storage devices, optical storage devices, and various other medioms
capable of storing, containing, or carrying instruction(s) and/or data, A computer-
readable medivm may include a non-transitory medium in which data can be stored and
that does not inclode carrier waves and/or transitory electronic signals propagating
wirelessly or over wired connections.  Examples of a non-transitory medinn may
include, but are not hmited to, 8 magnetic disk or tape, optical storage media such as
compact disk (CD) or digital versatile disk (DVD), flash memory, memory or memory
devices. A computer-readable medium may have stored thereon code and/or machive-
exeoutable mstructions that may represent a procedure, a function, a subprogram, a
program, a vouting, a subroutine, 2 module, a software package, a class, or any
combination of instructions, data structares, or program statements. A code segment
may be coupled to another code segment or a hardware circuit by passing and/or
receiving information, data, arguments, parameters, or memaory contents.  Information,
argoments, parameters, data, cte. may be passed, forwarded, or transmitted via any
suttable means including memory sharing, message passing, token passing, network

trapsmussion, or the like.
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{#638] Furthermore, embodiments may be implemented by hardware, software,
firmware, middleware, microcode, hardware description languages, or any combination
thereof. When implemented in software, firmware, middloware or microcode, the
program code or code segments o perform the necessary tasks (e.g., a computer-
program product) may be stored in a computer-readable or machine-readable medium,

A processor(s) may perform the necessary tasks.

19631] Scveral systems and methods of video coding using video encoders and
decoders are described hercin, For cxample, one or more systems and methods are
dirccted to handling of unavailable layers, fayer sets, and operation points, as well as

restrictions on representation format parameters in mulii-layer video coding.

18832]  As more devices and systems provide consumers with the ability to consume
digital video data, the need for efficient video coding techmiques becomes more
important.  Video coding is needed to reduce storage and transmission requirements
necessary to handle the large amounts of data present in digital video data.  Various
video coding technigues may be used to compress video data into a form that uses a

fower bit rate while maintaining high video guality.

18833] FIG. 1 is a block disgram illustrating an example of a system 100 including an
encoding device 104 and a decoding device 112, Encoding device 104 may be part of a
source device, and the decoding device 112 may be part of a receiving device. The
source device and/or the receiving device may include an clectronic device, such as a
mobile or stationary telephone handset {c.g., smariphone, cellular telephone, or the
ke, a desktop computer, a faptop or notebook computer, a tablet computer, a set-top
box, a television, a camera, a display device, a digital media player, a video gaming
consele, a video streaming device, or any other suitable electronic device. In some
exasuples, the source device and the receiving device may inchide one or more wireless
transceivers for wireless commumications. The coding techniques deseribed herein are
applicable to video coding in various multimedia applications, including streaming
video transmissions {e.g., over the Internet), television broadcasts or transmissions,
encoding of digital video for storage on a data storage medivm, decoding of dignal
video stored on a data storage medium, or other applications. In some examples, system

100 can support one-way or two-way video fransmission to support appications such as
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video counferencing, video streaming, video playback, video broadcasting, gaming,

and/or video telephouny.

{8834] The encoding device 104 {or encoder) can be used to encode video data using
a video coding standard or protocol to generate an encoded video bitstream.  Video
coding standards include FTU-T H.261, ISOAEC MPEG-1 Visual, [TU-T H.262 or
ISQAEC MPEG-2 Visual, ITU-T H263, IBO/EC MPEG-4 Visual and I'TU-T H.264
{also known as ISOAEC MPEG-4 AV(), including its Scalable Video Coding (8V()
and Multiview Video Coding (MVC) exiensions. A more recent video coding standard,
High-HEfficiency Video Coding (HEVO), has been finalized by the Jout Collaboration
Team on Video Coding (JCT-VC) of ITU-T Video Coding Experts Group (VCEG) and
ISO/EC Metion Picture Experts Groop (MPEG). Varicus extensions to HEVC deal
with multi-layer video coding and are also being developed by the JCT-VC, including
the multiview extension to HEVC, called MV-HEVC, and the scalable extension to
HEVC, called SHVC, or any other suitable coding protocol. An HEVC draft
specification is available  from  hitp:/phenix.it-sudparis.eu/ict/doc_end user/
documents/17 Valencia/wgl VICTVE-Q1003-vizip. A working draft of MV-HEVC 1
available from http://phenix.it-sudparis.cu/jet2/doc
end user/documents/8 Valeoncia/wel /) JCT3V-HI602-v3zip. A working draft of
SHYC 15 available from hitp://phonix. it-

sudparis.cu/jct/doc_end user/documents/17 Valencia/wgl 1/JCTVC-Q1008-v2.zip.

18838] Many embodiments described herein describe examples using the HEVC
standard, or extensions thereof. However, the techmiques and systems deseribed herein
may also be applicable to other coding standards, such as AVC, MPEG, extensions
thereof, or other sunable coding standards.  Accordingly, while the techniques and
systems described herein may be described with reference to a particular video coding
standard, one of ordinary skill in the art will appreciate that the description should not

be mterpreted to apply only to that particular standard.

18836] A wideo source 142 may provide the video data to the encoding device 104,
The video source 102 may be part of the source device, or may be pant of a device other
than the source device. The video source 102 may include a video capture device {e.g,,
a video camera, 8 camera phone, a video phone, or the like). a video archive containing
stored video, 3 video server or comtent provider providing video data, a video feed
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interface receiving video from a video server or content provider, a computer graphics
system for generating compuier graphics video data, a combination of such sources, or

any other suitable video source,

18637] The video data from the video source 102 may include one or more input
pictures or frames. A picture or frame is a still image that is part of a video. The
encoder engine 106 (or encoder) of the encoding device 104 encodes the video data to
generate an encoded video bitstream. An HEVC bitstream, for exaraple, may inchude a
sequence of data units called network abstraction layer (NAL) units. Two classes of
NAL units exist in the HEVC standard, including video coding layer (VCL)Y NAL units
and non-VCL NAL units. A VCL NAL unit includes one slice or slice segment
{described below) of coded picture data, and a non-VCL NAL wunit includes control
information that rclates to nultiple coded pictures. A coded picture and non-VCL NAL

units (if any) corresponding to the coded picture is called an access unit (AU).

[8638] NAL units may contain a sequence of bits forming a coded representation of
the video data, such as coded representations of pictures  a video. The encoder engine
106 generates the coded representation by partitioning each picture into multiple shcees.
A slice 1s independent of other slices so that information in the slice is coded without
dopendency on data from other shees within the same picture. A shice imcludes one or
more slice segments inchiding an independent slce segment and, if present, one or more
dependent shice segments that depend on previous shice segments. The slices are then
partitioned into coding tree blocks (TUTBs) of tuma samples and chroma samples. A
CTH of luma samples and one or more CTHs of chroma samples, along with syntax for
the samples, are referred to as a coding tree unit (CTU). A CTU is the basic processing
unit for HEVC encoding. A CTU can be split into multiple coding units (Cls) of
varying sizes. A CU contains luma and chroma sample arrays that are referred to as

coding blocks {CBs).

18639  The huma and chroma CBs can be further split into prediction blocks (PBs). A
PB i a block of samples of the loma or a chroma component that uses the same motion
parameters for inter-prediction. The loma PB and one or more chroma PBs, together
with associated syntax, form a prediction unit (PU). A set of motion parameters is
signaled i the bitstream for cach PU and 15 used for inter-prediction of the huma PB and
the one or more chroma PBs. A CB can also be partitioned into one or more transform
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biocks {TBs). A TB represcnts a squarc block of samples of a color component on
which the same two-dimensional trapsform is applied for coding a prediction residual
signal. A transform usit (TU) reprosents the T8s of luma and chroma samples, and

corresponding syntax clements.

18848] A sive of a CU corresponds to a size of the coding node and is square in shape.
For example, 2 size of a CU roay be ¥ x 8 samples, 16 x 16 samples, 32 x 32 samples,
64 x 64 samples, or any other appropriate size up to the size of the corresponding CTUL
The phrase "N x N" is used herein to refer 1o pixel dimensions of a video block i terms
of vertical and horizontal dimensions (e.g., § pixels x ¥ pixels). The pixels in a block
may be arranged in rows and coluoms. In some embodiments, blocks may not have the
same nomber of pixels in a horizomal direction as in 2 vertical divection. Syntax duta
assoctated with a CU may deoscribe, for example, partitioning of the CU into one or
more PUs, Partitioning moedes may differ between whether the CU 1s indra-prediction
mode encoded or inter-prediction mode encoded. PUs may be partitioned to be non-
square in shape. Syntax data associated with a CU may also describe, for example,
partitioning of the CU o one or more TUs according to a CTU. A TU can be square

of non-square in shape.

{86411  According to the HEVC standard, transformations may be performed using
transtormn vrnits (TUs), TUs may vary for different CUs. The TUs may be sized based
on the size of PUs within a given CUJ. The TUs may be the same size or smaller than
the PUs. In some examples, residual samples corresponding to a CU may be subdivided
into smaller units using a quadtree structure known as residual quad tree (RQT). Leaf
nodes of the RQT may correspond to TUs. Pixel difference values associated with the
TUs may be transformed to produce wransform coefficients. The wansform coefficients

may then be quantized by the encoder engime 106,

{8842] Omece the pictures of the video data are partitioned into CUs, the encoder
engine 106 predicts each PU using a prediction mode. The prediction s then subtracted
from the original video data to get residuals (desceribed below).  For each CU, a
prediction mode may be signaled inside the bitstream using syntax data. A prediction
mode may include intra-prediction (or infra-picture prediction) or inter-prediction {or
inter-picture prediction). Using intra-prediction, each PU is predicted from neighboring
image data in the same picture using, for example, DC prediction to find an average
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value for the PU, planar prediction to fit a plan surface to the PU, direction prediction to
extrapelate from neighboring data, or any other suitable types of prediction.  Using
wer-prediction, each PU 15 predicted using wmotion cormapensation prediction from
image data in one or more reference pictures {(before or after the current picture in
output order). The decision whether to code a picthure arca using inter-picture or intra-

picture prediction may be made, for example, at the CU level,

[#643] Intcr-prediction using uni-prediction, each prediction block uses at most one
motion compensated prediction signal, and generates P prediction units.  Inter-
prediction using bi-prediction, each prediction block each prediction block uses at most

two motion compensated prediction sigoals, and geverates B prediction units.

18844] A PU may include data related to the prediction process. For example, when
the PU 15 encoded using intra-prediction, the PU may include data describing an wtra-
prediction mode for the PU. As another example, when the PU is encoded using inter-
prediction, the PU may include data defining a motion vector for the PU. The data
defining the motion vector for a PU may describe, for example, a horizontal component
of the motion vector, a vertical component of the motion vector, a resolution for the
motion vector (e.g. one-quarter pixel precision or one-cighth pixel precision), a
reference picture o which the motion vector points, and/or a reforence pictare list {e.2.,

List {, List 1, or List C) for the motion vector.

[8645] The encoder 104 may then perform trassformation and guantization. For
example, following prediction, the encoder engine 106 may calculate residual valoes
corresponding to the PU. Reeidual valoes may comprise pinel difference valoes. Any
residual data that may be remaining after prediction is performed is transformed using a
block transform, which may be based on discrete cosine transform, discrele sine
transform, an integer transform, a wavelet transform, or other suitable transform
function. In some cases, one or mwore block transforms (e.g., sizes 32 x 32, 16 x 16, 8 x
8,4 x 4, or the like) may be applicd 10 residual data 1n each CU In some embodiments,
a TU may be used for the transform and quantization processes implemented by the
encoder engine 106, A given CU having one or more PUs may also inclade one or
more TUs. As described in further detail below, the residual values may be transformed
into transform coefficients using the block transforms, and then may be quantized and
scanned using TUs to produce serialized transform coefficients for entropy coding.

-11-
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[#646] In some cmbodiments following intra-predictive or inter-predictive coding
using PUs of a CU, the encoder engine 106 may calculate residual data for the TUs of
the CU. The PUs may comprise pixel deta in the spatial domain {or pixel domain}, The
Tls mey comprise coefficients in the transform domain following application of a
block transform. As previously noted, the residual data may correspond to pixel
diffcrence valucs between pixcls of the unencoded picture and prediction values
corresponding to the PUs. Encoder engine 106 may form the TUs including the residual
data for the CU, and may then transform the TUs to produce transform coefficionts for

the CU.

8847 The encoder engine 106 may perform quantization of the transform
coctficients. Quantization provides further compressing by quardizing the transform
coctiicicnis to reduce the amount of data used to represent the cocfficients,  For
exaniple, gouandization may reduce the bit depth associated with sceme or all of the
cocfficients. In one example, a coctficient with an n-bit value may be rounded down to

ap m-bit valuc during quantization, with n being greater than m.

