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METHOD AND APPARATUS FOR EFFICIENT SIGNALING OF WEIGHTED
PREDICTION IN ADVANCED CODING SCHEMES

BACKGROUND
[0002] The present invention relates to systems and methods for encoding data and in
particular to a system and method for generating and processing slice headers with high

efficiency video-coded data.

[0003] There is rapid growth in the technologies associated with the generation,
transmission, and reproduction of media programs. These technologies include coding
schemes that permit digital versions of the media programs to be encoded to compress
them to much smaller size and to facilitate their transmission, storage, reception, and
playback. These technologies have application in personal video recorders, video on
demand, multiple channel media program offerings, interactivity, mobile telephony, and

media program transmission.

[0004] Without compression, digital media programs are typically too large to
transmit or store for a commercially acceptable cost. However, compression of such
programs has made the transmission and storage of such digital media programs not only

commercially feasible, but commonplace.

[0005] Initially, the transmission of media programs involved low to medium
resolution images transmitted over high bandwidth transmission media such as cable
television and satellite. However, such transmission has evolved to include lower
bandwidth transmission media such as Internet transmission to fixed and mobile devices
via computer networks, WiFi, Mobile TV, and third and fourth generation networks.
Further, such transmissions have also evolved to include high definition media programs
such as high definition television, which have significant transmission bandwidth and

storage requirements.

[0006] The High Efficiency Video Coding (“HEVC”) coding standard (also called
H.265) is the most recent coding standard promulgated by the ISO/IEC MPEG
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standardization organizations. The coding standards preceding HEVC include the
H.262/MPEG-2 and the subsequent H.264/MPEG-4 Advanced Video Coding (“AVC”)
standard. H.264/MPEG-4 has substantially replaced H.262/MPEG-2 in many applications
including high definition television. HEVC supports resolutions higher than “high
definition,” even in sterco or multi-view embodiments, and is more suitable for mobile

devices such as tablet personal computers.

[0007] As in other coding standards, the bitstream structure and syntax of HEVC
compliant data are standardized, such that every decoder conforming to the standard will
produce the same output when provided with the same input. Some of the features
incorporated into the HEVC standard include the definition and processing of a slice, one
or more of which may together compose one of the pictures in a video sequence. A video
sequence comprises a plurality of pictures, and each picture may comprise one or more
slices. Slices include non-dependent slices and dependent slices. A non-dependent slice
(hereinafter simply referred to as a slice) is a data structure that can be decoded
independently from other slices of the same picture in terms of entropy encoding, signal
prediction, and residual signal construction. This data structure permits resynchronization
of cvents in case of data losses. A “dependent slice” is a structure that permits
information about the slice (such as those related with tiles within the slice or wavefront
entries) to be carried to the network layer, thus making that data available to a system to
more quickly process fragmented slices. Dependent slices are mostly useful for low-delay

encoding.

[0008] HEVC and legacy coding standards define a parameter set structure that offers
improved flexibility for operation over a wide variety of applications and network
environments and improved robustness to data losses. Parameter sets contain information
that can be shared for decoding of different portions of the encoded video. The parameter
set structure provides a secure mechanism for conveying data that is essential to the
decoding process. H.264 defined both sequence parameter sets (“SPSs”) that describe

parameters for decoding a sequence of pictures and a picture parameter set (“PPS”) that
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describes parameters for decoding a picture of the sequence of pictures. HEVC

introduces a new parameter set, the video parameter set (“VPS™).

[0009] The encoding and decoding of slices is performed according to information
included in a slice header. The slice header includes syntax and logic for reading flags

and data that are used in decoding the slice.

[0010] Like its predecessors, HEVC supports both temporal and spatial encoding of
picture slices. HEVC defines slices to include I-slices, which are spatially, but not
temporally, encoded with reference to another slice. I-slices are alternatively described as
“intra” slice encoded. HEVC also defines slices to include P (predictive) slices, which are
spatially encoded and temporally encoded with reference to another slice. P-slices are
alternatively described as “inter” slice encoded. HEVC also describes slices to include bi-
predictive (“B”)-slices. B-slices are spatially encoded and temporally encoded with
reference to two or more other slices. Further, HEVC consolidates the notion of P and B

slices into general B slices that can be used as reference slices.

[0011] Currently, the PPS includes two syntaxes, weighted pred flag and
weighte bipred flag. A weighted pred flag value of 0 specifies that weighted prediction
shall not be applied to P slices, whereas a weighted pred flag of 1 specifies that
weighted prediction shall be applied to P slices. Similarly, a weighted bipred flag value
of 0 specifies that the default weighted prediction is applied to B slices, while a
weighted bipred flag value of 1 specifies that weighted prediction is applied to B slices.

[0012] Although the above described weighted prediction flags are coded in PPS, the
specific weighted prediction parameters are coded in the slice header. The result is that
the flags controlling the weighted prediction processing and the weighted prediction
parameters are on different hierarchical levels of coding (picture versus slice), and this
can create logical difficultiecs which unnecessarily make slice header or PPS logic more
complex or redundant, as not all slices within a picture require weighed prediction. In

some scenarios, it may also cause wasted bits. For example, if the weighted prediction
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enabling flag is coded as 1 at PPS for a picture, then the weighted prediction parameters
have to be coded at the slice header for each slice of the picture. This is even true for 1

slices, which do not perform weighted prediction.

[0013] Since any given video stream typically includes thousands of pictures, and
cach picture may contain one or more slices, the syntax and logic used in the header can
have a significant impact on the processing load performed to encode and later decode

the video stream.

SUMMARY
[0014] This document discloses a method usable in a processing system for decoding
a sequence comprising a plurality of pictures, each of the plurality of pictures
partitionable into one or more slices, cach of the pictures processed at least in part
according to a picture parameter set, and each of the slices processed at least in part
according to a slice header. In one embodiment, the method comprises determining if a
slice of the one or more slices is an inter-predicted slice according to slice-type data, and
if the slice is determined to be an inter-predicted slice, determining if a first parameter is
in the slice header, the first parameter associated with a value signaling enablement of a
state of weighted prediction of image data associated with the slice. If the first parameter
is in the slice header, then the first parameter is read and used to perform weighted

prediction of the image data according to the read first parameter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] While the appended claims set forth the features of the present techniques

with particularity, these techniques, together with their objects and advantages, may be
best understood from the following detailed description taken in conjunction with the

accompanying drawings of which:

[0016] Figure 1 is a diagram depicting an exemplary embodiment of a video
coding/decoding system that can be used for transmission or storage and

retrieval of audio or video information;
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[0017] Figure 2A is a diagram of onec embodiment of an encoding/decoding
(“codec”) system in which encoded audio/visual (“AV”) information is

transmitted to and received at another location;

[0018] Figure 2B is a diagram depicting an exemplary embodiment of a codec system
in which the encoded information is stored and later retrieved for presentation,

hereinafter referred to as a codec storage system,;

[0019] Figure 2C is a diagram depicting an exemplary content-distribution system
comprising an encoder and a decoder that can be used to transmit and receive

HEVC data;

[0020] Figure 3 is a block diagram illustrating one embodiment of a source encoder;

[0021] Figure 4 is a diagram depicting a picture of AV information, such as one of

the pictures in the picture sequence;

[0022] Figure 5 is a diagram showing an exemplary partition of a coding-tree block

into coding units;

[0023] Figure 6 is a diagram illustrating a representative quadtrec and data

parameters for the coding-tree block partitioning shown in Figure 5;

[0024] Figure 7 is a diagram illustrating the partition of a coding unit into one or

more prediction units;

[0025] Figure 8 is a diagram showing a coding unit partitioned into four prediction

units and an associated set of transform units;

[0026] Figure 9 is a diagram showing a Residual QuadTree (“RQT”) for the

transform units associated with the coding unit in the example of Figure 8;

[0027] Figure 10 is a diagram illustrating spatial prediction of prediction units;
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[0028] Figure 11 is a diagram illustrating temporal prediction;

[0029] Figure 12 is a diagram illustrating the use of motion vector predictors

(“MVPs”);

[0030] Figure 13 is an example of the use of the reference picture lists;

[0031] Figure 14 is a diagram illustrating processes performed by the encoder

according to the aforementioned standard,

[0032] Figure 15 depicts the use of a the collocated from 10 flag by the decoder
according to the emerging HEVC standard,;

[0033] Figures 16A and 16B are diagrams presenting a baseline PPS syntax;

[0034] Figures 17A through 17C are diagrams presenting baseline slice header logic

and syntax;

[0035] Figures 18A and 18B arc diagrams illustrating onec embodiment of an
improved PPS syntax;

[0036] Figures 19A through 19C are syntax diagrams illustrating onec embodiment of

an improved slice header syntax for use with the improved PPS syntax;

[0037] Figures 20A and 20B are diagrams illustrating exemplary operations that can
be performed in accordance with the slice header shown in Figures 19A

through 19C; and

[0038] Figure 21 illustrates an exemplary processing system that could be used to

implement embodiments of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0039] Turning to the drawings, wherein like reference numerals refer to like

clements, techniques of the present disclosure are illustrated as being implemented in a
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suitable environment. The following description is based on embodiments of the claims
and should not be taken as limiting the claims with regard to alternative embodiments

that are not explicitly described herein.

[0040] Figure 1 is a diagram depicting an exemplary embodiment of a codec system
100 that can be used for transmission or storage and retrieval of audio or video
information. The codec system 100 comprises an encoding system 104, which accepts
AV information 102 and processes the AV information 102 to generate encoded
(compressed) AV information 106. A decoding system 112 processes the encoded AV
information 106 to produce recovered AV information 114. Since the encoding and
decoding processes are not lossless, the recovered AV information 114 is not identical to
the initial AV information 102, but with judicious selection of the encoding processes and
parameters, the differences between the recovered AV information 114 and the

unprocessed AV information 102 are acceptable to human perception.

[0041] The encoded AV information 106 is typically transmitted or stored and
retrieved before decoding and presenting, as performed by “transception” (transmission
and reception) or storage/retrieval system 108. Transception losses may be significant,
but storage/retrieval losses are typically minimal or non-existent, hence, the transcepted
AV information 110 provided to the decoding system 112 is typically the same as or

substantially the same as the encoded AV information 106.

