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(57) Abstract: A video decoder reconstructs a frame of a video
from a video bitstream representing the video. The decoder access-
es, from the video bitstream, a binary string representing a slice of
a frame of the video and determines an initial context value of an
entropy coding model for the slice to be one of a first context val-
ue stored for a first CTU in a previous slice of the slice, a second
context value stored for a second CTU in the previous slice, and a
default initial context value independent of the previous slice. The
decoder decodes the slice by decoding at least a portion of the bina-
1y string according to the entropy coding model with the initial con-
text value and reconstructs the frame of the video based, at least in
part, upon the decoded slice. The reconstructed frame can be output
along with other frames of the video for display.
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ADAPTIVE CONTEXT INITIALIZATION FOR ENTROPY CODING IN VIBED
CODING

Cross-Reference to Related Applications

16001 ] This application claims priority to U.S. Provisional Application No. 63/269,090,
cutitled “Entropy Coding Method,” filed on March 9, 2022, U.S. Provisional Application No.
63/363,703, entitled “Entropy Coding Method,” filed on Apnl 27, 2022, US. Provisional
Application No. 63/366,218, entitled “Entropy Codmg Method,” filed on June 10, 2022, US.
Provisional Application No. 63/367.710, entitled “Entropy Coding Method,” filed on July 5,
2022, US. Provisional Application No. 63/368,240, entitied “Entropy Coding Method,” filed
on July 12, 2022, all of which are hereby incorporated 1 their enfircties by this reference.

Technical Field

[6602) This disclosure relates generally to video processing.  Specifically, the present
disclosure involves context mitialization for cutropy coding in video coding.
Backeround
[0003] The ubigqutous camera-enabled devices, such as smartphones, tablets, and
computers, have made it easter than ever to capture videos or images. However, the amount
of data for gven a short video can be substantially large. Video coding technology (including
video encoding and decoding) allows video data to be compressed into smaller sizes thereby
atfowing various videos to be stored and transmitted. Video coding has been used 1n a wide
range of applications, such as digital TV broadcast, video transmission over the Internet and
mobile networks, real-tune applications {¢.g., video chat, video conferencing), DVD and Bhu-
ray discs, and so on. To reduce the storage space for stoning a video and/or the network
bandwidth consuempiion for transmitting a video, it is desired to improve the efficiency of the
video coding scheme.
Summary

3004} Some embodiments involve context initialization for entropy coding in video
coding. In one example, a method for decoding a video from a video bitstream representing the
video includes accessing a binary strng from the video bitstream, the bimary string representing
a shee of a frame of the video; determining an mitial context value of an entropy coding model
for the shice to be one of a first context value stored for a first CTU m a previous slice of the
slice, a sccond context value stored for a second UTU i the previous slice, and a default initial
condext value independent of the previous shice; decoding the shice by decoding at least a

portion of the binary string according to the entropy coding model with the imitial context value;
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reconstructing the frame of the video based, at least in part, upon the decoded shice; and causmg
the reconstructed frame to be displayed along with other frames of the video.

(30051 In another example, a non-transitory computer-readable medium has program code
that 15 stored thereon, and the program code is executable by one or more processing devices
for performing operations. The operations include accessing a binary string from a video
bitstream representing a video, the binary string representing a shice of a frame of the video;
deteraining an nitial context value of an entropy coding model for the slice to be one of a first
context value stored for a first CTU 1 a previous shice of the shice, a second context value
stored for a second CTU in the previcus shice, and a defanlt initial context value mdependont
of the previcus shice; decoding the slice by decoding at least a portion of the binary string
according to the entropy coding model with the nitial context value; recounstructing the frame
ot the video based, at least in part, upon the decoded slice; and causing the reconstructed frame
to be displayed along with other frames of the video.

[3006] In yet another exampie, a system nchides a processing device; and a non-transiiory
computer-readable medium communicatively coupled to the processing device. The processing
device 1s configured to execute program code stored in the non-transitory computer-readable
medium and thereby perform operations. The operations include accessing a binary string from
a video bitstream representing a video, the binary string reprosenting a slice of a frame of the
video; determinuing an mitial comdext value of an entropy coding model for the slice to be one
of a first context value stored for a first CTU 1o a previcus shee of the slice, a second context
value stored for a second CUTU in the previcus shice, and a default nitial context value
independent of the previous shice; decoding the slice by decoding at least a portion of the binary
string according to the entropy coding model with the witial context value; reconstructing the
frame of the video based. at feast in part, upon the decoded slice; and causing the reconstructed
frame to be displayed along with other frames of the video.