1#048] Once quantization is performed, the coded bitstream includes quantized
transform cocfficients, prediction informwation (e.g., prediction modes, motion vectors,
or the like), partitioning mformation, and any other suitable data, such as other syntax
data. The difforent elements of the coded bitstream may thon be endropy enceded by the
encoder engine 106,  In somic cxamples, the encoder cngine 106 may utilize a
predefined scan order to scan the quantized transform cocfficients to produce a
serialized vector that can be entropy encoded.  In some examples, encoder engine 106
may performa an adaptive scan. After scanuving the quantized tramsform coefficients to
form a one-dimensional vector, the encoder engiue 106 may entropy encode the one-
dimensional vector.  For guample, the encoder engine 106 may use context adaptive
variable length coding, context adaptive binary arithmetic coding, syntax-based context-
adaptive binary arithmetic coding, probability imterval partitioning entropy coding, or

another suitable entropy encoding technique.

18849]  As previously described, an HEVC bitstream inchides a group of NAL units.
A sequence of bits forming the coded video bitstream is present in VCEL NAL units.
Non-VUL NAL units may contain parameter sets with high-level informaton relating to
the encoded video bitstream, 1n addition to other information. For example, a parameter
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set may include a video parameter st (VPS), a sequence parameter set (3PS), and a
picture parameter set (PPS). The goal of the parameter sets is bit rate efficiency, emror
resilioncy, and providing systeros laver derfaces, Hach shice references a single active
PPS, SPS, and VPS to access information that the decoding device 112 may use for
decading the slice. An identifier (ID) may be coded for cach parameter set, including a
VPS I, an SPS 1D, and a PPS ID. An SPS includes an 8PS D and a VPS D, A PPS
includes a PPS 1D and an SPS 1D. Each shice header includes a PPS 1D, Using the 1Ds,

active paranicter sets can be identified for a given slice.

[8858] A PPS includes mformation that apphies to all shices m a given picture.
Because of this, all slices in a picture refer to the same PPS. Slices in different pictures
may also refer to the same PPS. An SPS includes information that applies to all pictures
in a same coded video sequence or bitstream. A coded video sequence is a series of
access units that starts with a random access point picture {¢.g., an fnstantancous decode
reference (1DR) picture or broken link access (BLA) picture, or other appropriate
random access point picture) and includes all access units up to but not including the
next random aceess point picture {(or the end of the bitstream). The information in an
SPS does not typically change from picture to picture within a coded video sequence.
All pictures in a coded video sequence use the same SPS. The VPS includes
information that applics to all layers within a coded video sequence or bitstream. The
VPS inchades a syntax structure with syntax clements that apply to entire coded video
sequences.  In some embodiments, the VPS, 8PS, or PPS may be transmitted in-band
with the encoded bitstreams.  In some embodiments, the VPS, SPS, or PPS may be
transnyitied out-of-band in a separate transmission than the NAL units containing coded

video data.

18851] The output 110 of the encoding device 104 may send the NAL units making
up the encoded video data over the compumications link 120 to the decoding device 112
of the receiving device. The input 114 of the decoding device 112 may receive the
NAYL units. The commumications hnk 120 may include a signal transmitted using a
wireless network, a wired network, or a4 combination of a wired and wireless network.
A wircless network may include any wireless interface or combination of wireless
interfaces and may inclade any suitable wircless network (c.g., the Internet or other

wide arca network, a packet-based network, WiFi'Y, radio freguency (RF), UWR,
[ i Y
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WiFi-Dyirect, cellular, Long-Term Evolution (LTE), WiMax™

, ot the fike). A wired
network may include any wired imterface (e.g., fiber, ethernot, powerline cthernet,
ethernet over coaxial cable, digital signal hne (DSL), or the hke). The wired and/or
wircless networks may be implemented using various equipment, such as hase stations,
routers, access points, bridges, gateways, switches, or the like. The encoded video data
may be moedulated according to 8 commupication standard, such as a wircless

communication protocol, and frangmitted 1o the receiving device.

18852] In some examples, the encoding device 104 may store encoded video data in
storage 108, The output 110 may retrieve the encoded video data from the encoder
engine 106 or from the output 1106, Storage 108 may include any of a variety of
distributed or locally accessed data storage media.  For cxample, the storage 108 may
include a hard drive, a storage disc, flash memory, volatile or non-volatile memory, or

any other suitable digital storage media for storing encoded video data,

[8633]  The input 114 receives the encoded video data and may provide the video data
to the decoder engine 116 or to storage 118 for later use by the decoder engine 116,
The decoder engine 116 may decode the encoded video data by entropy decoding {e.g.,
using an entropy decoder) and extracting the clements of the coded video sequence
making up the encoded video data.  The decoder engine 116 may then rescale and
perform an inverse transform on the encoded video data, Residues are then passed 1o a
prediction stage of the decoder engine 116, The decoder engine 116 then predicts a
block of pixels (e.g., a PLI). In some examples, the prediction is added to the owtput of

the nverse transform.

{8834] The decoding device 112 may outpat the decoded video 6 a video destination
device 112, which may inclede a display or other output device for displaying the
decoded video data to a consumer of the content. In some aspects, the video destination
device 122 may be part of the receiving device that includes the decoding device 112,
In some aspects, the video destination device 122 may be part of a separate device other

than the receiving device.

{88385] In some embodiments, the video encoding device 104 and/or the video
decoding device 112 may be imntegrated with an aodio encoding device and audio
decoding device, respectively.  The wvideo enceding device 104 and/or the video

decoding device 112 may also inclade other hardware or software that is necessary to
-14-
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implement the coding techniques described above, such as one or more
microprocessors, digital signal processors {(IDSPs), application specific integrated
circuits {ASICs), field programomable gate arrays (FPGAs), discerete logic, software,
hardware, firmware ot any combinations thereof. The video encoding device 104 and
the video decoding device 112 may be integrated as part of a combined cncoder/decoder
{codec} 1 a rospective device. An example having specific details of the encoding
device 104 is described below with reference to FIG. 8. An example having specific

details of the decoding device 112 s described below with reference to FIG, 9.

18856] As noted above, extensions to the HEVC standard include the Multiview
Video Coding extension, referred to as MV-HEVC, and the Scalable Video Coding
extension, referred to as SHYC., The MV-HEVC and SHVC extensions share the
concept of layered coding, with differcnt layers being included in the encoded video
bitstreamn,  Each layer in a coded video sequence is addressed by a umique laver
identificr (ID}. A layer 1D may be present in a header of a NAL unit to identify a layer
with which the NAL unit is associated.  In MV-HEVC, difforent layers usually
represent different views of the same scone in the video bitstream. In SHVC, differcnt
scalable lavers are provided that represent the video bitstream in different spatial
resolutions {or picture resolution) or in different reconstruction fidelitios. The scalable
fayers may melude a base layer (with layer 1D = 0) and one or more enhancement layers
(with layer [Ds = 1, 2, ... 1. The base layer mav conform 1o a profile of the first
version of HEVC, and represents the lowest available layer in a bitstreamm.  The
enhancement layers have increased spatial resolution, temporal resolution or frame rate,
and/or rveconstruction fidelity (or quality) as compared to the base laver. The
enhancement layers arc hierarchically organized and may (o1 may not) depend ou lower
fayers. In some cxamples, the different layers may be coded using a single standard
codec {e.g., all layers are encoded using HEVC, SHV, or other coding standard). In
some examples, different layers may be coded using a multi-standard codec.  For
example, a base layer may be coded using AVC, while one or more enhancement layers

may be coded using SHYC and/or MV-HEVC cxtensions to the HEVC standard.

18887] As previously described, various prediction modes may be wsed in a video
coding process, including intra-prediction. One form of intra-prediction includes intra—

hiock copy. The mira-block copy was ncluded i the HEVC range extension working
block v. The intra-block Y fuded in the HEVC g 1 king
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draft text (JCTVC-P1003). Using redundancy in an image framae or picture, jatra-block
copy performs block matching to predict a block of samples (e.g., a CU, a P, ot other
coding block} as a displacement from a reconstructed block of samples n a neighboring
region of the image frame. By removing the redundancy from repeating patterns of

content, the inira-block copy prediction improves coding cfficicncy.

[8858] Techniques and systems described herein relate to improving memory
bundwidth efficiency, lHmiting worst case memory accesses, and other aspects of intra-
block copy. The aspects and methods m this document are applicable to HEVC and s
extensions, such as screen content coding, or other extensions. For example, coding
tools may be taplemented for coding sereen-content material, such as text and graphics
with motion. Further, technologies may be provided that improve the coding efficiency
for screen content.  Significant ymprovements in coding efficiency can be obtained by
exploiting the characteristics of screen content with various coding tools. For example,
somie aspects support of possibly high bit depth (more than 8 bit), kigh chroma sampling

format (ncluding 4:4:4 and 4:2:2), and other improvements,

[8839] The intra-block copy tool described herein enables spatial prediction from
non-neighboring samples but within the current picture.  For example, FIG. 2 llustrates
a coded picture 200 1n which mtra-block copy 15 osed to predict a current coding unit
202, The current coding vnit 202 s predicted from already decoded prediction block
204 (before in-loop filtering) of the coded picture 200 using the block vector 206. In-
foop filtering way include both in-loop de-blocking filier and Sample Adaptive Offset
(SAC). In the decoder, the predicted values are added to the residues without any
interpolation.  For example, the block vector 206 may be signaled as an integer value.
After block vector prediction, the block vector differcnce is encoded vsing a motion
vector difference coding method, such as that specified in the HEVC standard. Intra-
block copy is enabled at both CU and PU level. For PU level intra-block copy, 2NxN
and NX2ZN PU partition is supported for all the CU sizes. In addition, when the ClJ s

the smallest CU, NxN PU partition 1s supported.

[8868] Conirary to traditional intra-prediction modes, intra-block copy (IBC) allows
spatial prediction from non-neighboring samples.  These non-neighboring sarmples

o

could be from any of the already decoded samples (before in-loop filtering) within the
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samae picture and signaled by a block vector. Memory accesses of these non-
neighboring samples increase the overall memory bandwidth when IBC is used. For
exaniple, increased read saccess is caused, at least in part, by fetching of spatial
prediction samaples (that arc not in cache/local memory). It may be noted that in
traditional intra mode, the neighboring samples used are only 1 row of above samples
and 1 column of left samples and are possible to be placed wnto the cache. In contrast,
when IBC 1s used, all previously enceded/decoded samples may be used as & veference
umit. In order to support the increased nmaber of available samples, the system supports
additional memory usage. Increased write access is caused due, i part, to the storage
of both umfiltered sampies for [BC spatial prediction, and filtered reconstructed samples

for output/temporal prediction for future pictures.

{8861] The HEVC standard defines a worst case bandwidth reguirement.  The
increased bandwidth described above may, in some cases, be greator than HEVC worst
case bandwidth requirement.  The increased bandwidth poses a burden on
implementation of IBC techniques, and may make it difficult to re-purpose an HEVC

core to support screen content extensions or an HEVC extension that supports IBC,

18862] Furthermore, large scarch ranges used in IBC may lead to disperse block
vector distributions resufting v bandwidth and performance system loads that could
make it extremely difficult to hmplement.  As shown in the example in FIG, 3, it is
possible that the distribution of IBC block vectors with a CU could be dispersed.
Potentially this couid lead to the need of fetching the samples from external memory
{DDR)} as all the prediction samples may not be available in the cache. To fit all the
prediction blocks within the cache arca requires the system to have extremely large
cache, which 1s expensive and not feasible in low power designs. This drastically
affects the system bandwidth, performance and cost. Such block vector distributions

are more probable as the search range increases.

18063] The large scarch range could lead to block vectors distributions across tiles
resulting in severe performance rapact on parallelization. As shown in the example in
FIG. 4, it is possible that the distribution of IBC block vectors with a CU could be

dispersed across multiple tiles,
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{#064] For Low delay P coding, it is asserted that worst case nuunber of block and/or
motion vectors with existing IBC design could be higher than the worst case number of
motion vectors of HEVC {for s CU, a CTB, or other coding unit or block)., This is due
to supporting NxN for the smallest CU size. The high nomber of block and/or motion

vectors imposes additional burden on the possible nomber of loads.

18868] Line-based IBC includes partitions with finer granularity than traditional IBC,
including partitions as smalf as g line, Line-based 1BC may increase the number of
motion vectors larger than the existing HEVC design.  Higher motion vectors would

results in increased sample fetching thereby tncreasing the bandwidth.

{8866] Using slices may help significantdy for crror resiliency. An intra slice may be
self-contained and decodable i standaione.  However, IBC might ntroduce
dependency of an I-shice with respect to another slice impacting its error resilience

capability.

{8867] Various aspects of intra-block copy are discussed herein, in view of the above
shortcomings in addition to others. Each of the discussed features can work separately
or jointly with one or more other solutions. The discussed methods, systems, and
aspects applics to IBC, but can also be applied to other coding tools, for cxample, with
kigh bandwidth and cache requirements, such as, for example, 1-D dictionary, paletie,

or other coding tools.

Bi-prediction restriction when IRC ik enabled

18868] In HEVC, 8x8 pixel block bi-prediction represents the worst case bandwidth
requirement. [t is beneficial if the all the HEVC extensions also follow the same worst
case bandwidth requirement. Hence, to reduce the memory read aceesses and to keep
the bandwidth within the imits of HEVC worst case requircments, restrictions o bi-

prediction when 1BC is enabled are discussed below.