[0042] Figure 2A is a diagram of one embodiment of a codec system 200A in which
the encoded AV information 106 is transmitted to and received at another location. A
transmission segment 230 converts input AV information 102 into a signal appropriate
for transmission and transmits the converted signal over the transmission channel 212 to
the reception segment 232. The reception segment 232 receives the transmitted signal and
converts the received signal into the recovered AV information 114 for presentation. As
described above, due to coding and transmission losses and errors, the recovered AV
information 114 may be of lower quality than the AV information 102 that was provided

to the transmission segment 230. However, error-correcting systems may be included to
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reduce or climinate such errors. For example, the encoded AV information 106 may be
forward-error correction (“FEC”) encoded by adding redundant information, and such
redundant information can be used to identify and climinate errors in the reception

segment 232,

[0043] The transmission segment 230 comprises one or more source encoders 202 to
encode multiple sources of AV information 102. The source encoder 202 encodes the AV
information 102 primarily for purposes of compression to produce the encoded AV
information 106 and may include, for example, a processor and related memory storing
instructions implementing a codec such as MPEG-1, MPEG-2, MPEG-4 AVC/H.264,
HEVC, or a similar codec, as described further below.

[0044] The codec system 200A may also include optional clements indicated by the
dashed lines in Figure 2A. These optional elements include a video multiplex encoder
204, an encoding controller 208, and a video demultiplexing decoder 218. The optional
video multiplex encoder 204 multiplexes encoded AV information 106 from an
associated plurality of source encoders 202 according to one or more parameters supplied
by the optional encoding controller 208. Such multiplexing is typically accomplished in

the time domain and is data-packet based.

[0045] In one embodiment, the video multiplex encoder 204 comprises a statistical
multiplexer, which combines the encoded AV information 106 from a plurality of source
encoders 202 so as to minimize the bandwidth required for transmission. This is possible
because the instantancous bit rate of the coded AV information 106 from each source
encoder 202 can vary greatly with time according to the content of the AV information
102. For example, scenes having a great deal of detail and motion (e.g., sporting cvents)
are typically encoded at higher bitrates than scenes with little motion or detail (e.g.,
portrait dialog). Since cach source encoder 202 may produce information with a high
instantancous bitrate while another source encoder 202 produces information with a low
instantancous bit rate, and since the encoding controller 208 can command the source

encoders 202 to encode the AV information 106 according to certain performance
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parameters that affect the instantancous bit rate, the signals from cach of the source
encoders 202 (cach having a temporally varying instantancous bit rate) can be combined
together in an optimal way to minimize the instantancous bit rate of the multiplexed

stream 205.

[0046] As described above, the source encoder 202 and the video multiplex coder
204 may optionally be controlled by a coding controller 208 to minimize the
instantancous bit rate of the combined video signal. In one embodiment, this is
accomplished using information from a transmission buffer 206 which temporarily stores
the coded video signal and can indicate the fullness of the buffer 206. This allows the
coding performed at the source encoder 202 or at the video multiplex coder 204 to be a

function of the storage remaining in the transmission buffer 206.

[0047] The transmission segment 230 also may comprise a transmission encoder 210
which further encodes the video signal for transmission to the reception segment 232.
Transmission encoding may include for example, the aforementioned FEC coding or
coding into a multiplexing scheme for the transmission medium of choice. For example,
if the transmission is by satellite or terrestrial transmitters, then the transmission encoder
210 may encode the signal into a signal constellation before transmission via quadrature
amplitude modulation or a similar modulation technique. Also, if the encoded video
signal is to be strcamed via an Internet protocol device and the Internet, then the
transmission encodes the signal according to the appropriate protocol. Further, if the
encoded signal is to be transmitted via mobile telephony, then the appropriate coding

protocol is used, as further described below.

[0048] The reception segment 232 comprises a transmission decoder 214 to receive
the signal that was coded by the transmission coder 210 using a decoding scheme
complementary to the coding scheme used in the transmission encoder 210. The decoded
received signal may be temporarily stored by an optional reception buffer 216, and if the
received signal comprises multiple video signals, then the received signal is multiplex-

decoded by the video multiplex decoder 218 to extract the video signal of interest from
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the video signals multiplexed by the video multiplex coder 204. Finally, the video signal
of interest is decoded by source decoder 220 using a decoding scheme or codec
complementary to the codec used by the source encoder 202 to encode the AV

information 102.

[0049] In one embodiment, the transmitted data comprise a packetized video stream
transmitted from a server (representing the transmitting segment 230) to a client
(representing the receiving segment 232). In this case, the transmission encoder 210 may
packetize the data and embed Network Abstract Layer (“NAL”) units in network packets.
NAL units define a data container that has header and coded clements and may

correspond to a video frame or other slice of video data.

[0050] The compressed data to be transmitted may be packetized and transmitted via
transmission channel 212, which may include a Wide Areca Network or a Local Arca
Network. Such a network may comprise, for example, a wircless network such as WiFi,
an Ethernet network, an Internet network, or a mixed network composed of several
different networks. Such communication may be affected via a communication protocol,
for example Real-time Transport Protocol, User Datagram Protocol, or any other type of
communication protocol. Different packetization methods may be used for cach NAL
unit of the bitstream. In one case, one NAL unit size is smaller than the maximum
transport unit size corresponding to the largest packet size that can be transmitted over
the network without being fragmented. In this case, the NAL unit is embedded into a
single network packet. In another case, multiple entire NAL units are included in a single
network packet. In a third case, one NAL unit may be too large to be transmitted in a
single network packet and is thus split into several fragmented NAL units with cach
fragmented NAL unit being transmitted in an individual network packet. Fragmented

NAL unit are typically sent consecutively for decoding purposes.

[0051] The reception segment 232 receives the packetized data and reconstitutes the
NAL units from the network packet. For fragmented NAL units, the client concatenates

the data from the fragmented NAL units in order to reconstruct the original NAL unit.
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The client 232 decodes the received and reconstructed data stream and reproduces the

video images on a display device and the audio data by a loud speaker.

[0052] Figure 2B is a diagram depicting an exemplary embodiment of a codec system
in which the encoded information is stored and later retrieved for presentation,
hereinafter referred to as codec storage system 200B. This embodiment may be used, for
example, to locally store information in a digital video recorder, a flash drive, hard drive,
or similar device. In this embodiment, the AV information 102 is source-encoded by
source encoder 202 and optionally buffered by storage buffer 234 before storage in a
storage device 236. The storage device 236 may store the video signal temporarily or for
an extended period of time and may comprise a hard drive, flash drive, random-access
memory (“RAM?”), or read-only memory (“ROM”). The stored AV information is then
retrieved, optionally buffered by retrieve buffer 238, and decoded by the source decoder
220.

[0053] Figure 2C is another diagram depicting an exemplary content-distribution
system 200C comprising a coding system 240 and a decoding system 258 that can be
used to transmit and receive HEVC data. In some embodiments, the coding system 240
can comprise an input interface 256, a controller 241, a counter 242, a frame memory
243, an encoding unit 244, a transmitter buffer 267, and an output interface 257. The
decoding system 258 can comprise a receiver buffer 259, a decoding unit 260, a frame
memory 261, and a controller 267. The coding system 240 and the decoding system 258
can be coupled with each other via a transmission path which can carry a compressed bit
stream. The controller 241 of the coding system 240 can control the amount of data to be
transmitted on the basis of the capacity of the transmitter buffer 267 or receiver buffer
259 and can include other parameters such as the amount of data per unit of time. The
controller 241 can control the encoding unit 244 to prevent the occurrence of a failure of
the decoding system 258. The controller 241 can be a processor or can include, by way of

a non-limiting example, a microcomputer having a processor, RAM, and ROM.
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[0054] Source pictures 246 supplied from a content provider can include a video
sequence of frames including source pictures in a video sequence. The source pictures
246 can be uncompressed or compressed. If the source pictures 246 are uncompressed,
then the coding system 240 can have an encoding function. If the source pictures 246 arc
compressed, then the coding system 240 can have a transcoding function. Coding units
can be derived from the source pictures utilizing the controller 241. The frame memory
243 can have a first arca that can be used for storing the incoming frames from the source
pictures 246 and a second arca that can be used for reading out the frames and outputting
them to the encoding unit 244. The controller 241 can output an area switching control
signal 249 to the frame memory 243. The arca switching control signal 249 can indicate

whether the first area or the second area is to be utilized.

[0055] The controller 241 can output an encoding control signal 250 to the encoding
unit 244. The encoding control signal 250 can cause the encoding unit 244 to start an
encoding operation, such as preparing the Coding Units based on a source picture. In
response to the encoding control signal 250 from the controller 241, the encoding unit
244 can begin to recad out the prepared Coding Units to a high-efficiency encoding
process, such as a prediction coding process or a transform coding process, which
processes the prepared Coding Units generating video compression data based on the

source pictures associated with the Coding Units.

[0056] The encoding unit 244 can package the generated video compression data in a
packetized elementary stream including video packets. The encoding unit 244 can map
the video packets into an encoded video signal 122 using control information and a
program time stamp, and the encoded video signal 122 can be transmitted to the

transmitter buffer 267.

[0057] The encoded video signal 122, including the generated video compression
data, can be stored in the transmitter buffer 267. The information amount counter 242 can
be incremented to indicate the total amount of data in the transmitter buffer 267. As data

are retrieved and removed from the buffer, the counter 242 can be decremented to reflect
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the amount of data in the transmitter buffer 267. The occupied arca information signal
253 can be transmitted to the counter 242 to indicate whether data from the encoding unit
244 has been added to or removed from the transmitter buffer 267 so the counter 242 can
be incremented or decremented. The controller 241 can control the production of video
packets produced by the encoding unit 244 on the basis of the occupied arca information
253, which can be communicated in order to anticipate, avoid, prevent, or detect an

overflow or underflow from taking place in the transmitter buffer 267.

[0058] The information amount counter 242 can be reset in response to a preset
signal 254 gencrated by the controller 241. After the information amount counter 242 is
reset, it can count data output by the encoding unit 244 and obtain the amount of video
compression data or video packets which have been generated. The information amount
counter 242 can supply the controller 241 with an information amount signal 255
representative of the obtained amount of information. The controller 241 can control the

encoding unit 244 so that there is no overflow at the transmitter buffer 267.

[0059] In some embodiments, the decoding system 258 can comprise an input
interface 266, a receiver buffer 259, a controller 267, a frame memory 261, a decoding
unit 260, and an output interface 267. The receiver buffer 259 of the decoding system 258
can temporarily store the compressed bit stream including the received video
compression data and video packets based on the source pictures from the source pictures
246. The decoding system 258 can read the control information and presentation time
stamp information associated with video packets in the received data and output a frame
number signal 263 which can be supplied to the controller 267. The controller 267 can
supervise the counted number of frames at a predetermined interval. By way of a non-
limiting example, the controller 267 can supervise the counted number of frames cach

time the decoding unit 260 completes a decoding operation.