{30071 In one example, a method for decoding a video from a video bitstream representing
the video mcludes accessing a binary strmg from the video bitstream, the binary string
representing a partition of the video; determining an imitial context value of an entropy coding
model for the partition by converting a context value stored for a CTU in a previous partition
of the partition based on an initial context value associated with the previous partition, a slice
quantization parameter of the previous partition, and a slice guantization parameter of the
pariition; decoding the partition by decoding at least a portion of the binary string according to

the entropy coding model with the nitial context value; reconstructing frames of the video



WO 2023/173025 PCT/US2023/064052

based, at least in part, upon the decoded partition; and causing the reconstructed frames to be
displayed.

(30081 In another example, a non-transitory computer-readable medium has program code
that 15 stored thereon, and the program code is executable by one or more processing devices
for performing operations. The operations include accessing a binary string from a video
bitstream of a video, the binary siring representing a partition of the video, deternuning an
mitial context value of an endropy coding model for the partition by converting a context value
stored for a CTU m a previous partition of the partition based on an inifial context value
associated with the previous partition, a slice quantization parameter of the previous partition,
and a shce quantization parameter of the partition; decoding the partition by decoding at feast
a portion of the binary string according to the entropy coding model with the initial context
value; reconstructing frames of the video based, at least i part, upon the decoded partition;
and causing the reconstructed frames to be displayed.

66G09) In yet another exampie, a system nchides a processing device; and a non-transiiory
computer-readable medium communicatively coupled to the processing device. The processing
device 1s contigured to execute program code stored in the non-transitory computer-readable
medium and thereby perform operations. The operations include accessing a binary string from
a video bitstream of a video, the binary string representing a partition of the video, determining
an mitial context value of an entropy coding model for the partition by converting a condext
value stored for a CTU i a previous partition of the partition based on an initial context value
associated with the previous partition, a shice quantization parameier of the previous partition,
and a shice gquantization parameter of the partition; decoding the pastition by decoding at least
a portion of the binary string according to the entropy coding model with the intttal context
value: reconstracting frames of the video based, at least 1 part, upon the decoded partition;
and causing the reconstructed frames (o be displaved.

3816 In one example, a method for decoding a video from a video bitstream representing
the video mciudes accessing a binary strmg from the video hitstream, the binary string
representing a partition of a frame of the video; determining an initial context value for an
entropy coding model for the partition by converting 8 context valoe stored in a buffer for a
CTU m a previous frame of the frame based on an minial context value associated with the
previous frame, a guantization parameter of the previous frame, and a slice quantization
parameter of the frame; decoding the partition by decoding at least a portion of the binary string
according to the entropy coding model with the mitial context value; replacing the context

value stored m the buffor with a context value for 2 CTU in the frame determined in decoding



WO 2023/173025 PCT/US2023/064052

the partition; reconstructing the frame of the video based, at least in part, upon the decoded
pariition; and causing the reconstructed frame to be displayed.