8069]  In some embodiments, as a consequence of 1BC being enabled, the inter-frame
bi-prediction is disabled. For example, in response to & state corresponding to intra-

frame prediction with IBC, inter-frame bi-prediction may be disabled. As a result, with
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1BC, demand on system resources, such as memory bandwidth, is effectively reduced

from inter-frame bi-prediction fo intra-frame prediction.

{8878] Tn some embodiments, one or more additional conditions may be required to
disable inter-frame bi-prediction. Because smaller prediction blocks require more
system resources, such as memory bandwidth, than large prediction blocks, prediction
block size may be an additional requirement for disabling inter-frame bi-prediction. For
example, in some embodiments, as a consequence of IBC being enabled and also the
prediction block sive being less than or equal to a predefined size, the nter-frame bi-
prediction is disabled. The predefined size may, for example, be 4x4 pixels, 4x8 pixels,

’x4 pivels, 8x8 pixels, 8x16 pivels, 16x16 pixels, 32x32 pixels, or another sive.

8671] Insome embodiments, a flag can be used {o specify or indicate if bi-prediction
is to be disabled or not as a consequence of 1B being enabled. In some embodinents,
the flag indicates whether the restriction on bi-prediction is applied, for example, at any
of various data consiruct lovels. For example, the flag may indicate that the restriction is
applied to one or more sequences, pictures, slices, or other data uniis, The flag may be
signaled at one or more of the following parameter sets: VPS8, SPS, PPS, video usability

information (VUT), stice header or their respective extensions.

[6872] In some cmbodiments, the following, or cquivalent, scquence parameter sct
raw byte sequence paylod (RBBP) syntax is used. In this embodiment, the bi-prediction
is disabled as a consequence of the prediction block size being less than or equal to 8x8

{e.g., based on JCTVC-PI00S v4),

seq_parameter_sei_rhsp( ) ¢ Descriptor
sps_video_parameter_set id u4)

u(1)
inira_smoothing_disabled flag u(l)
high_precision_offsets_enabled _flag u(l)
fast_rice adaptation_enabled _flag u(l)
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cabae bypass alipnment enabled flag w1}

N

if{sps screen content coding flag

intra_Bblock copy_ restriction_enable flag u()

if{ sps_extension 7bits }

N

while{ more thsp data( )}

sps_extension data flag u{1)

rhsp trailing bits()

[88673] 1Insome embodiments, the folowing, or equivalent, SPS Semantics are used:

[6874] intra_bleck copy_resiriction_emabled flag cqual to 1 specifies that
restriction on bi-prediction is enabled when IBC is used during the decoding process for

mtra-frame prediction,

[8875] intra bleck copy restriction_enabled flag equal to O specifies that
restrictions on bi-prediction based on use of IBC are not applicd. When not present, the

value of intra block copy enabled flag may be inferred to be squal o .
8876] Decoding process

18877 The value of inter_pred_ide x0 §{ y0 ] that specifies whether HstQ, list], or bi-

prediction is used for the current prediction unit is derived according to Table 1.
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s

Pable 1 — Name association to inter prediction mode

inter pred ide Name of inter_pred_idc

{ nPhW + uPb { nPbW + nPb
H) > intra block co {H ) <= intra_block

py_enabled flag 16 :|copy enabled flag

12 16142
0 PRED L0 PRED 10
i PRED L1 PRED L1
2 PRED Bl n/a

8078] In JCTVC- T100S, adaptive mwotion vector resolution (AMVR) feature is
enabled using a signalled flag “use_integer mv flag”. The semantics of the flag arc as

follows.

8079] wse integer mv flag being ogual to 1 specifics the resclution of motion
veotors for inter prediction. When not present, the vahie of use integer mv flag is

mferred to be equal to motion vecior resolution _control ide.

[B088] wse Integer mv flag being non-zero specifies that the resolution of luma
motion vectors in the corrent shice are considered as imteger pel. Consequently,
fractional futerpolation may not be required for all luma samples in the slice. When
fractional iterpolation is not required, the additional samples required for interpolation
arc not loaded and hence, the worst case memory bandwidth is reduced, and may be

lower than the HEVC worst case.

[B881]  In some embodiments, at lcast one of uni-prediction and bi-prediction arc
disabled for inter pictures of a predetermined block size as a result of IBC usage, and
further as a result of the state of use integer mv flag. This results in the bandwidth

usage staying within the Hmits of HEVC worst case bandwidih requirement.
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[9682] In somc emboediments, the conditions for disablng bi-prediction includes IBC
being cnabled, the use integer mv flag being zero, and the prediction block being less
than (or Icss than or equal o) a predefined size. The predefined size may, for example,
be 4x4 pixels, 4x8 pixels, 8x4 pixels, 8x¥ pixels, 8x16 pixels, 16x16 pixels, 32x32
pixels, or another size. In one example, bi-prediction may be disabled for a prediction
block as a result of the prediction block size being less than or equal to an 8x8 size, or

another size, in addition to IBC being cnabled and use_integer mv_flag being zero.

188831 1o some embodiments, the conditions for disabling uni-prediction inchades
1BC being enabled, use integer mov flag bemg zero, and the prediction block is less
than (ot less than or equal to} a predefined size. The predefined size may, for example,
be 4x4 pixcls, 4x8 pixels, 8x4 pixels, 8x8 pixels, 8x16 pixels, 16x16 pixels, 32x32
pixcls, or another size. In one cxanple, as a vesult of IBC being cnabled and
use intoger mwv_flag being zevo, the inter-frame uni-prediction is disabled for a

prediction block with a size that is less than or equal to an 8x8 size, or another size.

{8884] In some embodiments, the conditions for disabling both wni-prediction and bi-
prediction includes IBC being enabled, use integer mv flag being zero, and the
prediction block is less than (or less than or equal to} a predefined size. The predefined
size may, for example, be 4x4 pinels, 4x8 pixels, 8x4 pixels, 8x8 pixels, 8x16 pixels,
16x16 pixels, 32x32 pixels, or another size. In one example, as a resubt of IBC being
enabled and use integer mwv flag being zero, the inler-frame uni-prediction and bi-
prediction are disabled for a prediction block with a size that is less than or equal to a

16x16 size, or another size.

8085]  In some ombodimenis, the disabling of prediction discussed herein is not
applied if & bi-predicted block 1s bi-predicted from the same reference block, such that
the motion vectors of the prediction refer to the same reference block and are identical.
For example, the disabling of uni-prediction and/or bi-prediction may have ycot another
condition to their application — that the bi-predicted block triggering the disabling not
be predicted from the same reference block, such that the motion vectors of the

prediction refer to the same reference block and are identical.

18086] FIG, 5 illustrates an embodiment of a process 500 of encoding video data with
IBC and having bi-prediction and/or uni-prediction sclectively disabled. The process

lg2g]
-
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500 is implemented to gencrate a plurality of encoded video pictures. In some aspects,
the process 500 may be performed by a computing device or an apparatus, such as the
encoding device 104 shown 1o FIG. 1. For exanple, the computing device or apparatus
may include an encoder, o1 a processor, mMICIOProcessor, microcomputer, or other

component of an encoder that is configured to carry out the steps of process 500,

18887] Process 500 is iliustrated as a logical flow diagram, the operation of which
represents a sequence of operations that can be implemented in havdware, computer
instructions, or & combination thereof.  In the context of computer nstructions, the
operations represent computer-executable instructions stored on one or more computer-
readable storage media that, when executed by one or more processors, perform the
secited operations. Cencrally, computer-executable instructions include routines,
programs, objects, components, data structures, and the like that perform particular
functions or implement particular data types. The order in which the operations are
described s not intended to be comstrued as 8 limitation, and any number of the
described operations can be combined in any order and/or in parallel to implement the

Processes.

{86838] Additionally, the process 500 may be performed under the control of one or
more computer systems configured with  exccotable instructions and may be
implemented as code (e.g., executable instructions, one or More computer programs, or
onc or more applications) executing collectively on one or more processoss, by
hardware, or combinations thereof. As noted above, the code may be stored on a
computer-readable or machine-readable storage medinm, for example, in the form of a
compriter program comprising @ plurality of instructions execotable by one or more
processors. The computer-readable or maching-readable storage medium may be non-

transitory.

[8088] At 502, the process 500 of encoding video data includes obtaining video data
at an encoder. In some embodiments, the encoder is configured to porform inter-picture
uni-prediction on the video data to gencrate a plurality of P prediction units, to perform
inter-picture bi-prediction on the video data to generate a plurality of B prediction units,
and to perform intra-pichure prediction on the video dats, using intra-block copy

prediction, to encode a prediction unit. When performed, the inter-picture uni-prediction
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may, for example, generate a plarality of P prediction units. When perfornied, the inter-
picture bi-prediction may, for exaraple, generate a plurality of B prediction units. When
performed, the intra-picture prediction uses intra-block copy prediction to generate, for

example, a plorality of I prediction units,

{8694 At 504, the process SO0 inchides detormining to perform the mira-picture
prediction on the video data, using intra-block copy prediction, to generate a plurality of
encoded video pictures. The determining, may, for example, be in response to a state
indicating an intra-block copy mode.  In some embodiments, a signaling flag is
generated for a decoder, where the signaling flag mndicates the mira-block copy mede.
For example, a value of 1 for the signaling flag may mndicate that an ntra-block copy
mode is performed. In another example, a value of O for the signaling flag may indicate

that an intra-block copy mode 13 not performed.

18881] At 506, the process 500 includes performing the intra-picture prediction on the
video date using the intra-block copy prediction. For example, the intra-picture
prediction may be performed using the intra-block copy prediction in accordance with a
programed state of the encoder. The intra-block copy prediction process may inchude

aspects of wntra-block copy processes discussed elsewhere herein

[6892] At 508, the process 5300 includes, in response to determining to perform the
mtra-picture prediction on the video data using the imira-block copy prediction,
disabling at least one of the imter-picture bi-prediction, or the uter-picture umi-
prediction for the plurality of enceded video pictures, In some ombodiments, the iotra-
pictare prediction and the disabling are performed in response to the signaling flag. In
some embodiments, fu response to the sigoualing flag, both the inter-picture bi-prediction
performance and the intor-picture ust-prediction performance are disabled.  The
disabling of prediction may include aspects or may be in response to other factors

discussed elsewhere herein.

{B883] At 510, the process 500 includes generating the phwality of encoded video
pictures based on the recetved video according to the mtra-block copy predietion, using
for cxample, aspects of processes discussed elsewhere heren. For example, the
encoded video pictures may be generated using the intra-block copy prediction on the
video data.
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{#694] In some embodiments, the process 300 includes other aspects discussed herein,
For example, in some embodiments, the process 500 includes performing inter-picture
vni-prediction on the video data to gonerate 8 plurality of P prediction units. In some
embodiments, the process 300 inclodes determining a prediction onit size, wherein
performing the inter-picture bi-prediction or uni-prediction is disabled for the plurality
of cacoded video pictures in response fo the combination of both: determining to
perform the intra-picture prediction on the video data using the intra-block copy
prediction, and the prediction unit size being less than a threshold. In some
cmbodiments, in the process 500, the inter-picture bi-prediction and inter-picture uni-
prediction are disabled for the plurality of encoded video pictures in response to the

combination.

18095] 1o some ombodiments, the encoder is further capable of adaptive motion
veetor resclution (AMVR), and the process 500 also includes determining a prediction
unit size, wherein the infer-picture bi-prediction or inter-picture uni-prediction is
disabled for the plurality of encoded video pictures in response to the combination of all
of! deternvining to perform the intra-picture prediction on the video data using the mira-
block copy prediction, the prediction unit size being less than a threshold, and receiving
an indication that AMVR is disabled. The combination may further inchade the wer-
prediction bi-prediction having at least one of differcnt reference units and different
motion vectors. The inter-picture bi-prediction and inter-picture uni-prediction may be
disabled for the plurality of encoded video pictures in response to the combination. The
combination may further melude the inter-prediction bi-prediction having at least one of

different reference units and different motion vectors,

18896] FIG. 6 illustrates an embodiment of a process 600 of decoding video data with
1BC and having bi-prediction and/or uni-prediction selectively disabled. The process
600 1s implemented to decode a plurality of encoded video pictures. In some aspects,
the process 600 may be performed by a computing device or an apparatus, such as the
decoding device 112 shown in FI1G. 1. For example, the computing device or apparatus
may nclude a decoder, or a processor, microprocessor, wucrocomputer, or other

component of a decoder that is configured to carry out the steps of process 600,
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[9697]  Process 600 is illustrated as a logical flow diagram, the operation of which
represents a sequence of operations that can be implemenied in hardware, compuier
instructions, or a combination thercof, In the context of computer instructions, the
operations represent compuicr-executable instructions stored on ong of more compuier-
readable storage media that, when executed by one or more processors, perform the
recited operations.  Generally, computcr-oxgoutable instructions include routines,
programs, objects, components, data structures, and the like that perform particular
functions or implement particular data types. The order in which the operations are
described is not intended fo be construcd as a limitation, and any number of the
described operations can be combined in any order and/or in parallel to mplement the

Processes.