[0060] In some embodiments, when the frame number signal 263 indicates that the
receiver buffer 259 is at a predetermined capacity, the controller 267 can output a

decoding start signal 264 to the decoding unit 260. When the frame number signal 263
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indicates that the receiver buffer 259 is at less than a predetermined capacity, the
controller 267 can wait for the occurrence of a situation in which the counted number of
frames becomes equal to the predetermined amount. The controller 267 can output the
decoding start signal 264 when the situation occurs. By way of a non-limiting example,
the controller 267 can output the decoding start signal 264 when the frame number signal
263 indicates that the receiver buffer 259 is at the predetermined capacity. The encoded
video packets and video compression data can be decoded in a monotonic order (i.c.,
increasing or decreasing) based on presentation time stamps associated with the encoded

video packets.

[0061] In response to the decoding start signal 264, the decoding unit 260 can decode
data amounting to one picture associated with a frame and compressed video data
associated with the picture associated with video packets from the receiver buffer 259.
The decoding unit 260 can write a decoded video signal 162 into the frame memory 261.
The frame memory 261 can have a first area into which the decoded video signal is
written and a second area used for reading out decoded pictures 262 to the output

interface 267.

[0062] In various embodiments, the coding system 240 can be incorporated or
otherwise associated with a transcoder or an encoding apparatus at a headend, and the
decoding system 258 can be incorporated or otherwise associated with a downstream

device, such as a mobile device, a set-top box, or a transcoder.

[0063] As described above, the encoders 202 employ compression algorithms to
generate bit streams or files of smaller size than the original video sequences in the AV
information 102. Such compression is made possible by reducing spatial and temporal

redundancies in the original sequences.

[0064] Figure 3 is a block diagram illustrating one embodiment of the source encoder
202. The source encoder 202 accepts AV information 102 and uses sampler 302 to

sample the AV information 102 to produce a sequence 303 of successive of digital
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images or pictures, cach having a plurality of pixels. A picture can comprise a frame or a
field, wherein a frame is a complete image captured during a known time interval, and a
field is the set of odd-numbered or even-numbered scanning lines composing a partial

image.

[0065] The sampler 302 produces an uncompressed picture sequence 303. Each
digital picture can be represented by one or more matrices having a plurality of
coefficients that represent information about the pixels that together compose the picture.
The value of a pixel can correspond to luminance or other information. In the case where
several components arc associated with cach pixel (for example red-green-blue
components or luminance-chrominance components), cach of these components may be

separately processed.

[0066] Images can be segmented into “slices,” which may comprise a portion of the
picture or may comprise the entire picture. In the H.264 standard, these slices are divided
into coding entities called macroblocks (generally blocks of size 16 pixelsx16 pixels),
and cach macroblock may in turn be divided into different sizes of data blocks, for
example 4x4, 4x8, 8x4, §8x8, 8§x16, or 16x8. HEVC expands and generalizes the notion
of the coding entity beyond that of the macroblock.

[0067] Like other video coding standards, HEVC is a block-based hybrid spatial and
temporal predictive coding scheme. However, HEVC introduces new coding entities that
are not included with the H.264/AVC standard. These coding entities include Coding-
Tree block (“CTUSs”), coding units (“CUs”), predictive units (“PUs”), and transform units
(“TUs”) which are further described below.

[0068] Figure 4 is a diagram 400 of AV information 102, such as one of the pictures
in the picture sequence 303. The picture 400 is spatially divided into non-overlapping
square blocks known as CTUs 402. Unlike H.264 and previous video coding standards
where the basic coding unit is macroblock of 16x16 pixels, the CTU 402 is the basic
coding unit of HEVC and can be as large as 128x128 pixels. As shown in Figure 4, the
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CTUs 402 are typically referenced within the picture 400 in an order analogous to a

progressive scan.

[0069] Each CTU 402 may in turn be iteratively divided into smaller variable size
coding units described by a “quadtree” decomposition further described below. Coding
units are regions formed in the image to which similar encoding parameters are applied

and transmitted in the bitstream 314.

[0070] Figure 5 is a diagram showing an exemplary partition of a CTU 402 into CUs
such as CUs 502A and 502B. A single CTU 402 can be divided into four CUs 502 such
as CU 502A, cach a quarter of the size of CTU 402. Each such divided CU 502A can be
further divided into four smaller CUs 502B of a quarter of the size of the initial CU
502A.

[0071] The division of CTUs 402 into CUs 502A and into smaller CUs 502B is
described by “quadtree” data parameters (e.g., flags or bits) that are encoded into the

output bitstream 314 along with the encoded data as overhead called “syntax elements.”

[0072] Figure 6 is a diagram illustrating a representative quadtree 600 and data
parameters for the CTU 402 partitioning shown in Figure 5. The quadtree 600 comprises
a plurality of nodes including first node 602A at onc hicrarchical level and second node
602B at a lower hicrarchical level (hercinafter, quadtrec nodes may be alternatively
referred to as “nodes” 602). At each node 602 of a quadtree, a “split flag” or bit “1” is

assigned if the node 602 is further split into sub-nodes, otherwise a bit “0” is assigned.

[0073] For example, the CTU 402 partition illustrated in Figure 5 can be represented
by the quadtree 600 presented in Figure 6, which includes a split flag of “1” associated
with node 602A at the top CU 502 level (indicating there are 4 additional nodes at a
lower hierarchical level). The illustrated quadtree 600 also includes a split flag of “1”
associated with node 602B at the middle CU 502 level to indicate that this CU is also
partitioned into four further CUs 502 at the next (bottom) CU level. The source encoder
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202 may restrict the minimum and maximum CU 502 sizes, thus changing the maximum

possible depth of CU 502 splitting.

[0074] The encoder 202 gencrates encoded AV information 106 in the form of a
bitstream 314 that includes a first portion having encoded data for the CUs 502 and a
second portion that includes overhecad known as syntax elements. The encoded data
include data corresponding to the encoded CUs 502 ( i.e., the encoded residuals together
with their associated motion vectors, predictors, or related residuals as described further
below). The second portion includes syntax clements that may represent encoding
parameters which do not directly correspond to the encoded data of the blocks. For
example, the syntax clements may comprise an address and identification of the CU 502
in the image, a quantization parameter, an indication of the clected Inter/Intra coding

mode, the quadtree 600, or other information.

[0075] CUs 502 correspond to elementary coding elements and include two related
sub-units: PUs and TUs, both of which have a maximum size equal to the size of the

corresponding CU 502.

[0076] Figure 7 is a diagram illustrating the partition of a CU 502 into one or more
PUs 702. A PU 702 corresponds to a partitioned CU 502 and is used to predict pixels
values for intra-picture or inter-picture types. PUs 702 are an extension of the partitioning
of H.264/AVC for motion estimation and are defined for ecach CU 502 that is not further
subdivided into other CUs (“split flag” = 0). At cach leaf 604 of the quadtree 600, a final
(bottom level) CU 502 of 2Nx2N can possess one of four possible patterns of PUs:
2Nx2N (702A), Nx2N (702B), 2NxN (702C), and NxN (702D), as shown in Figure 7.

[0077] A CU 502 can be cither spatially or temporally predictively encoded. If a CU
502 is coded in “intra” mode, each PU 702 of the CU 502 can have its own spatial
prediction direction and image information as further described below. Also, in the
“intra” mode, the PU 702 of the CU 502 may depend on another CU 502 because it may

usc a spatial neighbor, which is in another CU. If a CU 502 is coded in “inter” mode,
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ecach PU 702 of the CU 502 can have its own motion vectors and associated reference

pictures as further described below.

[0078] Figure 8 is a diagram showing a CU 502 partitioned into four PUs 702 and an
associated set of TUs 802. TUs 802 are used to represent the elementary units that are
spatially transformed by a Discrete Cosine Transform (“DCT”). The size and location of
cach block transform TU 802 within a CU 502 is described by an RQT further illustrated

below.

[0079] Figure 9 shows RQT 900 for TUs 802 for the CU 502 in the example of
Figure 8. Note that the “1” at the first node 902A of the RQT 900 indicates that there are
four branches, and that the “1” at the second node 902B at the adjacent lower hicrarchical
level indicates that the indicated node further has four branches. The data describing the
RQT 900 are also coded and transmitted as overhead in the bitstream 314.

[0080] The coding parameters of a video sequence may be stored in dedicated NAL
units called parameter sets. Two types of parameter scts may be employed. The first
parameter sect type is known as an SPS and comprises a NAL unit that includes
parameters that are unchanged during the entire video sequence. Typically, an SPS
handles the coding profile, the size of the video frames, and other parameters. The second
type of parameter set is known as a PPS and codes different values that may change from

onc image to another.

[0081] One of the techniques used to compress a bitstream 314 is to forego the
storage of pixel values themselves and instead predict the pixel values using a process
that can be repeated at the decoder 220 and store or transmit the difference between the
predicted pixel values and the actual pixel values (known as the residual). So long as the
decoder 220 can compute the same predicted pixel values from the information provided,
the actual picture values can be recovered by adding the residuals to the predicted values.

The same technique can be used to compress other data as well.
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[0082] Referring back to Figure 3, each PU 702 of the CU 502 being processed is
provided to a predictor module 307. The predictor module 307 predicts the values of the
PUs 702 based on information in nearby PUs 702 in the same frame (intra-frame
prediction, which is performed by the spatial predictor 324) and information of PUs 702
in temporally proximate frames (inter-frame prediction, which is performed by the
temporal predictor 330). Temporal prediction, however, may not always be based on a
collocated PU, since collocated PUs are defined to be located at a reference/non-
reference frame having the same x and y coordinates as the current PU 702. These

techniques take advantage of spatial and temporal dependencies between PUs 702.

[0083] Encoded units can therefore be categorized to include two types: (1) non-
temporally predicted units and (2) temporally predicted units. Non-temporally predicted
units are predicted using the current frame, including adjacent or nearby PUs 702 within
the frame (e.g., intra-frame prediction), and are gencrated by the spatial predictor 324.
Temporally predicted units are predicted from one temporal picture (e.g., P-frames) or

predicted from at least two reference pictures temporally ahead or behind (i.c., B-frames).

[0084] Figure 10 is a diagram illustrating spatial prediction of PUs 702. A picture i
may comprise a PU 702 and spatially proximate other PUs 1-4, including nearby PU
702N. The spatial predictor 324 predicts the current block (e.g., block C of Figure 10) by
means of an “intra-frame” prediction which uses PUs 702 of already encoded other

blocks of pixels of the current image.