THURY In another example, a non-transitory computer-readable medium has program code
that 15 stored thereon, and the program code is executable by one or more processing devices
for performing operations. The operations include accessing a binary string from a video
bitstream of a video, the binary siring representing a partition of a frame of the video;
determining an iatial context value for an entropy coding madel for the partition by converting
a context value stored 1n a buffer for a CTU m a previous frame of the frame based on an initial
context value associated with the previous frame, a slice quantization parameter of the previous
frame, and a slice quantization parameter of the frame; decoding the partition by decoding at
least a portion ofthe binary string according to the entropy coding model with the wutial cordext
value; replacing the context value stored m the buffer with a context value for a CTU in the
frame determined in decoding the partition; reconstructing the frame of the video based, at least
in part, upon the decoded partition; and causing the reconstructed frame to be displayed.
6612} In vet another exampie, a system includes a processing device; and a non-transitory
computer-readable medium communicatively coupled to the processmg device, The processmg
device 1s configured to execute program code stored in the non-transitory computer-readable
medium and thereby perform operations. The operations accessing a binary string from a video
bitstream of a video, the binarv string representing a partition of a frame of the video;
determining an mitial context value for an entropy coding model for the partition by converting
a context value stored in a buffer for a CTU in a previous frame of the frame based on an imtial
context value associated with the previous frame, a slice quantization parameter of the previous
frame, and a quantization paramcter of the frame; decoding the pariition by decoding at least a
portion of the binary string according to the entropy coding model with the initial context value;
replacing the context value stored in the buffer with a context value for a CTU in the frame
determined in decoding the partition; reconstructing the frame of the video based, at least in
part, upon the decoded partition; and causing the reconstructed frame to be displayed.

3613 These illastrative embodiments are mentioned not to limit or define the disclosurg,
but to provide examples to aid anderstanding thereof. Additional embodiments arve discussed

0 the Detailed Description, and finther deseription is provided there,
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Brief Description of the Drawines

{0814} Features, embodiments, and advantages of the present disclosure are better
understood when the followmg Petalled Description is read with reference to the
accompanving drawings.

j3315] FIG 1 is a block diagram showing an example of a video encoder configured to
implement cmbodiments presented herein.

6016] FIG. 2 is a block diagram showing an example of a video decader contigured to
mplement embodiments presented herein.

{0817} FIG. 3 depicts an example of a coding tree unit division of a picture in a video,
according to some embodiments of the present disclosuare.

THUEY FIG. 4 depicts an example of context mitialization from the previous frame (CIPF),
according to some embodiments of the present disclosure.

3013 FIG. 5 depicts another example of context inttialization from a previous frame
(CIPE)}, according to some embodiments of the present disclosure.

6028] FIG. 6 depicts an example of a group of pictures structure for random access with
the associated temporal laver mdices, according to some embodiments of the present
disclosare.

6021} FIG. 7 depicts an example of a process for decoding a video encoded via entropy
coding with adaptive context initialization, according to some embodiments of the present
disclosure.

3622} FIG. 8 shows an example of the motion compensation and entropy coding context
mitialization dependencies of a picture coding structure for random access common test
condition appiicd with the context initialization using the previous frame.

6823} FIG. 9 shows an example of the context initialization inhentance from the previous
frame 1 the coding order regardless of temporal layer and gquantization parameter for the
example picture coding structure shown m FIG. 8, according to some emboduments of the
present disclosure.

3624} FIG. 10 shows an example of the context imtialization inhentance from the previous
frame in a lower temporal layer for the example picture coding structure shown in FIG. &,
according to some embodiments of the present disclosure.

6025] FIG. 11 depicts an example of values mvolved 1n the context inttialization table

conversion, according to some embodiments of the present disclosure.
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6026] FIG. 12 depicts an example of a process for decoding a video encoded with the
picture coding structure of random access via entropy coding with adaptive context
tnitialization, according to some embodiments of the present disclosure.

6627] FIG. 13 depicts an example of applying the context mitialization using the previous
frame (CIPF) to the low delay common test condition, according o some embodiments of the
present disclosure.

G628} FIG. 14 shows the behaviour of the CIPF buffers for the example shown in FIG. 8.
{6629} FIG. 15 shows another example of the random access (RA) test condition.

[0638] FIG. 16 shows the behaviour of the CIPF buffers for the example shown in FIGL 15,
6031} FIG. 17 shows an cxample of the behaviowr of the proposed CIPF buffer
configuration for the RA tost condition shown in FIG. 15, according to some embodiments of
the present disclosure.

3632} FiG. 18 depicts an example of a process for decoding a video encoded with the
CIPF with adaptive context titialization and presented buffer management, according to some
embodiments of the present disclosure.

6633} FIG. 19 depicts an example of a computing system that can be used to implement
some embodiments of the present disclosure.