18098] Adduionally, the process 600 may be performed wnder the control of one or
more computer systems configared with executable justructions and may be
implemented as code (c.g., executable instructions, one or Morc computer progranis, or
one of more applications) cxecuting collectively on one or more processors, by
hardware, ot combinations thercof. As noted above, the code may be stored on a
computer-readable or machine-readable storage medium, for example, in the form of a
computer program comprising a pharality of instructions exccutable by one or more
processors. The computer-readable or reachine-readable storage medimm may be non-

transitory.

188991 At 602, the process 600 of decoding video data inchudes receiving, tn a video
stream, encoded video data encoded using a plurality of prediction modes. The video
data may be received at a decoder. The plurality of prediction modes comprise an inter-
picture uni-prediction mode, an inter-picture bi-prediction mode, and an intra-picture
intra-block copy mode. In the mter-picture umi-prediction mode, the decoder is
configured to decode according to uni-prediction, for example, as discussed elsewhere
herein.  In the inter-pictare bi-prediction mode, the decoder is configured to decode
according to bi-prediction, for cxample, as discussed elsowhere herein,  In the intra-
picture intra-block copy mode, the decoder is configured to decode according to intra-

block copy prediction, for example, as discussed elsewhere herein,
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{#108] At 604, the process 600 includes receiving, in the video bitstream, an
indication that inter-picture bi-prediction is disabled or that inter-picture bi-prediction
resiriction is cnabled for a portion of the encoded video data. The indication, may, for
example, bo a signaling flag being in a state indicating that inter-picture bi-prediction is
disabled or that inter-piciure bi-prediction restriction is cnabled. For example, a value
of 1 for the signaling flag may indicatc that inter-picture bi-prediction restriction is
enabled or that inter-picture bi-prediction is dissbled. In another example, 2 value of 0
for the signaling flag may indicate that inter-picture bi-prediction restriction is enabled

or that infer-picture bi-prediction is dissbled.

8101] At 606, the process 600 includes determining, based on the indication, a
prediction mode from the plurality of prediction modes for predicting a prediction umnit
of the portion of cucoded video data, In some embodiments, the portion of the encoded
video data fncludes a plorabity of pictures, such as a sequence of pictures. Furthermore,
at 608, the process 600 fncludes decoding the prediction unit of the portion of encoded
video data according to the determined prediction mode, using for example, aspects of

processes discussed elsewhere herein,

18182] Insowme embodiments, the process 600 inchudes other aspects discussed herein.
For gxample, process 6400 may mclhude, in response fo the indication, excluding the
inter-picture bi-prediction prediction mode from use for predicting the prediction unit of

the portion of enceded video data.

Reference sample resiriction for IBC

{8183}  In order to keep the HEVC worst case bandwidth requiremient unchanged,
restrictions may be additionally or alternatively applied to reference samples a8 a

consequence of IRC being used.

[#104] In some embodiments, the restrictions on reference samples discossed herein

cause the restricted prediction blocks to be unavailable for use as reference samples. In
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some cmbodiments, corresponding surrogate reference samples are generated by

predefined padding schemes and may be used for prediction,

[81688] For example, the surrogates reference samples may be generated through
horizontal or vertical padding from the neighboring samples, in which case data from
one or more neighboring samples is copied to gencrate the surrogate refercnce samples.
Alternatively, the surrogate yeference samples may be generated with data equal to a
predefined value. For example, the predefined valoe is equal to 2<< (B -1), where B is

the bitdepth of the sample.

{8186] In some embodiments, when IBC is enabled, potential reference samples for
IBC from a prediction block with bi-prediction are excluded or disqualificd from being
used as refercnce samples. In some ombodiments, when IBC is ¢nabled, potential
reference samples for 1IBC from s prediction block with bi-prediction are excluded or
disquakfied from being used as reference samples as a result of the further condition
that the prediction block size is less than or cqual to a predefined size. The predefined
size may, for example, be 4x4 pixels, 4x8 pixels, Sx4 pixels, 8x¥ pixels, 8x16 pixels,
16x16 pixels, 32x32 pixels, or another size. In some embodiments, when IBC is
enabled, potential refercnce samples for IBC from prediction blocks with inter mode

prediction are exchuded or disqualified from being used as reference samples.

[8187]  In some embodiments, when IBC is enabled, potential reference samples for
IBC from a prediction block with inter-mode prediction are excluded or disqualified
from being used as refercnce samples it the prediction block size is less than ot equal o
a predefined size. The predefined size may, for exanple, be 4x4 pixels, 4x8 pixels, x4

pixels, 8x8 pixels, 8x16 pixcls, 16x16 pixcls, 32x32 pixels, or another size,

[8108] In some embodiments, when IBC is enabled, potential reference samples for
IBC from a prediction block predicted with bi-prediction mode {(e.g., based on JCTV(C-

P1O0S v4) are excluded or disqualified from being used as reference samples.

{9109]  In some embodiments, the restrictions on reference samples discussed herein
arc applied at the CTU level based on, for example, the mode and/or block size of the

reference samples in that CTU. For example, if IBC is used within a particular CTU,
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and if the block size is fess than 8x8 pixels, one or more of the restrictions on reference

saraples discussed herein may be applied to the entire particular CTU.

[81198]  Tn some embodiments, the restrictions on references samples discussed herein
are apphied for CTUs which are outside the cuwrent CTU, and are not applied for the
current CTU. In some embodiments, the restrictions on references samples discussed
herein are applied for CTUs which are outside the current and next left CTU, and are

not appled for the corrent and next left CTUL

{8111] In some embodiments, the application of the restrictions oun reference samples
discussed herein is conditioned on use infeger mv flag flag being zero. Accordingly,
the resivictions may be appliod ifuse_integer mv_flag is zero, and may be not applied if

use_inmfeger v flag is not zero.

8112]  In some embodiments, when IBC is enabled, potential reference samples for
IBC from a CTU that has at lcast one prediction block with bi-prediction are exchuded
or disqualified from being used as refercnce samples. In another cxample, when 18C 1s
cnabled, potential reference samples for IBC from a CTU that bas number of prediction
sampics with bi-prediction greater than a threshold are excluded or disqualified from
being used as reference samples. The threshold may be, for example, 250, 500, 1000,

5000 sanples, or any other suitable number of prediction samples.

[#113]  In some cmbodiments, when IBC is cnabled, potential reference samples for
IBC from a CTU that has at least one prediction block with bi-prediction are excluded
or disqualified from being used as reference samples if that prediction block size is less
than or equal to a predefined size. The predefined size may, for example, be 4x4 pixels,
4x8 pixels, 8x4 pixels, 8x8 pixels, 8x16 pixels, 16x16 pixels, 32x32 pixels, or snother

gize,

{#114]  In some cmbodiments, whea IBC is cnabled, potential reference samples for
IBC from a CTU that has number of prediction samples with bi-prediction greater than
g threshold if their size is less than or cqual to a predefined size are excluded or
disqualificd from being uscd as reference samples. The threshold number gy be, for

example, 250, 506, 1000, 3600 samples, or any other suitable number of prediction
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samapies, The predefined size may, for exaraple, be 4x4 pixels, 4x8 pixels, 8x4 pixels,

8x8 pixels, 8216 pixels, 16x16 pixels, 32x32 pixels, or another size.

[8118]  Tn some embodiments, when IBC is enabled, potential reference samples for
1BC from a CTU that has at least one prediction block used for interpolation are
exchuded or disqualified from being used as reference samples. In another example,
when IBC is enabled, potential reference samples for [BC from a CTU that has number
of prediction samples used for interpolation greater than a threshold are exchided or
disqualiticd from being used as reference samples. The threshold may be, for example,

250, 500, 1000, 5000 samples, or any other suitable mumber of prediction sanmples.

8116]  In some embodiments, when IBC is enabled, potential reference samples for
IBC from a CTU that hes at least one prediction block wused for interpolation are
exchided or disqualified from being used as reference samples if that prediction block
size 1s less than or equal to a predefined size. The predefined size may, for example, be
4x4 pixels, 4x8 pixcls, 8x4 pixcls, 8x¥ pixels, 8x16 pixels, 16x16 pixcls, 32x32 pixels,

or another size.

8117]  In some embodiments, when IBC is enabled, potential reference samples for
IBC froma a CTU that has number of prediction samples used for inderpolation greater
than a threshold are excluded or disqualified from being used as reference samples if
their size is loss than or equal to a predefined size. The predefined size may, for
example, be 4x4 pixels, 4x8 pixels, 8x4 pixels, 8x8 pixels, 8x16 pixels, 16x16 pixels,
32x32 pixels, or another size The thresheld may be, for exanple, 250, 500, 1000, 5000

samples, or any other suitable number of prediction samplcs.

[B118]  In some embodiments, the restrictions on references samples described above

are similarly apphied to potential reference samples which are interpolation samples.

{#119]  In somc cmbodiments, the restrictions on referonee samples discussed herein
are not applied if a bi-predicted block is bi-pradicted from the same reference block,
such that the motion vectors of the prediction refer to the same reference block and are
identical. For cxample, the disabling of uni-prediction and/or bi-prediction may have

yet another condition to their application ~ that the bi-predicted block triggering the
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application of the restriction not be predicted from the same reference block, such that

the motion vectors of the prediction refer o the same reforence block and are identical.

18128]  An example specification text based on JCTVC-PI00S v4 with local search
area for B slices is discussed below. Embodiments discussed herein conform with the

example specification toxt.
8121] Decoding process

18122] A derivation process for block vector compongunts i intra-block copving
prediction mode is described. Embodiments discussed herein conform with the

derivation process.
#1231 Inputs to this process are:

a huma location ( xCh, vCb ) of the top-left sample of the current luma coding

block relative 1o the top-left luma sanple of the current picture, and
a variable log2CbSize specifying the size of the current luma coding block.

[8124] Output of this process 18 the (pChSmChX) array {may be referred o as a

single voctor] of block vectors bvintra.

{81287 The variables nChS, nPbSw, and nPbSh are derived as follows:

aChS =1 << log2ChSize {8-25)
aPhSw = nCbS / { PartMode == PART ZN«ZN || PartMode ==

PART ZNxN?1:23(8-25)

nPbSh = nCbS / ( PartMode == PART 2Nx2N i PartMode ==
PART Nx2ZN 7 1:2)(8-25)

[8126] The vanable Bvplnitral compldx ] specifies a block vector predictor. The
horizontal block vector component is assigned compldx = ( and the vertical block

vector component s assigned compldx = 1.
{#127] Depending upon PartMode, the variable numPartitions is derived as follows:

-31-
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If PartMode is cqual 1o PART 2Nx2N, rmumPartitions is sct equal o 1.

Otherwise, if PartMode is equal to either PART 2NN or PART Nx2ZN,

nomPartitions is set cgual to 2.

Utherwise (PartMode is equal to PART NxN), numPartitions is set equal

10 4.

{6#128] The array of block vectors bvintra is derived by the following ordered steps,

for the variable bikddx proceeding over the values 0. numPartitions — 1 };
The variable bikinge is set equal to ( PartMode == PART 2NxN 72 :7 ).
The variable xPb is set equal to xCb + nPbSw * ( bikldx * blkine % 2 ).
The variable vPb is st equal to yCh -+ nPbSh * { bikldx / 2}

The following ordered steps apply, for the variable compldx proceeding

over the values 0..1:

Depending upon the mumber of rimes this process has been fnvoked for

the current coding tree unit, the followmg apphies:

1f this process is invoked for the first time for the current coding

tree unit, bvintra] xPb [ yPh 1] compldx | is derived as follows:

bvintral xPb ][ yPb ][ 0] = Bvdintral xPb [{ yFb ][ 0] — nChbS

(8-25)
bvlntral xPb [ yPb I 1] =  Bvdintmal xPb [ yPh ][ 1]
(8-25)

Otherwise, bvIntral xPb 1] vPb [ compldx | is derived as follows:

bvintral xPh 1{ ¥Pb 1{ 0 =Bvdintral xPb || ¥Pb }[ 0 ] + Bvplntr
0] (825

byvingral xPb | yPh | 1 I=Bvdintraf xPb ][ yPb [ 1 ] + Bvplatr
al 1] {8-25)
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The walue of Bvplowralcompldx] is wupdated to be cqual to

bviniral xPh [ ¥Pb }{ compldx ].

For use in derivation processes of variables invoked later in the decoding
process, the following assignments are made for x=0.0PbSw~1 and

v = 0. aPbSh - 1

bvintral xPb + x ][ ¥Pb + v [ compldx |=

bvintral xPb I vPb }{ compldx | {8-25)

[8#129] Xt is a reqoivement of bimstream conformance that all of the following

conditions are true:

~The value of bvintra] xPb [ ¥Pb i[ 0 1 shall be greater than or equal 1o — ( xPb

% CibSizeY + 64 ).

~The value of bvintral xPh [ yPb 1] I ] shall be greater than or equal to — (yPb

% CibBizeY ).