[0085] The spatial predictor 324 locates a nearby PU (e.g., PU 1, 2, 3, or 4 of Figure
10) that is appropriate for spatial coding and determines an angular prediction direction to
that nearby PU. In HEVC, 35 directions can be considered, so each PU may have one of
35 directions associated with it, including horizontal, vertical, 45 degree diagonal, 135
degree diagonal, DC, etc. The spatial prediction direction of the PU is indicated in the

syntax.
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[0086] Referring back to the spatial predictor 324 of Figure 3, this located nearby PU
is used to compute a residual PU 704 (e) as the difference between the pixels of the
necarby PU 702N and the current PU 702, using clement 305. The result is an intra-
predicted PU element 1006 that comprises a prediction direction 1002 and the intra-
predicted residual PU 1004. The prediction direction 1002 may be coded by inferring the
direction from spatially proximate PUs and the spatial dependencies of the picture,

enabling the coding rate of the intra prediction direction mode to be reduced.

[0087] Figure 11 is a diagram illustrating temporal prediction. Temporal prediction
considers information from temporally neighboring pictures or frames, such as the

previous picture, picture i-1.

[0088] Generally, temporal prediction includes single-prediction (P-type), which
predicts the PU 702 by referring to one reference arca from only one reference picture,
and multiple prediction (B-type), which predicts the PU by referring to two reference
arcas from one or two reference pictures. Reference images are images in the video

sequence that have already been coded and then reconstructed (by decoding).

[0089] The temporal predictor 330 identifies, in one or several of these reference
arcas (one for P-type or several for B-type), areas of pixels in a temporally nearby frame
so that they can be used as predictors of this current PU 702. In the case where several
arcas predictors are used (B-type), they may be merged to generate one single prediction.
The reference arca 1102 is identified in the reference frame by a motion vector (“MV”)
1104 that defines the displacement between the current PU 702 in current frame (picture
1) and the reference arca 1102 (“refldx”) in the reference frame (picture i-1). A PU in a B-
picture may have up to two MVs. Both MV and refldx information are included in the

syntax of the HEVC bitstream.

[0090] Referring again to Figure 3, a difference between the pixel values of the
reference area 1102 and the current PU 702 may be computed by element 305 as selected
by switch 306. This difference is referred to as the residual of the inter-predicted PU
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1106. At the end of the temporal or inter-frame prediction process, the current PU 1006 is
composed of one MV 1104 and a residual 1106.

[0091] However, as described above, one technique for compressing data is to
generate predicted values for the data using means repeatable by the decoder 220,
computing the difference between the predicted and actual values of the data (the
residual) and transmitting the residual for decoding. So long as the decoder 220 can
reproduce the predicted values, the residual values can be used to determine the actual

values.

[0092] This technique can be applied to the MVs 1104 used in temporal prediction by
generating a prediction of the MV 1104, computing a difference between the actual MV
1104 and the predicted MV 1104 (a residual), and transmitting the MV residual in the
bitstream 314. So long as the decoder 220 can reproduce the predicted MV 1104, the
actual MV 1104 can be computed from the residual. HEVC computes a predicted MV for

cach PU 702 using the spatial correlation of movement between nearby PUs 702.

[0093] Figure 12 is a diagram illustrating the use of MVPs in HEVC. MVPs V,, V,,
and V3 are taken from the MVs 1104 of a plurality of blocks 1, 2, and 3 situated ncarby
or adjacent to the block to encode (C). As these vectors refer to MVs of spatially
neighboring blocks within the same temporal frame and can be used to predict the MV of

the block to encode, these vectors are known as spatial motion predictors.

[0094] Figure 12 also illustrates a temporal MVP V¢ which is the MV of the co-
located block C’ in a previously decoded picture (in decoding order) of the sequence
(c.g., a block of picture i-1 located at the same spatial position as the block currently

being coded (block C of image 1)).

[0095] The components of the spatial MVPs Vi, V,, and V3 and the temporal MVP
Vrcan be used to generate a median MVP V). In HEVC, the three spatial MVPs may be
taken as shown in Figure 12, that is, from the block situated to the left of the block to
encode (V;), the block situated above (V3), and from one of the blocks situated at the
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corners of the block to encode (V3), according to a predetermined rule of availability.

This MV predictor selection technique is known as Advanced Motion Vector Prediction.

[0096] A plurality of (typically five) MVP candidates having spatial predictors (e.g.,
V1, V3, and V3) and temporal predictors Vr are therefore obtained. In order to reduce the
overhead of signaling the MVP in the bitstream, the set of MVPs may be reduced by
climinating data for duplicated MVs (for example, MVs which have the same value as

other MVs may be climinated from the candidates).

[0097] The encoder 202 may select a “best” MVP from among the candidates,
compute an MVP residual as a difference between the selected MVP and the actual MV,
and transmit the MVP residual in the bitstream 314. To perform this operation, the actual
MYV must be stored for later use by the decoder 220 (although it is not transmitted in the
bit stream 314). Signaling bits or flags are included in the bitstream 314 to specify which
MYV residual was computed from the normalized MVP and are later used by the decoder

to recover the MV. These bits or flags are further described below.

[0098] Referring back to Figure 3, the intra-predicted residuals 1004 and the inter-
predicted residuals 1106 obtained from the spatial (intra) or temporal (inter) prediction
process are then transformed by transform module 308 into the TUs 802 described above.
A TU 802 can be further split into smaller TUs using the RQT decomposition described
above with respect to Figure 9. In HEVC, generally two or three levels of decomposition
are used and authorized transform sizes are 32x32, 16x16, 8x8, and 4x4. As described

above, the transform is derived according to a DCT or discrete sine transform.

[0099] The residual transformed coefficients are then quantized by quantizer 310.
Quantization plays a very important role in data compression. In HEVC, quantization
converts the high precision transform coefficients into a finite number of possible values.
Although the quantization permits a great deal of compression, quantization is a lossy

operation, and the loss by quantization cannot be recovered.
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[0100] The coefficients of the quantized transformed residual are coded by means of
an entropy coder 312 and then inserted into the compressed bit stream 314 as a part of the
uscful data coding the images of the AV information. Coding syntax clements may also
be coded using spatial dependencies between syntax elements to increase the coding
efficiency. HEVC offers context-adaptive binary arithmetic coding (“CABAC”). Other

forms of entropy or arithmetic coding may also be used.

[0101] In order to calculate the predictors used above, the encoder 202 decodes
already encoded PUs 702 using the “decoding” loop 315, which includes elements 316,
318, 320, 322, and 328. This decoding loop 315 reconstructs the PUs and images from

the quantized transformed residuals.

[0102] The quantized transform residual coefficients E are provided to dequantizer
316, which applies the inverse operation to that of quantizer 310 to produce dequantized
transform coefficients of the residual PU (£’) 708. The dequantized data 708 are then
provided to inverse transformer 318 which applies the inverse of the transform applied by
the transform module 308 to generate reconstructed residual coefficients of the PU (&)

710.

[0103] The reconstructed coefficients of the residual PU 710 are then added to the
corresponding coefficients of the corresponding predicted PU (x’) 702’ selected from the
intra-predicted PU 1004 and the inter-predicted PU 1106 by selector 306 . For example, if
the reconstructed residual comes from the “intra” coding process of the spatial predictor
324, then the “intra” predictor (x’) is added to this residual in order to recover a
reconstructed PU (x’”) 712 corresponding to the original PU 702 modified by the losses
resulting from a transformation, for example in this case the quantization operations. If
the residual 710 comes from an “inter” coding process of the temporal predictor 330, then
the areas pointed to by the current MVs (these arcas belong to the reference images
stored in reference buffer 328 referred by the current image indices) are merged and then
added to this decoded residual. In this way the original PU 702 is modified by the losses

resulting from the quantization operations.
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[0104] To the extent that the encoder 202 uses motion vector prediction techniques
analogous to the image prediction techniques described above, the MV may be stored
using the MV buffer 329 for use in temporally subsequent frames. As further described
below, a flag may be set and transferred in the syntax to indicate that the MV for the
currently decoded frame should be used for at least the subsequently coded frame instead

of replacing the contents of the MV buffer 329 with the MV for the current frame.

[0105] A loop filter 322 is applied to the reconstructed signal (x’) 712 in order to
reduce the effects created by heavy quantization of the residuals obtained and to improve
the signal quality. The loop filter 322 may comprise, for example, a deblocking filter for
smoothing borders between PUs to visually attenuate high frequencies created by the
coding process and a linear filter that is applied after all of the PUs for an image have
been decoded to minimize the sum of the square difference (“SSD”) with the original
image. The linear filtering process is performed on a frame-by-frame basis and uses
several pixels around the pixel to be filtered and also uses spatial dependencies between
pixels of the frame. The linear filter cocfficients may be coded and transmitted in one

header of the bitstream, typically a picture or slice header.

[0106] The filtered images, also known as reconstructed images, are then stored as
reference images in reference image buffer 328 in order to allow the subsequent “Inter”
predictions taking place during the compression of the subsequent images of the current

video sequence.

[0107] As described above, to reduce errors and to improve compression, HEVC
permits the use of several reference images for estimation and motion compensation of
the current image. Given a current PU 702 in a current picture, the collocated PU 1102
for a particular slice resides in an associated nearby reference or non-reference picture.
For example, in Figure 12, the collocated PU 1102 for the current PU 702 in picture (i)
resides in the associated nearby reference picture (i-1). The best “inter” or temporal

predictors of the current PU 702 are selected in some of the multiple reference or non-
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reference images, which may be based on pictures temporally prior to or after the current

picture in display order (backwards and forward prediction, respectively).

[0108] For HEVC, the index to reference pictures is defined by reference picture lists
that are described in the slice syntax. Forward prediction is defined by list 0
(“RefPicList0”), and backward prediction is defined by list 1 (“RefPicListl”), and both
list 0 and list 1 can contain multiple reference pictures prior to or later than the current

picture in the display order.

[0109] Figure 13 illustrates an example of the use of the reference picture lists.
Consider pictures 0, 2, 4, 5, 6, 8, and 10 shown in Figure 13, wherein the numbers of
cach picture denote display order, and the current picture is picture 5. In this case, the
list 0 reference pictures with ascending reference picture indices and starting with index
equal to zero are 4, 2, 0, 6, 8, and 10, and the list 1 reference pictures with ascending
reference picture indices and starting with index equal to zero are 6, 8, 10, 4, 2, and 0. A
slice that the motion compensated prediction is restricted to the list 0 prediction is called
a predictive or P-slice. Collocated pictures are indicated by using the collocated ref idx
index in the HEVC. A slice for which the motion-compensated prediction includes more
than one reference picture is a bi-predictive or B-slice. For B-slices, the motion
compensated prediction may include reference pictures from list 1 prediction as well as

list 0.

[0110] Hence, a collocated PU 1102 is disposed in a reference picture specified in
cither list 0 or list 1. A flag (collocated from 10 flag) is used to specify whether the
collocated partition should be derived from list 0 or list 1 for a particular slice type.

Each of the reference pictures is also associated with an MV.