—When the derivation process for z-scan order block availability is voked with
{ xCury, yCurr } set ecqual to (xCh,yCh) and the oecighboring lumwa location
{ xNbY, yNbY } sct cqual {0
{ xPb + bvintral xPb [ yPb [ 0], yPb + bvintral xPb [ yPh [ 1 ]) as mputs, the output
shall be equal 1o TRUE,

~When the derivation process for z-scan order block availability is mvoked with
{ xCurr, yCurr } set equal to (xCh, yCb) and the neighboring luma location
{ xNbY, yNbY ) set equal o
{ xPb + bvintral xPb ][ yPb [[ 0 ] + nPbSw ~ |, vyPb + bvintra
[ «Pb I vPb 1T { 1+ nPbSh - 1) as inputs, the output shall be equal to TRUE.

—One or both of the following conditions shall be true:
~bvintra{ xPb [{ yPb J{ 0 ] + oPbSw <= §

~bylntral xPb [ yPb ][ 1]+ nPbSh <= ¢
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-lnter pred ddef{x J{y] shall be equal to 0 or 1, with x= xPb +
Bvintral xPb { yPb H 01 . xPb + Bvintral xPb i yPh ][ 0 1+ (1 <<log2Ch8ize) - 1, y=
yPh + Bvintral xPb {{ yPb ] [ 1 1. y0+ Bvintra] xPb [ yPb ] [ 1 ]+ {1 <<log2ChBize) —
1;

Adaptive search area based on picture type/slice type/partition size

{6138] To improve the cache usage and reduce cache misses, which would otherwise
gocut as a result of IBC block vectors and inter motion vectors, some consiraints on the

block vector range may be apphied.

{#131] The block vector range constraints may be applied individually or in
combination. In the block vector range constraints, the region of interest is not Hmited
and may, for example, be a CU, a CTB, a largest coding enit (LCU), a slice, a tile, o1 a

set of CU’s, CTUs, CTB’s, LLU’s, slices, or tiles.

181321  Tn some embodiments, the search area is determined based on one or more of
the picture type, the shice type, and the partition size. Additionally, a syntax element
may be used to specify the search arca for each correspounding picture type, shice type,

and partition size.

181331 As an cxample, if the current slice 1s a B-slice, the scarch arca for the IBC
blocks may be constrained to be the local region of the curremt CTB. In some
embodiments, the search area is constrained to the causal neighborhood in the corrent

CTE and the adjacent left CTB as a consequence of the current shice being a B-shice.

8134] In some embodiments, the size, the shape, or the location of the search area is
specified by the syntax clement. In some embodiments, the syntax clement is, for
cxample, signaled in the bitsircam at onc or more of VP8, SPS, PPS, VU, shice header,

or CU header.

{8135] In some embodiments, a range of the block vector that is coded in the
bitstream is constrained based on one or more of the picture type, the shce type, and the
partition size. Additionally, a syntax clement may be used to specify a maxinwm block

vector range for each corresponding picture type, shice type, and partition size. For
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exaniple, in some embodiments, one or more syntax clements may be usad to specify
that the maxiomwum block vector range is respectively equal to 100, 500, and 1000 pixels
for CRA, BLA, and 1DR picture types. Simiarly, one or more syntax elemenis be used
to specify a maximum block vector range for cach of 1 slices, B slices, P slices, and
GPB slices, and one or more syntax elements be uscd o specify a maximum block

veetor range for each of partition sizes including 4x4 pixels, 8x¥ pixels, 16x16 pixels,

(8]

372x32

oy

ixe

ey

s, and 64x64 pixels,

18136] In some embodiments, the search area and maximum block vector range
syntax elements may signaled in one or more of the followmng parameter sets: VPS,
SPS, PPS, video usability information (VU slice header or their respective extensions.
8137] An cxample specification text based on JCTVC-PI00S v4 with local search
arga for B slices is discussed below. Embodiments discussed herein conform with the

example specification text.
{8138] Decoding process

[813%] A derivation process for block vector compoenents in intra-block copying

prediction mode 18 described.
16148] Inputs to this process are:

a fuma location { xCh, yCb ) of the top-left sample of the current luma coding

block relative to the top-left loma sample of the corrent picture,

”

a variable logZCbSize specifying the size of the current Juma coding block,

{#141]  Output of tlus process 15 the (nChS(nChX) array [may be referred 1o as a

single vector] of block vectors bvintra.

{#142] The variables nCbS, nPbSw, and nPbSh are derived as follows:

pChS = | << log2ChSize {8-25)
nPh8w = nCbS / { PartMode == PART 2NxZN || PariMode ==
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oPbSh = 0CbS / ( PariMode == PART 2NxIN || ParMode ==
PART Nx2N 71 :2)(8-25)

18143] The variable Bvplniral compldx ] specifies a block vector predictor. The
horizontal block vector component 18 assigned compldx = 0 and the vertical block

veetor component is assigned compldx = 1L
[8144] Depending upon PartMode, the variable numPartitions is derived as follows:

If PartMode 1s equal to PART 2Nx2N, numPartitions is set equal to

Otherwise, if PartMode 15 cqual to cithor PART ZNxN or

PART Nx2N, sumPartitions is set equal 1o 2,

- Ctherwise (PartMode 8 equal to PART NxN), numPartitions is set

equal to 4.

{8145] The array of block vectors bvintra is derived by the following ordered sieps,

for the variable bikldx proceeding over the values 0..( numPartitions — 1 )

The variable xPb is sot equal to xCb + nPbSw * ( blkidx * blkinc %6 2 ).
The variable yPb is set cqual to yCh + nPbSh * { blkIdx / 2}

The following ordered steps apply, for the variable compldx procecding

over the values 0..1;

Depending opon the nomber of times this process has been invoked for

the current coding tree unit, the following applies:

1f this process is fnvoked for the first tine for the current coding

tree vntt, bvimtral xPb 1 yPb I compldx ] is derived as follows:

bvIntra xPb 17 yPb 1[0 ] = BvdIntra xPb 17 yPb [ 0 ] — nChS
(8-25)
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bvinal xPb [{ vPb || 1] = Bvdiotral xPb J{ vPb 11 1]
{8-25)

Otherwise, bvintral xPb [ yPb [ compldx ] is derived as

i
L

follows:

bvinmal xPb ] vPb ][ 0 1=Bvdintra] xPb |{ yPb }[ 0 ] + Bvpintr
07 (325

bvintral xPb |{ yPb | 1 |=Bvdintral xPb }[ yPb || 1 ] + Bvpintr
al 1] {8-25})

The wvalue of Bvplotralcompldx] 15 opdated to be equal to

bvintral xPb [ yPb ][ compldx ].

For use in derivation procosses of variables invoked later in the decoding
process, the following assignments are made for x=0..0PbSw—1 and

v =0..0PbSh— 1:

bvintraf xPb + x [ yPb + vy 1 compldx J=bvintral xPb I vPb i comp

Tdx | (8-25)

1#146] It 15 a requirement of bitstream conformance that all of the foliowing

conditions are true:

~For B slice type, the value of bvlntral xPb ][ yPb ][ 0 | shall be greater than or

equal to — ( xPb % CibStzeY + 64 ).

~For B slice type, the value of bvlntral xPb | yPh 1| 1 ] shall be greater than or

LY

equal to — { vPb % CtbSizeY .

~When the derivation process for z-scan order block availability is invoked with
{ xCurr, yCurr ) set equal to (xCh, vCh) and the neighboring luma location
{ xNbY, yNbY ) set equal 0
{ xPb + bvlutral xPb [ yPb [[ 8 1, yPb + bvintral xPb [ yPb ][ 1 1) as inputs, the output
shall be equal to TRUE.
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—When the derivation process for z-scan order block availability is invoked with
{ xCurr, yCurr ) set equal to (xCh, ¥Chb) and the neighboring luma location
{ xMNbY, yhbY ) set equal to
{ xPb + bvintral xPb [ yPb [[ 0 1 + vPbSw — 1, yPb + bvintra
[ 2P ¥Pb il 1]+ nPbSh— 1) as inputs, the output shall be cqual to TRUE,

~One or bothk of the following conditions shall be true:
— bvintral xPb  yPh I 0 1+ oPbSw <= ¢

bvlntral xPb { yPHH 11+ nPbSh <= @

{8147] FIG. 7 ilhustrates an embodiment of a proecss 700 of encoding video data. The
process 700 is mnplemented to generate a phurality of encoded video pictures. In some
aspects, the process 700 may be performed by a computing device or an apparatus, such
as the encoding device 104 shown in FIG. 1. For example, the computing device or
apparatus may inchide an encoder, or a processor, microprocessor, microcomputer, or

other component of an encoder that is configured to carry out the steps of process 700.

[8148] Process 700 is illustrated as a fogical flow diagram, the operation of which
reprosents a sequence of operations that can be tuplomented in hardware, computer
instructions, or & combination thereof. In the comtext of computer instructions, the
operations represent computer-execuiable instructions stored on one or more computer-
readablc storage media that, when exccuted by onc or more processors, perform the
ocited operations.  Generally, computer-exccutable instructions include routines,
programs, objocts, components, data structures, and the like that perform particular
fonctions or imploment particular data types. The ovder in which the operations ate
described s not intended to be construed as a limitation, and any mumber of the
described operations can be combined in any order and/or in parallel to implement the

PIOCesses,

[8148] Additionally, the process 700 may be performed under the control of one or
more computer systems configured with executable instructions and may be

implemented as code {e.g., executable instructions, one or more computer programs, of
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one ot more applications) cxecuting collectively on one or more processors, by
hardware, or combinations thereof. As uoted above, the code may he stoved on a
computer-readable or machine-readable storage medium, for example, in the form of a
computer program comprising a plurality of instructions cxecutable by one or more
processors. The computer-readable or machine-readable storage medium may be non-

transitory.

18186] At 702, the process 700 inchides performing inra-picture prediction on a
block of one of the pictures to gencrate a prediction unit. In some cmbodiments,
performing the mira-picture prediction jncludes selecting a reference block for witra-
block copy prediction of a coding tree unit {CTL]), wherein the selected reference block
is sclected from a plorality of encoded blocks, and wherein blocks within the CTU
encoded with bi-prediction are oxcluded from selection as the reference block.
Performing the intra-picture prediction may alse include performing intra-block copy

prediction on the reference block to generate the prediction unit.

{8181] At 704, the process 700 includes generating syntax clements oncoding the

prediction unit based on the performed intra-picture prediction.

{8182] In some embodimenis, the process 700 includes other aspects discussed beroin,
For example, the process 700 may include determining 2 prediction unit size, wherein
blocks encoded with bi-prediction are excluded from selection at least partly in response
to the prediction unit size being less than a threshold, In some embodiments, in process
700, one or more blocks encoded with inter-prediction are excluded from selection as
the reference block. For example, the one or more blocks encoded with inter-prediction
may be cxcluded from sclection as the reference block for cucoding further blocks of
the CTU. In such embodiments, the process roay also include determining a prediction
unit size, wherein blocks encoded with inter-prediction arc excladed from selection at

lcast partly in response to the prediction unit size being less than a threshold.

{B183] In some embodiments, In process 700, a surrogate reference block is generated
using a padding scheme. In some embodiments, performing intra-block copy prediction

includes using the surrogate block as the selected reference block.
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{#154] In some cmbodiments, process 700 includes determining whether the CTU has
a prodiction block generated with bi-prediction, whercin blocks encoded with bi-
prediction are excluded from selection at leoast parily in response to the CTU having a
prediction block generated with bi-prediction. In such embodiments, process 700 may
also include determining a quantity of prediction blocks generated with bi-prediction for
the CTU, and determining a prediction unit size. Blocks encoded with bi-prediction may
then exchuded from selection in response to any of: the CTU having a quantity of
prediction blocks gencrated with bi-prediction greater than a threshold, the prediction
unit size being less than a threshold, and the CTU having a quantity of prediction blocks
generated with bi-prediction greater than a threshold, and the prediction unit size being

less than a threshold.

18155] In some embodiments, process 700 ncludes performing adaptive motion
vector resolution (AMVR) and determining a prediction unit size, Tn such embodiments,
biocks encoded with bi-prediction may be excluded from selection at least partly in
response to the combination of both of the prediction unit size being less than a
threshold, and receiving an indication that AMVR is disabled. In some cmibodiments,
the combination further includes the inter-prediction bi-prediction having at least onc of

different reference units and different motion vectors.

8186] In some embodiments, process 700 includes determining a search arca
comprising the encoded blocks, wherein the search area is determined based at least in

part on at least one of! a pictare type, a shice type, and a partition size.

Restriction on the distribution of block veciors within a region of interest,

{81587} To improve the cache vsage and redoce the cache misses when using large

scarch ranges, some constraints on the block vector range may be applicd.