[0111] According to the HEVC standard, if the slice type is equal to B, and the
collocated from 10 flag is 0, then the collocated ref idx variable specifies the reference
picture as the picture that contains the co-located partition as specified by RefPicListl.

Otherwise (slice type is equal to B and collocated from 10 flag is equal to 1 or
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slice_type is equal to P), the collocated ref idx variable specifics the reference picture as

the picture that contains the collocated partition as specified by RefPicList0.

[0112] Figure 14 is a diagram illustrating processes performed by the encoder 202
according to the aforementioned standard. Block 1402 determines whether the current
picture is a reference picture for another picture. If not, there is no need to store the
reference picture or MV information. If the current picture is a reference picture for
another picture, then block 1504 determines whether the “another” picture is a P-type or a
B-type picture. If the picture is a P-type picture, then processing is passed to block 1410,
which sets the collocated from 10 flag to one and stores the reference picture and MV
in list 0. If the “another picture” is a B-type picture, then block 1406 nonctheless directs
processing to blocks 1408 and 1410 if the desired reference picture is to be stored in list
0, and to blocks 1412 and 1414 if the desired reference picture and MV are to be stored in
list 1. This decision may be based on whether it is desirable to sclect reference pictures
from a temporally preceding or succeeding picture. Which of the multiple possible

reference pictures is sclected is determined according to the collocated ref idx index.

[0113] Figure 15 depicts the use of a the collocated from 10 flag by the decoder 220
in decoding according to the previous HEVC standard. Block 1502 determines if the
current slice type being computed is an intra or I-type. Such slices do not use temporally
nearby slices in the encoding/decoding process, and hence there is no need to find a
temporally nearby reference picture. If the slice type is not I-type, then block 1504
determines whether the slice is a B-slice. If the slice is not a B-type, it is a P-type slice,
and the reference picture that contains the collocated partition is found in list 0, according
to the wvalue of collocated ref idx. If the slice is B-type, then the
collocated from 10 flag determines whether the reference picture is found in list O or list
1. As the index indicates, the collocated picture is therefore defined as the reference
picture having the indicated collocated ref idx in either list O or list 1, depending on the

slice type (B-type or P-type) and the value of the collocated from 10 flag. In one
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embodiment of HEVC, the first reference picture (the reference picture having index [0]

as shown in Figure 13) is selected as the collocated picture.
[0114] Figures 16A and 16B are diagrams presenting a baseline PPS syntax.

[0115] HEVC implements a technique known as weighted prediction, which is used
to encode chroma and luma data used in slices subject to temporal encoding. As
described, weighted prediction can consider one other reference slice (uni-weighted
prediction) or two or more slices (bi-weighted prediction). As illustrated in Figure 16A,
the PPS syntax includes two flags related to weighted prediction operations:
weighted pred flag 1602 and weighted bipred flag 1604. The weighted prediction flag
1602 specifies whether weighted prediction is to be applied to image data of P-slices.
Setting the value to logical 1 indicates that weighed prediction is to be applied to image
data in the P-slices in the picture, whereas setting the value to logical 0 indicates that
weighted prediction is not to be applied to P-slices within the picture. Similarly, the
weighted bipred flag 1604 is sct to logical 0 to specify that the default weighted
prediction is applied to B slices, and sct to logical 1 specifies that weighted prediction is

applied to B slices.

[0116] Figures 17A through 17C are diagrams presenting a bascline slice header
logic and syntax. In the diagrams, indentation of the text indicates the logical structure of
the syntax, wherein the delimiter “||” represents a logical “OR,” “&&” represents a
logical “AND,” and “!” represents a logical inverse or complement. Further, if a logical
condition statement (c.g., “if” statement) is true, then the operations indented from the
logical if statement (and enclosed in brackets “{}”) are performed, otherwise processing

continues to the next logical statement.

[0117] Turning first to Figure 17A, slice processing syntax differs depending upon
whether the slice is the first of a plurality of slices in a picture, or if it is not the first slice

in the picture. Accordingly, the slice header comprises a first slice in picture flag
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(first_slice in_pic flag) that is read. This is illustrated in syntax 1702. If a RapPicFlag is

set, ano_output of prior pics flag is read, as shown in syntax 1703.

[0118] As described earlier, the HEVC standard includes a plurality of NAL unit
types that include a VPS, an SPS which presents parameters for a sequence of pictures,
and a PPS which describes parameters for a particular picture. An identifier of the picture
parameter sct is also read. If the slice is not the first slice in the picture, then the slice

address is read. This is illustrated in syntax 1706.

[0119] As described above, slices may include non-dependent slices or dependent
slices, and the slice header syntax permits the disabling or enabling of the use of
dependent slices altogether. The next logic uses a previously read flag that signals that
dependent slices are enabled and the first slice in_pic flag to determine whether to read
the dependent slice flag. Note that if the slice is the first slice in the picture, then the
dependent slice flag for this slice is not read, as the slice cannot be a dependent slice
under such circumstances. If the slice is not a dependent slice, then the logic that follows
reads the slice type and other parameters that arc used in later processing for all slice

types (I, P, and B). Further processing shown in syntax 1712 is also performed.

[0120] Turning now to Figure 17B, syntax 1715 includes a conditional statement
testing whether the slice type data read earlier in the slice header indicate if the slice type
is either P or B. If the slice type is neither P or B, then processing is routed to determine
whether read reference picture list (ref pic_list modification) is read or not, as further
discussed below with reference to syntax 1719. If the slice type is a P or B, then the logic
uses an sps_temporal mvp enable flag that was read as a part of the SPS header syntax
to determine if the slice may be decoded using temporal MVP. If the flag is set,
indicating that temporal MVP may be enabled, then a flag describing whether temporal

MVP is permitted for the picture containing the slice is read.

[0121] Regardless of the status of the sps temporal mvp enable flag, the

num_ref idx active override flag is read as shown in syntax 1717. This flag indicates
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whether a  parameter (num_ref inx 10 active minusl) describing the maximum
reference  picture list index for list 0 (P-type) or another parameter
(mum_ref idx 11 active minusl) describing the maximum reference picture list index
for  list 1 (B-type) are present in the slice header. If the
num_ref idx active override flag is positive, then the num ref inx 10 active _minusl
parameter is read, and if the slice is a B-type slice, then the

num_ref inx 11 active minusl parameter is also read, as shown in syntax 1718.

[0122] HEVC permits the baseline of the reference pictures to be modified in the
encoding process. Without regard for the slice type (since the operations that follow are
not within the conditional in syntax 1715 testing whether the slice is a P-type or a B-
type), a previously read flag is read, in one embodiment, from the PPS. If this flag tests as

alogic 1, then aref pic_list modification syntax is executed.

[0123] This information is used by the ref pic list modification syntax to read,
based on the slice type, a flag identifying whether the slice was encoded according to an
implicit reference picture list (if the flag is a logical zero or not provided) or if the
reference picture list for the reference picture list associated with the slice is to be
explicitly defined (if the flag is logical 1), in which case list entries for the reference
picture list are read. As described further below, the baseline ref pic _list modification
syntax includes logical conditional statements based on the slice-type, which are

simplified in the solutions described below.

[0124] Next, the slice header logic again determines whether the slice under
consideration is a B-type slice, and if so, recads an mvd 11 zero flag. The
mvd 11 zero flag is not applicable to P-type slices and indicates whether the MV
difference coding syntax structure used with B-type slices is parsed or not. This is shown

in syntax 1720.

[0125] As described above with reference to the entropy encoder 312 illustrated in
Figure 3, HEVC implements context adaptive coding such as CABAC. CABAC is a form
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of entropy encoding that encodes binary symbols using probability models. A non-binary
valued symbol (such as a transform unit coefficient or MV) is binarized or converted into
a binary code prior to arithmetic coding. Stages are repeated for each bit (or “bin”) of the

binarized symbol.

[0126] A context model is a probability model for one or more bins of the binarized
symbol. This model may be chosen from a plurality of available models depending on the
statistics of recently coded data symbols. The context model stores the probability of cach
bin being “1” or “0.” An arithmetic coder then encodes each bin according to the selected

probability model.

[0127] A context variable is a variable specified for the adaptive binary arithmetic
decoding process of a bin by an equation containing recently decoded bins. A
cabac_init_flag specifies the method for determining the initialization table used in the
initialization process for context variables. The value of cabac init flag is from 0 to 1,

inclusive. When cabac_init_flag is not present, it is inferred to be 0.

[0128] Returning to Figure 17B, the slice header logic checks a signaling flag
indicating whether the cabac_init_flag is present in the slice header and should be read. If
the signaling flag indicates that the context variable initialization flag is present in the
slice header, then the context variable initialization flag is read. The context variable
initialization variable flag specifies the method for determining the initialization table

used in the context variable initialization process. This is shown in syntax 1722.

[0129] Next, the slice header logic performs operations related to determining the
location of the collocated picture used for temporal MVP. The slice header first checks if
temporal MVP is enabled on a slice/picture level by checking a flag as shown in syntax
1724. If the flag is not set, then processing is directed to the weighted prediction
discussed further below. If the flag is set, then the slice header logic determines if the
slice type is B, as shown in syntax 1730. If the slice type is B, then the slice header logic

reads the collocated from 10 flag, as shown in syntax 1732. Next, the logic determines
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if the slice type is not I-type and either (1) the logical combination of the
collocated from 10 flag and the num_ref idx 10 _active minusl is greater than zero or
(2) the logical combination of the inverse of the collocated from 10 flag and the
num_ref idx active minusl is greater than zero. If cither of these possibilities tests to

True, then the collocated ref idx is read, as shown in syntax 1734.

[0130] HEVC and previous coding standards permit a scaling and offset operation
that is applied to prediction signals in a manner known as weighted prediction. Whereas
H.264/MPEG-4 AVC supported both temporally-implicit and explicit weighted
prediction, in HEVC, only explicit weighted prediction is applied, by scaling and
offsetting the prediction with values sent explicitly by the encoder. The bit depth of the
prediction is then adjusted to the original bit depth of the reference samples. In the case
of uni-prediction, the interpolated (and possibly weighted) prediction value is rounded,
right-shifted, and clipped to have the original bit depth. In the case of bi-prediction, the
interpolated (and possibly weighted) prediction values from two prediction blocks are

added first, and then rounded, right-shifted and clipped.

[0131] In previous coding standards, up to three stages of rounding operations are
required to obtain cach prediction sample (for samples located at quarter-sample
positions). Thus, if bi-prediction is used, then the total number of rounding operations is
then seven in the worst case. In HEVC, at most two rounding operations are needed to
obtain each sample located at the quarter-sample positions; thus five rounding operations
arc sufficient in the worst case when bi-prediction is used. Moreover, in the most
common case, where the bit depth B is 8 bits, the total number of rounding operations in
the worst case is further reduced to three. Due to the lower number of rounding
operations, the accumulated rounding error is decreased, and greater flexibility is enabled

in regard to the manner of performing the necessary operations in the decoder.

[0132] Returning to Figure 17B, the slice header logic uses the slice type and the
weighted prediction flags described above to determine if a table for weighted prediction

is to be read and applied to the image data of the slice. As described above, the
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weighted pred flag is set equal to logical 0 to indicate that the weighted prediction is not
applied to P slices, and set to logical 1 to indicate that weighted prediction is applied to P
slices. The weighted bipred flag is set to logical 0 to specify that the default weighted
prediction is applied to B slices, and sct to logical 1 specifies that weighted prediction is
applied to B slices. The slice header logic includes logic to read and apply the prediction
weight table to slice image values if the weighted pred flag is set to a logical 1 and the
slice type is P or if the weighted bipred flag is set to a logical 1 and the slice type is B,

as shown in syntax 1736.

[0133] A maximum number of MV prediction candidates that are supported in the
slice can be specified. In the slice header logic, this is specified as the difference between
the number “5” and the maximum number and is referred to as
five_ minus_max num_merge cand. In the next slice header logic, if the slice type is a P
type or a B type, then the five minus max num merge cand is read, as shown in syntax
1738. Since the maximum number of candidates is typically five, the number read is

typically zero.

[0134] Without regard for the outcome of the syntax 1715 determining if the slice
was an inter-predicted (P or B type) slice, the slice header logic reads a variable
describing the initial value for a quantization parameter to be used in coding blocks of
data is read. This initial value is used until modified in the coding unit. This is illustrated

by syntax 1740.

[0135] As described above, the loop filter 322 of the encoder/decoder may comprise,
for example, a deblocking filter for smoothing borders between PUs to visually attenuate
high frequencies created by the coding process and a linear filter that is applied after all
of the PUs for an image have been decoded to minimize the SSD with the original image.
The lincar filtering process is performed on a frame-by-frame basis and uses several
pixels around the pixel to be filtered and also uses spatial dependencies between pixels of
the frame. The linear filter coefficients may be coded and transmitted in one header of the

bitstream, typically a picture or slice header.
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[0136] Returning to Figure 17B, the slice header logic performs deblocking filter
logic, as illustrated with respect to syntax 1742, This step is performed without regard for
the outcome of the logic determining if the slice was an inter-predicted (P or B type) slice
as described in syntax 1715 above. First, the slice header logic determines whether a
deblocking filter control is enabled by checking the status of a control flag in the PPS. If
the flag tests true, then logic checks to determine if the deblocking filter is overridden by
checking another flag which indicates that the slice header for pictures referring to the
PPS have a deblocking filter override. If this filter is enabled, then a flag is read that
indicates that the deblocking filter is to be overridden. Logic then determines whether the
deblocking override filter is set, and if so, reads a slice header level flag (that indicates
whether the deblocking filter should be disabled). If this flag is not set, then the slice
header logic reads the beta offset div2 and tc offset div2 data, which specify default

deblocking parameter offsets.

[0137] Finally, HEVC permits in-loop filtering operations to be performed across left
and upper boundaries of the current slice. Previous editions of the HEVC slice header
included a flag that when set equal to 1 specifies that these in-loop filtering operations
(include the deblocking filter and sample adaptive offset filter ) are performed across the
left and upper boundaries of the current slice; otherwise, the in-loop operations are not
applied across left and upper boundaries of the current slice. The logic of syntax 1742
rcads this flag if the feature is enabled on a sequence level (e.g., the
loop_filter across_slices cnabled flag is set and any one of the indicated flags is set, as
shown in syntax 1742). The remaining slice header syntax logic 1744 relates to the use of

tiles or slice header extensions.

[0138] As described above, placing the flags controlling the reading and application
of weighted prediction data to image data in the PPS creates logical inconsistencies and
can result in wasted bits. Accoringly, this disclosure describes removing such flags from
the PPS and instead using a single flag in the slice header to perform analogous

functionality.
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[0139] Figures 18A and 18B are diagrams illustrating one embodiment of an
improved PPS syntax 1800. Importantly, the improved PPS syntax no longer includes the
weighted pred flag 1602 and weighted bipred flag 1604 or any other flag related to
weighted prediction processing on a picture level. Instead, flags controlling weighted

prediction processing are disposed in the slice header, as described further below

[0140] As described above, the baseline slice header design includes logic that reads
the weighted prediction table of data based upon syntax implementing a logical test to
determine if the weighted pred flag is set and the slice in question is a P type slice or if

the weighted bipred_idc is set and the slice type is B.

[0141] Figures 19A through 19C are diagrams illustrating one embodiment of the
improved slice header syntax. The syntax shown in Figure 19A is identical to the syntax
discussed with respect to Figure 17A. However, the improved slice header syntax
depicted in Figure 19B is modified from the bascline slice header syntax depicted in
Figure 17B. The basecline slice header syntax shown in Figure 17B includes a conditional
statement that determines whether the weighted pred flag is set and the slice is a P slice
or if the weighted bipred flag is set and the slice is a B slice. If cither is true, then the
predicted weight table is read. The modified slice header weighted biprediction syntax
1902, however, reads the weighted prediction flag that signals the application of
weighted prediction for both P and B slices and, if this flag is set, reads the prediction
weight table and applies the predicted weights. The remainder of the improved slice

header syntax is unchanged from that of the baseline slice header.

[0142] As described above, the improved weighted prediction syntax removes two
flags from the PPS syntax (one for P slices and one for B slices) and substitutes a single
flag for both P and B slices in the slice header syntax. As a result, the flags controlling
weighted prediction processing and the weighted prediction parameters are on the same
hierarchical levels of coding (picture versus slice), logical procesing redundancies are

reduced, and in most circumstances, bits are conserved.
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[0143] Figures 20A and 20B are diagrams further illustrating the slice header syntax
logic. Turning first to Figure 20A, block 2002 reads slice-type data. In one embodiment,
the slice-type data are read from the slice header using syntax 1710. Block 2004
determines whether the slice is an inter-predicted slice such as a P slice or a B slice. This
may be implemented using slice header syntax 1715, for example. If the slice is not an
inter-predicetd slice, weighted prediction is not impemented, and in the exemplary syntax
illustrated in Figure 19B, processing bypasses sytnax 1716 through 1738 and is passed to
syntax 1740. If the slice is an inter-predicted slice, processing is routed to block 2006,
which determines whether the slice header includes a parameter signaling enablement of
a state of weighted predication of the related image of the slice. If such parameter is
present in the slice header, then it is read and used to perform weighted prediction
according to the read parameter, as shown in blocks 2008 and 2010. If there is no
parameter in the slice header, then processing is routed to block 2010, where default
weighted prediction processing is performed for B slices but not P slices, as further

described below.

[0144] Figure 20B is a diagram further illustrating the weighted prediction
processing. Block 2022 determines whether the weighted pred flag has a value of
logical 1. If so, blocks 2030 and 2032 read the pred weight table and apply weighted
prediction to the slice. If block 2022 does not determine that the
weighted pred enable flag has a value of a logical 1 (cither because it is set to a logical
0 or is not present and inferred to be logical 0), then processing is passed to block 2024,
which determines if the slice is a P-type slice. If the slice is a P-type slice, then weighted
prediction is not applied to the image data of the slice, as shown in block 2026. If the
slice is not a P-slice (and hence, is a B-slice by virtue of block 2004 determining that the
slice is either a P-slice or a B-slice), then default weighted prediction is applied to the

slice, as shown in block 2028.

[0145] Although  the foregoing illustrates the reading of  the
weighted pred enable flag immediately before the logical syntax using that flag, the
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weighted pred enable flag may instead be read from other portions of the slice header.
In particular, the weighted pred enable flag may be read directly after the slice header
syntax that determines if the slice is an inter-predicted slice (e.g., slice header syntax

1715).

[0146] The foregoing operations are described with respect to a decoding process,
which can take place in cither the source decoder 220 or an encoder 202, as a part of the
encoding process. The encoding process may also be expressed as comprising
determining if a slice of the one or more slices is an inter-predicted slice according to
slice-type data, and if the slice is an inter-predicted slice, then configuring a first
parameter in the slice header associated with the slice to a value signaling enablement of

a state of weighted prediction of image data associated with the slice.

[0147] Figure 21 illustrates an exemplary processing system 2100 that could be used
to implement the embodiments of the invention. The computer 2102 comprises a
processor 2104A,B and a memory, such as 2106. The computer 2102 is operatively
coupled to a display 2122, which presents images such as windows to a user on a
graphical user interface (“GUI”) 2118B. The computer 2102 may be coupled to other
devices, such as a keyboard 2114, a mouse 2116, a printer, etc. Of course, those skilled in
the art will recognize that any combination of the above components, or any number of
different components, peripherals, and other devices, may be used with the computer

2102.

[0148] Generally, the computer 2102 operates under control of an operating system
2108 stored in the memory 2106 and interfaces with the user to accept inputs and
commands and to present results through the GUI module 2118A. Although the GUI
module 2118A is depicted as a separate module, the instructions performing the GUI
functions can be resident or distributed in the operating system 2108, the computer
program 2110, or implemented with special purpose memory and processors. The
computer 2102 also implements a compiler 2112 which allows an application program

2110 written in a programming language to be translated into processor-readable code.
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After completion, the application 2110 accesses and manipulates data stored in the
memory 2106 of the computer 2102 using the relationships and logic that were generated
using the compiler 2112. The computer 2102 also optionally comprises an external
communication device such as a modem, satellite link, Ethernet card, or other device for

communicating with other computers.

[0149] In one embodiment, instructions implementing the operating system 2108, the
computer program 2110, and the compiler 2112 are tangibly embodied in a computer-
readable medium, e.g., in data-storage device 2120, which could include one or more
fixed or removable data storage devices, such as a zip drive, floppy disc drive 2124, hard
drive, CD-ROM drive, tape drive, etc. Further, the operating system 2108 and the
computer program 2110 comprise instructions which, when read and executed by the
computer 2102, cause the computer 2102 to perform the steps necessary to implement or
use the invention. Computer program 2110 or operating instructions may also be tangibly
embodied in memory 2106 or data communications devices 2130, thereby making a

computer program product or article of manufacture.

[0150] The processing system 2100 may also be embodied in a desktop, laptop,
tablet, notebook computer, personal digital assistant, cellphone, smartphone, or any
device with suitable processing and memory capability. Further, the processing system
2100 may utilize special purpose hardware to perform some or all of the foregoing
functionality. For example the encoding and decoding processes described above may be

performed by a special purpose processor and associated memory.