18188] The block wvector range constraints may be applied individually or in
combination. For the block vector range constraints, the region of interest is not Hmited
and may, for example, be a CU, a CTB, a largest coding wt (LCU), a slice, atile, or a

set of CU’s, CTU s, CT8s, LLUs, slices, or tiles.
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{#159] In some ombodiments, the range of the block vectors is conswrained to be
within the region of interest. For example, the range of block vectors may be
constraingd to be within a current CU. In some embodimoents, differont regions of
interest have different block vector range consiraints. Additionally, a syotax clement

may be used to specify the block veetor range for each region of interest,

{8169  As an example, the ranges of the block vectors may be congtrained to be
within a tile. Accordingly, the prediction samples for a current prediction unit are
constrained to be from within the same tile. Among other benefits, this constraint
facilitates efficient parallel processing. In some embodiments, the ranges of the block
vectors are constrained to be within a slice. Accordingly, IBC prediction is constrained

to not cross slice boundaries.

{81611 In some combodiments, the maximum difference of any two block vectors
within a region of interest is constrained. For example, if a CU within a shice region of
interest has a block vector of a particular size, all other block vectors within the slice are
Hmited to be within a predefined range of the particular size. Additionally, a syntax
clement may be ased to specify the maximom difference of any twe block vectors for

cach region of intercst.
{8162] Specification text and syntax

[8163] In some embodiments, the block vector range and maxinum block vector
difference syntax elements may signaled in one or more of the following parameter sets:
VPS, SP3, PPS, video usability information (VUI), slice header or their respective

extensions.

[8164] Ar example specification text based on JCTVC-PIOUS5 v4 with local search
area for B slices is discussed below. Embodiments discussed herein conform with the

gxample specification text,
18165] Decoding process
{8166] The variable Bvintral x( ]{ v0 1{ compldx | specifies a vector component to be
used for the intra-block copying prediction mode. The array indices x0, y0 specify the
Iocation (x0), y{1 ) of the wp-left luma sample of the considered prediction block relative
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to the top-left luma sample of the picture. The variable Bvdisplmiral x0 [ v0 ]

[ comapldx | specifies the difference between vector component to be used for the intra-

block ¢opying prediction maode for lecation {0, v {e.g..
Bvintra] x0 ][ v0 || compldx |} andd focation (xi,vi) (e.g.,

Bvintraf xi [ vj Jf compldx ]). The array indices x1, yi specify the location {(xi, vi ) of
the top-left luma sample of the considered prediction block relative to the top-left luma
saraple of the picture for any i, such that the Jocation (xi,yi) and {x0,y0) are

within the same CTUL

8167 Forall 1,5, Bvdispintra] x3 [ vi | compldx ] shall be in the range of — 128
to 128, inclusive. The horizontal block vector component is assigned compldx = 0 and

the vertical block vector component s assigned compldx = 1,

§168] In the above specification the range of — 128 to 128, inclusive, is used as an
& £ ;

example and the actual valoe of the range might be fixed to different value or signaled.

18169] Below an exanple signaling method is shown.

vui_paranieters( } { 3]
escriptor
bitstream_restriction flag w{
1

M bitsireara_restriction_flag 3 §

log? max ctu_deltaBV length horizontal ue
)

fopZ wmax_etu deltaBY length vertical ne
{v)
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{8174 log2 max ctu deltaBV length horizontal and  log2 max ctn_deltaBVY
length vertical indicate the maximum absolute diffevence vahie of a decoded
horizontal and vertical block vector component, respectively, with respect 1o the
docoded horizontal and vertical block vector component, respectively, of any prediction
unit that belongs to the same CTU and available, in mteger loma sample units, for all
pictures in the CVS. A value of n asserts that no difference value of a block vector
component is outside the range of ~2" 1o 2" — 1, inclusive, in umits of integer luma

sarple displacement. Range and mference values may be determined.

{8171] For all 1,1, DBvdispintral xi} vj || compldx] shall be mn the range as
specified by fog2 max cte deltaBY length hovizontal and
fogZ max cto dektaBY length vertical for horizontal and vertical components. The
horizontal block vector component 18 assigned compldx = 0 and the vertical block

vector component 1s assigned compldx = 1.

[6172] Alternatively, the range may be different for each compldx (horizontal and
vertical block vector) as well as for luma and chroma component. Alternatively, the
range may bo different for cach compldx (horizontal and vertical block vector) as well

as for fuma and chroma component,

{8173]  Alternatively, the range may be signaled as multiple of CTU s, shees, tiles etc.

voi_pararieters( } { B
escriptor
bitstream:_restriction_flag u{

S

iff bitstreamn_restriction flag § {

|

leg? meax BY ciu length horizontal ae
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fog2 max BV cte length vertical ne

)

——

{8174] log2 max BV ctu length herizontal and  legl wmax BV cia Jength
_vertical indicate the maximum absolute difference value of a decoded horizontal and
vertical block vector component, respectively, with tespect to the decoded horizontal
and vertical block vector component, respectively, of any prediction umit that belongs to
the same CTU and available, in the units of the CTB, for all pictures in the CVS. A
value of n asserts that no difference value of a block vector component is outside the

range of —N o N, inclusive, o units of CTB displacement.

Restriction on the number of block vectors within a resion of interest

{81738]  As discussed above, IBC may mcrease the worst case number of block vectors
for low delay P case. At least 1o maintain the same worst case complexity as HEVC and
also to reduce the load on system resources (e.g., to reduce 3 number of prediction

samplc loads), some embodiments include additional or alternative features.

18176] For cxample, the number of block vectors within a particular region of interest
may he constrained to be less than or equal to the worst case number of block vectors of
HEVC for the particular region of interest, For example, the mumber of block vectors
within a region of interest miay be constrained to be equal to or less than the worst case
nuamber of block vectors that would exist if all the blocks are codad as Nx2N/ZNxN for
the same region of interest. In some embodiments, IBC mode may be restricted for

smallest partition (NxN) of non E-Slices.

{8177]  The block vector number constraints and the restriction of IBC mode may be
applied individually or in combination. In the block vector nomber constraints and the

restriction of IBC, the region of interest is not Himited and may, for example, be a CUL a
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CTRB, a largest coding unit (LCU), a slice, a tile, or a set of CU%, CTU’s, CTB's,

LCUs, shices, or tiles.

Constraing I-slice

[#178] In some embodiments, the ranges of the block vectors may be constraimed to

be within a slice. That is, IBC prediction does not cross slice boundaries.

{#179]  In some embodiments, a new slice type may be signaled. For the new slice
type, the ranges of the block vectors are constrained to be within the slice. As a result,

IBC prediction does not cross slice boundaries for slices of the new slice type.

18188] In some embodiments, a flag may specify that the ranges of the block vectors
arc constrained to be within slices. As a result of the state of the flag, IBC prediction
docs not cross shice boundaries. The flag may, for cxample, be signaled in one or more
of the following parameter sets: VPS5, 8PS, PPS, video usability information {(VUT),

stice header or their respective extensions.

8181] Using the techniques and aystems described herein intra-block copy
techniques are performed with redoced memory bandwidth and size reguirements. Asa
resull, memory bandwidth efficiency I8 improved, worst case memory accesses are

himited, and other aspects of intra-block copy is ¢nhanced.

[8182] The coding technigues discussed herein may be implemented in an example
vidoo encoding and decoding system (e.g., system 100). A systern includes a source
device that provides oncoded video data %0 be decoded at a later time by a destination
device. Inparticular, the source device provides the video data to destination device via
a compuictr-readable medivm.  The source device and the destination device may
comprise any of a wide range of devices, including desktop computers, notcbook (i,
iaptop) computers, tablet computers, sei-top boxes, telephone handsets such as so-called
“smart” phones, so-called “smart” pads, televisions, cameras, display devices, digital
media players, video gaming consoles, video streaming device, or the like. In some
cases, the source device and the destination device may be equipped for wircless

communication.
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{#183] The destination device may recoive the encoded video data to be decoded via
the computer-readable mediom.  The computer-readable medium may comprise any
type of mediim or device capable of moving the encoded video data from source device
to destination device. In one example, computer-readable mediom may comprise a
conumunication medium to enable source device to transmit encoded video data directly
to destination device in real-time. The encoded video data may be modulated according
to a commmumication standard, such as a wircless commumication protocol, and
transmitied to destination device. The communication medium may comprise any
wireless or wired communication medium, such as a radio frequency (RF) spectrum or
one of more physical transmission lines, The communication mediom may form part of
a packet-based network, such as a local arca network, a wide-area network, or a global
network such as the Internet.  The commumication medim may include routers,
switches, base ststions, or any other cquipment that may be uvseful fo facilitsic

comimunication from source device to destination device.

1#184] In some cxamples, encoded data may be output from output interface to a
storage device. Similarly, encoded data may be accessed from the storage device by
input interface. The storage device may include any of a variety of distributed or
{ocally accessed data storage media such as a hard drive, Blu-ray discs, DVDs, CD-
ROMs, tlash raemory, volatile or non-velatile memory, or any other suitable digital
storage media for storing encoded video data. In a further example, the storage device
niay correspord to a file server or another intermediate storage device that may store the
encoded video gencrated by source device., Destination device may access stored video
data from the storage device via streanvng or download. The file server may be any
type of server capable of storing encoded video data and transmitting that encoded
video data to the destination device. Example file servers inclade a web server (e.g., for
a website), an FTP server, network attached storage (NAS) devices, or a local disk
drive. Destination device may aceess the encoded video dats through any standard data
conncction, including an Intcrnet conncction. This may include & wircless channel
(c.g., & Wi-Fi connoction), a wired comection (c.g., DSL, cable modem, cic.), or a
combination of both that is suitable for accessing encoded video data stored on a file
server.  The transmission of encoded video data from the storage device may be a

streaming transpussion, a download transmission, or a combination thereof,
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{#1858] The techniques of this disclosure are not necessarily limited to wircless
applications or scttings. The techniques may be applied to video coding in support of
any of @ varicty of multimedia applications, such as over-the-air television broadcasts,
cable television transmissions, satellite telovision transmissions, Internet streaming
video transmissions, such as dynamic adaptive streaming over HTTP (DASH), digital
video that is encoded onto a data storage medium, decoding of digital video stored ona
dats storage medium, or other applications. In some examples, system may be
configured to support one-way of two-way video transmission to support applications

such as video sircamiing, video playback, video broadceasting, and/or video telephony.

18186] 1o one example the source device includes a video source, a video encoder,
and a output tnterface. The destination device may include an input interface, a video
decoder, and a display device. The video encoder of source device may be configured
to apply the technigues disclosed hercin.  In other examples, a source device and a
destination deviee may inchlude other components or arrangements.  For example, the
source device may receive video data from an external video source, such as an exiernal
camora, Likewise, the destination device may interface with an external display device,

rather than including an integrated display device,

{8187] 'The example system above merely one example. Techniques for processing
video data in parallel may be performed by any digital video encoding and/or decoding
device. Although gencrally the techniques of this disclosure are performed by a video

I3

encoding device, the technigues may also be performed by a video encoder/decoder,

L

typically referred to as a “CODEC” Moreover, the techniques of this disclosure may
also be performed by a video preprocessor. Source device and destination device are
merely examples of such coding devices in which source device generates coded video
data for transmission to destmation device. In some examples, the source and
destination devices may operate in a substantially symmetrical manner such that each of
the devices include video encoding and decoding components. Hence, example systens
may support onc-way or two-way video transmission between video devices, e.g., for

video streaming, video playback, video broadeasting, or video telephony.

{8188] The video scurce may include a video capture device, such as a video camera,

a video archive containing previously captured video, and/or a video feed interface to
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receive video from a video content provider. As a further alternative, the video source
may generate computer graphics-based data as the source video, or a combination of
five video, archived video, and computer-generated video. In sowe cases, if video
source is & video camera, source device and destination device miay form so-called
camera phooes or video phones.  As mentioned above, however, the techniques
described i this disclosure may be applicable to video coding in general, and may be
applied o wircless and/or wired applications. In cach case, the captured, pre-captured,
or computer-generated video may be encoded by the video encoder. The encoded video
information may then be output by output interface onto the computer-readable

medigm.

{8189] As noted the computer-readable medivm may include transient media, such as
a wircloss broadcast or wired network transmission, or storage media {that is, non-
transitory storage media}, such as a hard disk, flash drive, compact dise, digital video
disc, Blu-ray dise, or other computer-readable media.  In some cxamples, a network
server (not shown) may receive encoded video data from the source device and provide
the encoded video data to the destination device, e.g., via network transmission.
Similarly, a computing device of a medium production facility, such as a disc stamping
facility, may receive encoded video data from the source device and produce a disc
containing the encoded video data. Therefore, the computer-readable mediumm may be
understood to include one or more computer-readable media of various forms, in

various exanipies.