[0151] In view of the many possible embodiments to which the principles of the
present discussion may be applied, it should be recognized that the embodiments
described herein with respect to the drawing figures are meant to be illustrative only and
should not be taken as limiting the scope of the claims. Therefore, the techniques as
described herein contemplate all such embodiments as may come within the scope of the

following claims and equivalents thereof.
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CLAIMS
We claim:
1. In a processing device for decoding a sequence comprising a plurality of pictures,

cach of the plurality of pictures partitionable into one or more slices, cach of the

pictures processed at least in part according to a picture parameter set, and cach of

the slices processed at least in part according to a slice header, a method of

processing the sequence, the method comprising:

determining (2004) if a slice of the one or more slices is an inter-predicted

slice according to slice-type data, wherein:

the slice is a B-type slice if the at least one coding unit of the slice
is coded using motion vector compensation according to up to two motion
vectors associated with at least one reference picture;
the slice is a P-type slice if at least one coding unit of the slice is
coded using motion vector compensation according to no more than one
motion vector associated with the at least one reference picture;
the slice is an I-type slice if no coding units of the slice are coded
using motion vector compensation; and
the slice is an inter-predicted slice only if it is a P-type slice or a B-
type slice; and
if the slice is determined to be an inter-predicted slice:
determining (2006) if a first parameter is in the slice header, the
first parameter associated with a value signaling enablement of a state of
weighted prediction of image data associated with the slice; and
if the first parameter is in the slice header:
reading (2008) the first parameter; and
performing (2010) weighted prediction of the image data

according to the read first parameter.
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2. The method of claim 1 further comprising:
determining if the read first parameter has a first value;
if the read first parameter has the first value:
disabling weighted prediction of the image data associated with the
slice if the slice is a P-slice; and
performing weighted prediction of the image data associated with
the slice according to a default weighted prediction if the slice is a B-slice;
and
determining if the read first parameter has a second value;
if the read first parameter has the second value:
performing weighted prediction of the image data associated with

the slice whether the slice is a P-slice or a B-slice.

3. The method of claim 2 further comprising:
if the first parameter is not in the slice header:
disabling weighted prediction of the image data associated with the
slice if the slice is a P-slice; and
performing weighted prediction of the image data associated with

the slice according to a default weighted prediction if the slice is a B-slice.

4. The method of claim 2 wherein the first parameter is a single flag and wherein the

first value is a logical zero and the second value is logical one.

5. The method of claim 2 wherein performing weighted prediction of the image data
associated with the slice whether the slice is a P-slice or a B-slice comprises:
reading weighted prediction data; and

applying the weighted prediction data to the image data.
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6. In a processing device for encoding a sequence comprising a plurality of pictures,
cach of the plurality of pictures partitionable into one or more slices, each of the
pictures processed at least in part according to a picture parameter set, and each of
the slices processed at least in part according to a slice header, a method of
processing the sequence, the method comprising:

determining if a slice of the one or more slices is an inter-predicted slice
according to slice-type data, wherein:
the slice is a B-type slice if the at least one coding unit of the slice
is coded using motion vector compensation according to up to two motion
vectors associated with at least one reference picture;
the slice is a P-type slice if at least one coding unit of the slice is
coded using motion vector compensation according to no more than one
motion vector associated with the at least one reference picture;
the slice is an I-type slice if no coding units of the slice are coded
using motion vector compensation; and
the slice is an inter-predicted slice only if it is a P-type slice or a B-
type slice; and
if the slice is an inter-predicted slice, configuring a first parameter in the
slice header associated with the slice to a value signaling enablement of a state of

weighted prediction of image data associated with the slice.
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7. The method of claim 6 wherein:
the configuring the first parameter comprises:
setting the first parameter to a first state to enable a first state of
weighted prediction in which:
weighted prediction of the image data associated with the
slice is disabled if the slice is a P-slice; and
weighted prediction of the image data associated with the
slice is performed according to a default weighted prediction if the
slice is a B-slice; and
setting the first parameter to a second value enabling a second
value to enable a second state of weighted prediction in which:
weighted prediction of the image data associated with the

slice is enabled whether the slice is a P-slices or a B-slice.

8. The method of claim 6 further comprising:
determining if the first parameter is sct to the value signaling enablement
of the weighted prediction of the image data associated with the slice; and
if the first parameter is set to the value signaling enablement of the
weighted prediction of the image data associated with the slice, writing weighted

prediction data.
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9. An apparatus for encoding a sequence comprising a plurality of pictures, each of
the plurality of pictures partitionable into one or more slices, each of the pictures
processed at least in part according to a picture parameter set, and each of the
slices processed at least in part according to a slice header, the apparatus
comprising:

a processor (2104A,B);
a memory (2106), communicatively coupled to the processor (2104A,B),
the memory (2106) storing instructions comprising instructions for:
determining, if a slice of the one or more slices is an inter-
predicted slice according to slice-type data, wherein:
the slice is a B-type slice if the at least one coding unit of
the slice is coded using motion vector compensation according to
up to two motion vectors associated with at least one reference
picture;
the slice is a P-type slice if at least one coding unit of the
slice is coded using motion vector compensation according to no
more than one motion vector associated with the at least one
reference picture;
the slice is an I-type slice if no coding units of the slice are
coded using motion vector compensation; and
the slice is an inter-predicted slice only if it is a P-type slice
or a B-type slice; and
if the slice is an inter-predicted slice, configuring a first parameter
in the slice header associated with the slice to a value signaling
enablement of a state of weighted prediction of image data associated with

the slice.
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10. The apparatus of claim 9 wherein:
configuring the first parameter comprises:
setting the first parameter to a first state to enable a first state of
weighted prediction in which:
weighted prediction of the image data associated with the
slice is disabled if the slice is a P-slice; and
weighted prediction of the image data associated with the
slice is performed according to a default weighted prediction if the
slice is a B-slice; and
setting the first parameter to a second value enabling a second
value to enable a second state of weighted prediction in which:
weighted prediction of the image data associated with the

slice is enabled whether the slice is a P-slices or a B-slice.



PCT/US2013/055968

WO 2014/031734

1/25

MY 40U
LOHBULIONI] AY
DBIBACOEM LONBULIOHY AY
pLi |
Zo0b |
r-H——"""""""-"-"""-"-"""-"""-"®"-—"-—"f- ""-—"{"—-"'——-——-—-—__=_== = M.Q
_ “
| 3
WELSAS ! %}m@&mw%@qmohm ! WELSAS
IS - | &
ONITODTT o : NOLLATOSN YL L 'l aniGooNT
_ 1
| e e e e e e e e e e

49 \\ 801 \ FOL \

<
o
Tl



PCT/US2013/055968

WO 2014/031734

2/28

My 40U

. vZ ‘Ol
Fii
ORI AY
PEIBADDISY
e MA44NE HMFG0330 (s)
—> > HIFCO0IT >
NOISSINX NOILJF0FH XTSI QZTIA
! F3HN0S
iz \ 9&.\ 917 \ \
A
TND
Liix
Al
Goe 20% LORBLILIDIUY
0o .M o w ©
HAGOONST W HFCGOIONT
NOISSINX YAAE NOISSINX - XFMLIN O3 TIA HFGOINT [+
\ \ W @U&DOM
cie — oLe \\\ 807 — 204 \\\ AL

FOMINOD DNIGOONT

807 \\\

oee t\\

Yooe




PCT/US2013/055968

WO 2014/031734

3/28

F2INFC
FOVHOLS

LY 4Ok
¢ 9l

HAAANE dADIH LT

FEE
UOIBULIOJUS

AV

HFQOOFA

mmw\

gee \

HIAANG FDVHOLS

JOUN0S

“—>

0 \

cotL
UOIBULIOJUS

HIGOO

14 X4 \

g00¢

F2HN0S

AV

“—>

A4 \



WO 2014/031734

PCT/US2013/055968
4/25
Contant Distribution
System
2000C \'
Coding Systam
£48
] 254/255,
Controller » Counter
241 242
2459 — 283/251 353 253 »sr
s

iifr)e y | inferface

PICtres | erame Memory ‘3;2 ’§; En;ﬁiag {122: Tgv;;sri;f?;i:ter /

\ 243 244 267

interface
256
Compressed
Decoding Systam Bitstream
288
Controller
287
265 .
264
262 k/;>/// 263
Decoded & }
_|Pictures | Frame Memony ‘562\ Def}‘xi‘“g 15’5’\ Receiver
< 261 L Buffer
260 258
interface IntSrface
\267 \ 268

FIG. 2C
Frior Art



PCT/US2013/055968

WO 2014/031734

5/28

8} dooy

8ze
| eyng
-

BT
8

8L 890/

PLE
WIBBSHT

Buipoy
Adonuzg

it K

Z0L

04

Yy

JOJOIDE A
jpioduis

204
{id

& Ol

e “x|J/

oee \

AOIHDBIA
jepeds

AN \

808
M
asiduies
Ho0IG JOWIES
1281 \ 208 k




WO 2014/031734

502A

6/25
400 / 402
CHS
FIG. 4
402
5028
cu | cu ~
cu
cu | cu
cu il

FIG. 5

PCT/US2013/055968



PCT/US2013/055968

WO 2014/031734

7/28

AR |

XN NXNZ NZXN NZXNZ
Ned Ned Md
Nd Nd d
Ned Ned Md
gz02 -
qz0s _ o204 _/ vz,

3\

Z0% Z0% Z0T 70

JOAD] MO T—D

{8ABT] DIN—>

—jeas7 {110} doi>




WO 2014/031734 PCT/US2013/055968
8/25

02
[ -

PU P TU

TU Ty

PU PU TU TU

FIG. 8

<
s

RQT 1

RQT 2

FIG. 9



PCT/US2013/055968

WO 2014/031734

9/25

oI

S00¢
GoLL 4074 FOLE AN
A 201 )
+ | 53 U
WVJ_ =0 : 2 &
Y
FOLL Nid PRIOIPel -9 g
cOLi
§ 8ol [ ~ 1 8IS
¢ SLUI |
QG0+
Y00
J 204
53
"= Aw o0
Nt PIIOIPSIF-E4U
2004 (_—N2os

1 BAOI




WO 2014/031734 PCT/US2013/055968

10/25
Time >
Picture i - 1 Vy  Picture |
icture i ‘% ,\3 icture i
y e N
vild T Ty 10z —
Kl\ ? I \i C
[ — N
702
0 2 4 5 & 8 10
F=listg P B=List1
iy | R pix iy | R pix
0 4 0 ]
7 2 1 8
2 ¢ 2 10
3 & 3 4
4 8 4 2
5 10 5 0

FIG. 13



WO 2014/031734

Exit

P Type

Yes

f 1408

PCT/US2013/055968

11/28

1402

Current Pix a
Refarence Pix for
Another Pix?