[8199¢] The input interface of the destination device receives information from the
computer-readable medinn, The information of the computer-readable medivm may
imchide syntax information defined by the video encoder, which is also used by the
video decoder, that includes syntax elements that describe characteristics and/or
processing of blocks and other coded units, e.g., group of pictures (GOP). A display
device displays the decoded video data to a user, and may comprise any of a variety of
display devices such as a cathode ray tube (CRT), a hquid crystal display (LCD), a
plasma display, an organic light cmitting diode (OLED) display, or another type of

display device. Various embodiments of the invention have been described.
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[#191] Specific details of the encoding device 104 and the decoding device 112 are
shown in FIG. 4 and FIG. 9, respoctively. FIG. 8 is a block diagram ilhustrating an
example oncoding device 104 that may imploment ong or more of the techniques
described in this disclosure. Encoding device 104 may, for example, gonerate the
symtax structures described herein {(e.g., the syntax structures of a VPS, 8PS, PPS, or
other syntax clements). Encoding dovice 104 may perform intra-prodiction and inter-
prediction coding of video blocks within video slices. As previously described, intra-
coding relics, at least in part, on spatial prediction to reduce or remove spatial
redundancy withia a given video frame or picture. Inicr-coding relics, at least in part,
on temporal prediction o reduce or remove tomporal redundancy within adjacent or
surrounding frames or pictures of a video sequence. Intra-mode (1 mode) may refer to
any of several spatial based compression modes. Inter-modes, such as uni-directional
prediction (P mode} or bi-prediction (B mode), may refer to any of soveral temporal-

based corupression modes.

18192]  The encoding device 104 includes a partitioning unit 35, prediction processing
unit 41, filter unit 63, pictare memory 64, suowner 50, transform processing unit 52,
quantization unit 34, and cntropy cncoding unit 56, Prediction processing unit 41
includes motion estimation unit 42, motion compensation unit 44, and intra-prediction
processing uoit 46, For video block reconstruction, encoding dovice 104 alse ncludes
inverse quantization unit 3§, inverse transform processing unit 68, and sgmmer 62,
Filter unit 63 is intended to represent one or more loop filters such as a deblocking
filter, an adaptive loop filter (ALF), and a sample adaptive offset (SAO} filter,
Although filter vnit 63 is shown in FIG. § as being an in loop filter, in other
configurations, filter unit 63 may be implemented as a post loop filter. A post
processing device 57 may perform additional processing on cncoded video data
zenerated by enceding deovice 104, The techmigues of this disclosure may in some
instances be implemented by encoding device 104, In other instances, however, one or

more of the techniques of this disclosure may be implemented by post processing device

~
:I .

(o8

181931  As shown in FIG. 8, encoding device 104 receives video data, and partiioning
unit 35 partitions the data into video blocks. The partitioning mway also include
partitioning into shces, slice segments, tiles, or other larger units, as wells as video
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block partitioning, ¢.g., according to a quadiree structure of LCUs and CUs. Encoding
device 104 generally illustrates the components that encode video blocks within 2 video
shice to be encoded. The slice may be divided mto multiple video blocks {and possibly
inte sets of video blocks referred to as tiles). Prediction processing unit 41 may select
one of a plorality of possible coding modes, such as one of a plerality of intre-prediction
coding raodes or one of & plumaluy of lnter-prediction coding modes, for the current
video block based on error results (e.g., coding rate and the level of distortion, or the
fike), Prediction processing wnit 41 may provide the resolting intra- or inter-coded
block to sununer 50 o generate residual block data and to summer 62 1o reconstruct the

encoded block for use as a reference picture.

18194} Intra-prediction processing onit 46 within prediction processing unit 41 may
perform intra-prediction coding of the current video block relative to one or more
neighboring blocks in the same frame or slice as the current block 1o be coded to
provide spatial compression. Motion estimation unit 42 and motion compensation unit
44 within predichion processing unit 41 perform mter-predictive coding of the current
video block relative to one or more predictive blocks in one or morve reference pictares

to provide temporal compression.

18198] Muotion estimation unit 42 may be configured to determine the mter-prediction
mode for a video slice according to a predetermined pattern for a video sequence. The
predetermined pattern may designate video slices in the sequence as P slices, B slices,
or GPB slices. Motion estimation onit 42 and motion compensation unit 44 may be
highly integrated, but are illustrated soparately for conceptuoal purposes.  Motion
estimation, performed by motion estimation umit 42, is the process of generating motion
veetors, which estimate motion for video blocks. A motion vector, for example, may
indicate the displacement of a prediction unit {PU} of a video block within a current

video frame or picture relative to a predictive block within a reference picture.

18196] A predictive block is a block that is found 1o closely mateh the PU of the video
block t0 be coded in terms of pixel difference, which may be determined by sum of
absolute difference (SAD), sum of square difference (SSI)), or other difference metrics.
In some cxamples, cncoding device 104 may calculate valucs for sub-infcger pixel

positions of reference pictures stored in piciure memory 64, For example, encoding
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device 104 may interpolate values of one-quarter pixel positions, one-cighth pixel
positions, or other fractional pixel positions of the reference picture. Therefore, motion
estimation unit 42 may perform & motion search relative to the full pixel positions and

fractional pixel positions and output a mwotion vector with fractional pixel precision.

181971 Motion cstimnation unit 42 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. The reference picture may be selected from a
fivst reference picture bist (List ) or a sccond reference picture Hat (List 1), each of
which identify one or more reference pictures stored in picture memory 64, Motion
estimation unit 42 sends the calculated motion vector to entropy encoding unit 56 and

motion compensation unit 44,

{8198] Motion compensaticn, performed by motion compensation vnit 44, may
involve fetching or generating the predictive block based on the modon vector
determined by motion cstimaiion, possibly performing interpolations to sub-pixel
precision. Upon receiving the motion vector for the PU of the current video block,
motion compensation unit 44 may locate the predictive block to which the motion
vector points in a reference picture list. Encoding device 104 forms a residual video
block by subtracting pixel values of the predictive block from the pixel values of the
current video block being coded, forming pixel difference values. The pixel difference
values form residual data for the block, and may inchsde both homa and chroms
difference components.  Summer 30 represenis the component or components that
perform this subtraction operation. Motion compensation unit 44 may also generate
syntax clements associated with the video blocks and the video slice for use by

decoding device 112 in decoding the video biocks of the video shice.

[619%] Imtra-prediction processing unit 46 may infra-predict a current block, as an
alternative to the inter-prediction performed by motion cstimation unit 42 and motion
compensation unit 44, as described above. In particular, infra-prediction processing unit
46 may deternine an fntra-prediction mode to use 1o encode a current block, In some
examples, tntra-prediction processing unit 46 may encode a current block using various
intra-prediction modces, ¢.g., during scparatc cncoding passes, and intra-prediction unit

processing 46 may select an appropriate intra-prediction mode to use from the tested
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modes. For example, intra-prediction processing unit 46 may calculate rate-distortion
values using a rate-distortion analysis for the various tested intra-prediction modes, and
may select the intra-prediction maode having the best rate-distortion characteristics
among the tested modes, Rate-distortion avalysis generally deterovdnes an amount of
distortion {or errory between an encoded block and an original, unencoded block that
wag encoded to produce the encoded block, as well as a bit rate (that 15, & number of
bits) used to produce the encoded block, Tutra-prediction processing unit 46 may
calculate ratios from the distortions aund rates for the various encoded blocks to
determine which iotra-prediction mode exhibits the best rate-distortion value for the

block.

{8288 In any case, aftor selecting an intra-prediction mode for a block, intra-
prediction processing umt 46 may provide mformation indicative of the selected intra-
prediction mode for the block to entropy encoding unit 36, Entropy encoding unit 56
may encode the information indicating the sclected intra-prediction mode.  Encoding
dovice 104 may include in the transmitied bitstream configuration data definitions of
encoding contexts for various blocks as well as indications of a most probable ntra-
prediction mode, an intra-prediction mode index table, and a modified intra-prediction
mode index table to use for cach of the contexts. The bitstream configuration data may
melude a plurality of wntra-prediction mode mdex tables and a phurahty of modified

intra-prediction mode index tables (also referred to as codeword mapping tables),

[8201] After prediction processing vmt 41 generates the predictive block for the
current video block via either inter-prediction or intra-prediction, encoding device 134
forms a residal video block by subtracting the predictive block from the current video
block. The residual video data in the residual block may be included in one or more
TUs and applied to transform processing wmit 52, Transform processing umit 52
transforms the residual video data into residual ransform coefficients using a transform,
such as a discrele cosine transform (DCT) or a conceptually similar transform.
Transform proceasing onit 52 may convert the residual video data from a pixel domain

to & transform domain, such as a frequency domain,

[6202] Transform processing unit 52 may send the resulting transform coefficients to

quantization unit 54, Quantization unit 54 quantizes the transform cocfficients to
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further reduce bit rate. The quantization process may reduce the bit depth associated
with some or all of the coofficicnts. The degree of quantization may be modified by
adjupsting a quantization pararmseter. ln some examples, quantization untt 54 may then
perform a scan of the matrix including the quantized transform coefficients.

Alternatively, entropy encoding unit 36 may performy the scan.

8203] Following quantization, entropy encoding unit 56 entropy encodes the
quantized transform coefficients. For example, entropy encoding vnit 56 may perform
context adaptive variable length coding (CAVLC), context adaptive binary arithmetic
coding (CABAC), syntax-based context-adaptive binary arthmetic coding {(SBAC),
probability interval partitioning entropy (PIPE) coding or another entropy encoding
technique.  Following the entropy enceding by entropy encoding unit 56, the encoded
bitstream may be transmitted 1o decoding device 112, or archived for fater transmission
or retrieval by decoding device 112, Entropy encoding unit 56 may also entropy encode
the motion vectors and the other syntax elements for the current video slice being

coded.

{8204] Inverse guantization unit 538 and inverse transform processing unit 60 apply
inverse quantization and inverse transformation, respectively, to reconstruct the residual
block 1 the pixel domain for later use as a reference block of a reference picture.
Motion compensation unit 44 may calculate a reference block by adding the residual
block to a predictive block of one of the reference pictures within a reference picture
Hst. Motion compensation unit 44 may also apply one or more interpolation filiers to
the reconstructed residual block to calculate sub-integer pixel vahies for use in motion
estimation.  Bummer 62 adds the recomstructed residual block to the motion
compensated prediction block produced by motion compensation unit 44 to produce a
reference block for storage in picture memory 64. The reference biock may be used by
motion estimation unit 42 and motion compensation unit 44 as a reference block to
inter-predict a block in a subsequent video frame or picture.

[8285] In this manner, encoding device 104 of FIG. 8 represents an example of a
video encoder configured to generate syntax for a encoded video bitstream. Encoding
device 104 may, for cxample, generaic VPS, SPS, and PPS paramcter sets as deseribed

above. The encoding device 104 may perform any of the techniques described herein,
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including the processes described above with respect to FiGs, 4, 6, and 8. The
techoiques of this disclosure have generally been described with vespect to encoding
device 104, but as mentioned above, some of the fechnigues of this disclosure may also

be fmplemented by post processing device 57.

{8286] FIG. 9 is a block diagram illustrating an oxample decoding dovice 112, The
decoding device 112 includes an entropy decoding unit 80, prediction processing unit
&1, fuverse quantization unit 86, inverse transform processing unit 88, sammer 90, filter
unit 91, and pictwre memory 92, Prediction processing unit 81 includes motion
compensation unit 82 and intra prediction processing it 84, Decoding device 112
may, in some examples, perform a decoding pass generally reciprocal to the encoding

pass described with respect to encoding device 104 from FIG. 8.

{8287] During the decoding process, decoding device 112 receives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
clements sent by cacoding device 104, In some cmbodiments, the decoding device 112
may receive the encoded video bisiream from the encoding device 104, In some
embodiments, the decoding device 112 may receive the encoded video bitstream from a
network entity 79, such as a server, a media-aware notwork clement (MANE}, a video
editor/splicer, or other such device configured {o implement one or more of the
techniques described above. Network entity 79 may or may not inchide encoding
device 104, Some of the technigues described in this disclosire may be implemented
by network entity 79 prior {0 network entity 79 transmitting the encoded video
bitstream to decoding device 112, In some video decoding systems, network entity 79
and decoding device 112 may be parts of separate devices, while in other instances, the
functionality described with respect to network entity 79 may be performed by the same

device that comprises decoding device 112,

[8208] The entropy decoding unit 80 of decoding device 112 entropy decodes the
bitstroam to gonerate guantized coefficionts, motion vectors, and other syntax clomcnts.
Entropy decoding unit 80 forwards the motion vectors and other synfax elements 1o
prediction processing vait 81, Decoding device 112 may receive the syntax clements at

the video slice level and/or the video block level. Entropy decoding unit 80 may
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process sund parse both fixed-length syntax eclements and variable-length syntax

clements in or more parameter sets, such as a VPS, SPS, and PP5.

182891 When the video slice is coded as an intra-coded (1} shice, intra prediction
processing unit 84 of prediction processing unit 81 may generate prediction data for a
video block of the current video shice based on a signaled mtra-prediction mode and
data from previously decoded blocks of the current frame or picture. When the video
frame is coded as an inter-coded (i.¢., B, P or GPB) slice, motion compensation unit 82
of prediction processing unit 81 produces predictive blocks for a video block of the
current video shice based on the motion vectors and other syntax elements received from
entropy decoding unit 80, The predictive blocks may be produced from one of the
seference pictures within a reference pictore list. Video decoder 30 may construct the
reference trame hists, List O and List 1, using detault construction techniques based on

reference pictures stored in picture memory 92.

{821¢] Motion compensation unit 82 determines prediction information for a video
block of the current video slice by parsing the motion vectors and other syntax
clements, and uvses the prediction information to produce the predictive blocks for the
cutrent video bloek being decoded. For example, motion compensation unit 82 sy use
ong or more syntax elements in a parameter set to deternune a prediction mode (e.g.,
intra- or imter-prediction} used to code the video blocks of the video slice, an inter-
prediction shice type {e.g., B shice, P slice, or GPB shce), construction information for
one or more reference picture lists for the shice, motion vectors for each inter-encoded
video block of the slice, inter-prediction status for each inter-coded video block of the

stice, and other information to decode the video blocks in the current video sice.

18211] Motion compensation unit 82 may also perform interpolaticn based on
interpolation filters. Motion compensation uoit 82 may use interpolation filters as used
by encading device 104 during encoding of the video blocks to caleulate interpolated
values for sub-infoger pixels of referonce blocks. In this case, motion compensation
unit 82 may determine the trderpolation filters used by video encoder 20 from the
cocived syntax clements, and may use the interpolation filters to produce predictive

blacks.
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19212] Inverse quantization enit 86 inverse quantizes, or de-quantizes, the quantized
transform coctficients provided in the bitstream and decoded by entropy decoding unit
3. The inverse quentization process may melude use of a quantization parameter
calculated by video encoder 2G for each video block in the video slice to determine a
degree of quantization and, likewise, a degree of inverse quantization that should be
applicd. Inverse transform processing unit 88 applies an inverse transform {c.g., an
inverse DCT or other suitable inverse iransform}, an inverse integer fransform, or a
conceptually similar inverse transform process, to the transform coefficients in order to

produce residual blocks in the pixel domain.

162313] After motion compensation unit 827 gencrates the predictive block for the
current video block based on the motion vectors and other syntax clements, decoding
device 112 forms a decoded video block by summing the residual blocks from inverse
transform processing unit 88 with the corresponding predictive blocks generated by
motion compensation unit 82, Summer 90 represents the component or components
that perform this summation operation. If desired, loop filters (either in the coding loop
or after the coding leop) may also be used to smooth pixel transitions, ot to otherwise
improve the video quality. Filter unit 91 15 infended to represent one or more loop
filters such as a deblocking filter, an adaptive loop filter (ALF), and 2 sample adaptive
offset (SAQ) filter. Although filter unit 91 is shown m FIG. © a5 being an in leop filter,
in other configurations, filter unit 91 may be implemented as a post loop filter. The
decoded video biocks in a given frame or picture are then stored in picture memaory 92,
which stores refercuce pictures used for subsequent motion compensation.  Pieture
memory 92 also stores decoded video for later proserdation ou a display device, such as

video destination device 122 shown in FIG. 1,

18234] In the foregomg description, aspects of the application are described with
reference to specific embodiments thereof, but those skilled in the art will recognize that
the invention is not Hmited thereto.  Thus, while llustrative embodiments of the
application have been described in detail herein, it 18 to be understood that the inventive
concepts may be otherwise variously embodied and employed, and that the appended
claims are mtended 10 be construed to include such variations, except as Hinited by the
prior art, Various features and aspects of the above-described invention may be used
mdividually or jomtly. Further, embodiments can be wtilized in any nuwmber of
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environments and applications bevond those described herein without departing from
the broader spirit and scope of the specification.  The specification and drawings are,
accordingly, to be regarded as illustrative vathor than restrictive.  For the purpoeses of
illustration, methods were described in a particular order. It should be appreciated that
in alterpate embodiments, the methods may be performed in a different order than that

described.

18218] Where components are described as being “configured t0” perform certain
operations, such configuration can be accomplished, for example, by desigming
electronmic circuits or other hardware to perform the operation, by programming
programmable electronic circuits {e.g., microprocessors, or other suitable electronic

circuits} to perform the operation, or any combination thereof

[8216] The various ilfusirative logical blocks, medules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be implemented as
clectronic hardware, computer software, firmaware, or combinations thercof, To clearly
illustrate  this  interchangeability of hardware and software, various illusirative
components, blocks, modules, circuits, and steps have been described above generally
in terms of their fonctionality. Whether sach functionality is implomented as hardware
or software depends upon the particelar apphication and design constrainis fmposed on
the overall system. Skilled artisans may implement the described fonctionality in
varying ways for cach particular application, but such implementation decisions should

not be interpreted as causing a departure from the scope of the present invention.

16217] The techniques described hercin miay also be implemented in elecironic
hardware, computer software, firmware, or any combination thereof. Such techniques
may be implemented n any of a varicty of devices such as general purposes computers,
wireless comnmnication device handsets, or integrated circuit devices having multiple
uses inchiding application in wireless communication device handsets and other
devices.  Any foatures described as modules or compounents may be implomented
together in an integrated logic device or separately as discrete but interoperable logic
devices. I implemented in software, the techaigques may be realized at least inpart by a
computcr-readable  data  storage medium  comprising program code including

mmstructions that, when executed, performs one or more of the methods described above.
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The computer-readable data storage medium may form part of a computer program
product, which may include packaging materials. The computer-readable medium may
comprise memeory or data storage media, such as random access memory (RAM) such
as synchronous dypamic random access memory (SDRAM), read-only memory (ROM),
non-volatile random access memory (NVRAM), clectrically erasable programmable
read-only memory (EEPROM), FLASH memcaory, magnetic or optical data storage
media, and the like. The techniques additionally, or alternatively, may be realized at
feast in part by a computer-readable commumication medium that camdes or
conumunicates program code o the form of mstructions or data structures and that can

be accessed, read, and/or executed by a computer, such as propagated signals or waves.

18218] The program code may be executed by a processor, which may include one or
more processors, such as one or more digital signal processors {DSPs), general purpose
microprocessors, an  application  specific  integrated  circuits  (ASICs), ficld
progranmmable logic arrays (FPGAs), or other equivalent integrated or discrete logic
circuitry.  Such a processor may be configured to perform any of the techniques
described n this disclosure. A general purpose processor may be a microprocessor; but
in the alternative, the processor may be any conventiomal processor, controller,
microcontroller, or statc machine., A processor may also be implemented as a
combination of computing devices, e.g., a combination of 8 DSP and a mucroprocessor,
a plurality of microprocessors, ome or more nyeroprocessors in conjunction with a DSP
cote, or any other such configuration.  Accordingly, the term “processor,” as used
herein may refer to any of the foregoing strocture, any combination of the foregomng
structure, or any other structure ov apparatus suitable for twplementation of the
techmiques described herein.  Tn addition, in some aspects, the functionality described
herein may be provided within dedicated software modules or hardware modules
configured for encoding and decoding, or mcorporated in a2 combined video encoder-

decoder (CODEC).
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CLAIMS:

1. A method of encoding video data to generate a plurality of encoded video pictures,
the method comprising:

obtaining video data at an encoder;

determining to perform intra-picture prediction on the video data, using intra-block
copy prediction, to generate the plurality of encoded video pictures;

performing the intra-picture prediction on the video data using the intra-block copy
prediction;

in response to determining to perform the intra-picture prediction on the video data
using the intra-block copy prediction, disabling at least one of inter-picture bi-prediction and
iter-picture uni-prediction for the plurality of encoded video pictures;

determining a prediction unit size; and

generating the plurality of encoded video pictures based on the video data
according to the performed intra-block copy prediction, the generating of the plurality of
encoded video pictures comprising using inter-picture bi-prediction or inter-picture uni-
prediction if it was determined not to perform intra-picture prediction on the video data
using intra-block copy prediction to generate the plurality of encoded video pictures,

wherein the inter-picture bi-prediction or the inter-picture uni-prediction is disabled
for the plurality of encoded video pictures in response to a combination of all of:
1) determining to perform the intra-picture prediction on the video data using the intra-block
copy prediction, and i) the prediction unit size being less than a threshold, and ii1) adaptive

motion vector resolution, AMVR, being disabled.
2. The method of claim 1, wherein the threshold is a prediction unit size of 8x8 pixels.

3. The method of claim 1, wherein the combination further includes the inter-picture

bi-prediction having at least one of different reference units and different motion vectors.

4. The method of any one of claims 1 to 3, wherein performing the intra-picture
prediction on the video data using the intra-block copy prediction comprises predicting luma
and chroma samples of video blocks of a picture from blocks of luma and chroma samples

already decoded within the same picture.
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5. A computer-readable medium having stored thereon instructions that when
executed by a processor cause the processor to perform a method according to any one of

claims 1 to 4.

6. An apparatus for encoding video data, the apparatus comprising:

a memory configured to store video data; and

a processor configured to:

obtain the video data;

determine to perform intra-picture prediction on the video data, using intra-block
copy prediction, to generate a plurality of encoded video pictures;

perform the intra-picture prediction on the video data using the intra-block copy
prediction;

in response to determining to perform the intra-picture prediction on the video data
using the intra-block copy prediction, disable at least one of inter-picture bi-prediction and
iter-picture uni-prediction for the plurality of encoded video pictures;

determine a prediction unit size; and

generate the plurality of encoded video pictures based on the video data according
to the performed intra-block copy prediction, the generating of the plurality of encoded
video pictures comprising using inter-picture bi-prediction or inter-picture uni-prediction if
it was determined not to perform intra-picture prediction on the video data using intra-block
copy prediction to generate the plurality of encoded video pictures,

wherein the inter-picture bi-prediction or the inter-picture uni-prediction is disabled
for the plurality of encoded video pictures in response to a combination of all of:
1) determining to perform the intra-picture prediction on the video data using the intra-block
copy prediction, and ii) the prediction unit size being less than a threshold, and iii) adaptive

motion vector resolution, AMVR, being disabled.

7. The apparatus of claim 6, wherein the threshold is a prediction unit size of 8x8
pixels.
8. A method of decoding video data to generate a plurality of decoded video pictures,

the method comprising:
receiving, in a video bitstream, encoded video data encoded using a plurality of

prediction modes, the plurality of prediction modes comprising:
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an inter-picture uni-prediction mode,

an inter-picture bi-prediction mode, and

an intra-picture intra-block copy mode;

receiving, in the video bitstream, an indication that inter-picture bi-prediction is
disabled for a portion of the encoded video data, wherein inter-picture bi-prediction is
disabled when the intra-picture intra-block copy mode is enabled;

determining, based on the indication, a prediction mode from the plurality of
prediction modes for predicting a prediction unit of the portion of encoded video data;

determining a prediction unit size; and

decoding the prediction unit of the portion of encoded video data according to the
determined prediction mode,

wherein the video data is decoded using inter-picture bi-prediction or inter-picture
uni-prediction if it was determined that the intra-picture intra-block copy prediction mode
is not enabled for the plurality of encoded video pictures,

wherein the inter-picture bi-prediction or the inter-picture uni-prediction is disabled
in response to a combination of all of: 1) determining to perform the intra-picture prediction
on the video data using the intra-block copy prediction, and ii) the prediction unit size being

less than a threshold, and iit) adaptive motion vector resolution, AMVR, being disabled.
9. The method of claim 8, wherein the threshold is a prediction unit size of 8x8 pixels.

10. A computer-readable medium having stored thereon instructions that when
executed by a processor cause the processor to perform a method according to claim & or

claim 9.

11. An apparatus for decoding video data, the apparatus comprising:
a memory configured to store encoded video data received in a video bitstream and
encoded with a plurality of prediction modes, the plurality of prediction modes comprising:
an inter-picture uni-prediction mode,
an inter-picture bi-prediction mode, and
an intra-picture intra-block copy mode; and
a processor configured to:

obtain the encoded video data from the memory;
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receive, in the video bitstream, an indication that inter-picture bi-prediction is
disabled for a portion of the encoded video data, wherein inter-picture bi-prediction is
disabled when the intra-picture intra-block copy mode is enabled;

determine, based on the indication, a prediction mode from the plurality of
prediction modes for predicting a prediction unit of the portion of encoded video data;

determine a prediction unit size; and

decode the prediction unit of the portion of encoded video data according to the
determined prediction mode

wherein the video data is decoded using inter-picture bi-prediction or inter-picture
uni-prediction if it was determined that the intra-picture intra-block copy prediction mode
is not enabled for the plurality of encoded video pictures,

wherein the inter-picture bi-prediction or the inter-picture uni-prediction is disabled
in response to a combination of all of: 1) determining to perform the intra-picture prediction
on the video data using the intra-block copy prediction, and ii) the prediction unit size being

less than a threshold, and iit) adaptive motion vector resolution, AMVR, being disabled.

12. The apparatus of claim 11, wherein the processor is further configured to, in
response to the indication, exclude the inter-picture bi-prediction mode from use for

predicting the prediction unit of the portion of encoded video data.

13. The apparatus of claim 11 or claim 12, wherein the portion of the encoded video

data comprises a plurality of pictures.

14. The apparatus of claim 11, wherein the threshold is a prediction unit size of 8x8
pixels.
15. The apparatus of claim 11, wherein the apparatus 1s a desktop computer, a laptop

computer, a tablet computer, a set-top box, a television, a camera, a display device, a digital

media player, a video gaming console, or a video streaming device.
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