Other Pix Type (from
sfice header}

Use Ref List 07

[—7412

Sst colloc_from 10 flag=1

Sel coffoc_from 10 flag= 0

1410
v /

7414
f

Store Ref Pix and MV in
RefPiclistfcollocated_ref idx]

Store Ref Pix and MV in
RefPiclist{coliocated ref idy]

T

FIG. 14



WO 2014/031734
12/25
No Ref Pix
Slice =B
Type?
P Type - 15086
Colocated
From 10 flag =
12
/

RefPiclistO RefFiclist?
RefFix 4 | MV4 RefPix & | MVE
RefPix 2 | MV2 RefPix8 | MVE
RefPix 0 | MVQ RefPix 4 | Mv4
RefPix6 | Mva RefPix 2 | MV2
RefPix 8 | MVS RefPix 0 | MVO

FIG. 15

PCT/US2013/055968



WO 2014/031734

13/25

PCT/US2013/055968

"
it

win sles dov

2 pewend Nag

1602 waighind peed flag

1604

readghied Wpeed Bre

sty ey pre

FERMAFRRRY,

RIS g Rt

S Ssg

R 3358

FIG. 16A



WO 2014/031734 PCT/US2013/055968
14/25

Aabfoakang

s

o
ARy
NN

A

sudanion st Bey

RN S RTRRTR preieny T

P

FIG. 168



WO 2014/031734

PCT/US2013/055968

7703 { s antpisi_of petme pes

1704 ply_parasoater sed_id

Se W D
NN NN

-
3
]
[
#
2

st shics w3 g

g Sng eesent Segd

io_vwiat fisg

wic_erder_sad

shagt fermn_ved pin_s

R —— s
3R Ixhowd tere sed me

o

ot oo ved pwn st smmam

1712

Tlii-

fa_poc_ sk _prewssd fagi:]

¥ delis_por sl @

delta_pow_smad syals i}

tenit

sdise_sae_fuma_$ag

P
.

(1
fost

shee_zan_sheowa Ssp

oo
perd

st

FIG. 17A




WO 2014/031734

=y
i
ry

LY

N

~3

251
—

-
~
3,
~J

-~
~~
5]
<

- -
~ 3
- b
b !

1722

1724
1730
1732

—d i
i o
& X

—
[os]
S

16/25

PCT/US2013/055968

sHes temperad sy euable Haz

suzm_ref ddx_active everside_flsg

i e pef 5

o, 2 = Mo ¥
ve_avemde Hag §{

suan_ref idx ¥ active aminmusl

3

sxban_ud Sag

o

)
>,
(3

Bve minws_ may_weny seergecaad

coaesn_qp_oftety geesent Bag b i

.
LOERTL_ e

ey overmnde_snzided, ftag }

ey _overvide_fag w1
- debloching G¥er fag wii}

= 3
i

2

N
}

U]

betn affesd Byl

fv_offvet slisl

tor s

g

P

FIG.

178



WO 2014/031734 PCT/US2013/055968
17/28

1742 A Aa -~ o
Weinahle debiochimy filfes
iee_deep Ry seraws slie
%
bg
= Blas eoobled Baw || enboov Cooasr svee ennoied fazl(
i fles emabled fag | enbupy sodiegy wvee enabled Sxe)

swn_suiry poind sffeis nelyv}

X

safry_poind offvedls §

Yagh

i
e
oetan

i afice hesder swienvon ywesent fias

shiee header exiemsion length

Soe_header evhensios Jew

ive_header sxtension data Botali ]

rerd

FIG. 17C



WO 2014/031734
18/25

PCT/US2013/055968

pr_paraneter et vhep{ 3

|3

leseripior

pic_prsrasnetuy te id

Teg pEraseds

wes_dsta hé;ﬁissg_ﬁiag

cabese_ s g at_fug

nuss_ped <ai1' B Jdefundi_enitve_nwnns

.

puay_ref Sfx 81 defsult actve_mimusl

sramsform_sidp eunbled g

ei_gr_deley_enshisd fss

WEen_on deltz enabled

deita_depth

pic_or_gp of¥et

s _devel shrosna_gqp offsets_present fn

=
=3

sutpet flag_present fiag

sramsgusedbypazs_enshde faz

dupendent shice enablind Hag

i} Naz

&3

tdes_ew

sadrapy_voding_svre_saxbied Ffizs

enfropy_shee_saalded Ras

s
i s ex

n:mﬂ_ﬁ;ie_-_sﬁ:)‘§1§5&m:§_m§a§s&ﬁ

nusr_§ie pews_suinwsl

uniterss_spesing fisz

FIG. 18A



WO 2014/031734
19/25

f 1800

PCT/US2013/055968

sudusrs_widih_ssiaasi i ]

o5 . S N SR k3
R g T e S ]

vow_hedgly_saimwsdf ]

deblnchong &

3
bl

§

B
I
il
X
sealiug Bt dats_presest faz

hS

i pps_sosbing Y dats_present fag )

sy bist dats }

faed paw

Tl zmerze Movel smdmwsd

sHice_besder_extensing_provens fag

Hee_sxtemsion_pyesent Sag

pps_exsensien Nap

o pye_evherssena_Ha

19
ot

dataf 3%

- extension_dats fsg

%
%

e trarlamg havsd )}

g

FIG. 188



WO 2014/031734
20/25

PCT/US2013/055968

oL

Deccriptar

re_tw_pieHag

PeFiae

R R

1763 S e—
* ne_cutpnt_of_prier pies 8ag

1704 P _posraareder ved &8

iR Sdependent shos snabled B

dependent_alive

-y

o

1710

pis_owspat_fixg

i Idepandent shor 8az 34
sHes Rpe A
it suspast_Sag presest fag )
w i}

pis_order_cat_fsh

ovt_teews_yef gy et sps_Rag

i e e

short_perzn_yef por s

el

shert serss el pie et ddx

e

i

T =
| hang_terwsy red me

suwm_lvwr fersn_pivs

1712

R+ oo lomg e §e

()

. P — s et N .
weed_by_cury_pic X flagit

7y
-
Yoy

I delta_pan_msh_pmecent Ssg

wres

ert

How_sne_chrvas_fag

FIG. 18A



WO 2014/031734
21/25

PCT/US2013/055968

3
~
-3
1

>
D

"cer““k ﬁag

-
~~
4
4

1719

1720

1722

1724

1730

i
~
i
[e4]
Fy A A b ——
& o 4 .‘.‘ F
| B 2, 2 e ‘ M :
! % ; 4 l Nl B F
,_” ] - g1 - =
w7 kh: :
- 7 il
. 2 v 7 f. -
A : l;_ ’ i ; I‘ f .
i i i . " ]
Lo | o Es

1732

1802

z\:
H

1738 Sve_uings_ ey noenm_seergs oand

17404

e,

e T T
oo gt Bag ol

3

_everride_snzbled Sz

=

sz 14

1742 ‘i-:x:‘.i?:ris.- - dsblocldng SN

X
3

2 Le&:‘ﬁm_m:;mp Selbdockinz fltes Bag )
2
e

i

rosd

FIG. 198



PCT/US2013/055968

WO 2014/031734

22/25

)

5

e, e, e,

e, 7 Bad .
2 P e A o,

Wi Daey [ o 5

ey, |

st

e

& | 3
. m 5 i wm_
|7 <} Mm ;mw
A 5 |8 4
w | & o wm i
St_ ,mm [ a i
4% .4 b &_
=3 | | 2 [ \ 3
2 N _ L i ﬁg_ Mm S
| g ; 4 4
B | gy &
mm E_ o M t.a_ H
4|8 [% # Kl
A |y .
4
5

FiG. 19C



WO 2014/031734

23/25
ST
ENTER
2002
‘ READ SLICE TYPE DATA }J

2004

SLICE i5 AN INTER-
PREDICTED SLICE?

. SLICE HEADER INCLUDES
NG PARAMETER SIGNALING
A ENABLEMENT OF A STATE OF
WIEIGHTED PREDICTION OF
RELATED IMAGE ?

PERFORM WEIGHTED PREDRICTION //
ACCORDING TO THE PARAMETER

EXIT

FiG, 204

2008
READ FIRST FPARAMETER }—J
|-
2010

PCT/US2013/055968



WO 2014/031734 PCT/US2013/055968
24/25

ENTER

YES

weighted pred snabls_flag =17

2030
2026 IR —
N DO NGT APPLY APPLY DEFAULT
WEIGHTED WEIGHTED TR
PREDICTION TO PREDICTION TO READ predic_weight tabis()
SLICE SLICE
2028 / ‘ »
2032
APPLY WEIGHTED PREDICTIONTO |/
SLICE

Exir

FIG. 208



WO 2014/031734 PCT/US2013/055968
25/25

2102
410 2100
MEMORY
21048 [ 21048 ’/
GENERAL SPECIAL
PURPOSE PURPOSE
PROCESSOR PROCESSOR
2130
— 2108 | /
MEMORY
2108 2110 —
[ 4
o8 COMPUTER 2120
PROGRAM |
21184 2112 2124
ol } 7
[ - | STORAGE |/
GUI
MODULE COMPILER 2128
| privrer |

GUI POINT KEYBRD FIG. 21

DEV.

|

2722J 21?’85’K 2116 \ 2114




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/055968

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N7/26
ADD.

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

B. FIELDS SEARCHED

HO4N

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2011/050641 Al (MEDIATEK SINGAPORE PTE 1,6,9
LTD [SG]; AN JICHENG [CN]; GUO XUN [CN];
HUANG) 5 May 2011 (2011-05-05)
Y paragraph [0002] 2-5,7,8,
paragraphs [0046] - [0049] 10
figures 2, 6
Y PHILIPPE BORDES ET AL: "AHG9: 2-5,7,8,
Simplification of weighted prediction 10

signaling in PPS",

10. JCT-VC MEETING; 101. MPEG MEETING;
11-7-2012 - 20-7-2012; STOCKHOLM; (JOINT
COLLABORATIVE TEAM ON VIDEO CODING OF
ISO/IEC JTC1/SC29/WG11 AND ITU-T SG.16 );
URL:
HTTP://WFTP3.ITU.INT/AV-ARCH/JCTVC-SITE/,,
no. JCTVC-J0503, 12 July 2012 (2012-07-12)

, XP030112865,
pages 1-6

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

See patent family annex.

* Special categories of cited documents :

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

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

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

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

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 November 2013

Date of mailing of the international search report

22/11/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Di Cagno, Gianluca

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/055968
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011050641 Al 05-05-2011 TW 201116066 A 01-05-2011
US 2012230405 Al 13-09-2012
WO 2011050641 Al 05-05-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - wo-search-report
	Page 72 - wo-search-report