Detailed Description

0034 Various crbodiments provide context initialization for entropy coding n video
coding.  As discussed above, more and more video data arc being gengrated, stored, and
transmitted. It is beneficial to merease the efficiency of the video coding technology. One way
to do so is through entropy coding where an entropy encoding algorithm 1s applied to guantized
samples of the video to reduce the size of data representing the video samples. In the context-
based binary arithmetic entropy coding, the coding engine estimates a context probability
mdicating the likelihood of the next binary symbol having the value one. Such estimation
requires an mitial countext probability cstimate. Oue way to determine the inttial context
probability cstimate is to use the context value for a CTU located in the center of the previcus
shice. However, such an imtialization may not be accurate because it 15 likely that the previous
shice does not have encugh bits encoded i the context-based coding mode, and the context
value of the CTU located in the center of the previous slice does not accurately reflect the
context of the shice.

[6035] Various embodiments described herein address these problems by enabling
adaptive context mitiabization. The adaptive context minialization allows the initial context

value of an entropy coding model tor a current slice to be chosen from multiple options based

6
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on the setting or configuration of the frame or the shice. For example, the initial context value
can be set to the context value of a last CTU in the previous shice or frame, the context value
of a CTU located 10 the cenier of the previous slice or frame, or a default initial context value
independent of the previous shice or frame.

3636} In one embodiment, a syntax element can be used to indicate the UTU loeation for
obtaining the mitial context value from the previous slice or frame. ¥ the syntax clement has
a first value {c.g., 1}, the mitial context value can be set to the context value stored for the
center CTU of the previous slice or frame; if the syntax element has a second value {e.g., 0),
the 1nitial context value can be set to the context value stored for the last CTU of the previous
slice or frame. Another syntax element can be used to indicate whether to use the context value
from the previous slice or frame for mitialization or use the default mitial context value. in
some examples, both syntax elements can be transmutted in the picture header of the frame
containing the slice or the shice header of the slice.

[6637] In a further embodiment, a syntax clement indicating the threshold value for
deterayining a CTU location for obtaining the wutial context value from the previous shice or
frame can be used. The quantization parameter (QP) value of the previous shice or frame can
be compared with the threshold vahie. If the QP value 15 no higher than the threshold valee,
the nmial context value can be set to be the context value of the center CTU of the previous
slice or frame; and otherwise, the mitial context value can be sct to be the context value of the
last CTU ot the previous shice or frame.

j3338] In ancther embodiment, the mitialization can be made based on the temporal layer
mdices associated with the frames n a group of pictures (GOP) structure for random access
(RA). For example, two syntax clements can be used: a first syniax clement indicating a first
threshold vahue for determining whether to use the initial context valoe from the previons shice
or frame and a second syntax element indicating a second threshold value for determining 3
CTU location for obtaining the ntial context value from the previous slice or frame.  The
second threshold value is set to be no higher than the first threshold value. 1fthe temporal layer
mdex of the current slice is higher than the first threshold value, the mitial context value for
the slice is set to be the default mitial context value.  If the temporal layer index is no higher
than the first threshold value, the temporal layer index of the slice is compared with the second
threshold value. I the teruporal laver index is no hugher than the second threshold value, the
matial context value 18 deternmined to be the context value of the center CTU of the previous
slice or frame; otherwise, the initial context value is set to be the context valae of the last CTU

of the previous slice or frame.
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6639} When the CIPF 13 apphied to the picture coding structure of random access, the
mitialization inheritance from previous slice or frame having the same slice quantization
parameicr may introduce additional dependencies between frames, which would himut parallel
processing capability for both encoding and decoding. To solve this problem, the context
mitiiization inherifance can be modified to elinunate these additional dependencies. For
example, the context mitdization for a current frame can be determined to be the context value
of the previous frame in the coding order regardiess of temporal laver and the slice quantizatoin
parameter. In another example, the imtial context value can be determuned to be the context
value of the previous frame in a lower temporal layer. In a further example, the initial context
valae can be determined to be the context value of the reference framefs) of the current frame
according to the motion compensation and prediction structure.

3401 In addition, because the shice guantization parameters of the current picture and the
pictore to be iherited may be different, the inherited mnitial context value can be converted
based on the provious shice quantization parameter and the current slice quantization
parameter. In one example, the conversion is performed based on the default mitial context
value determined using the quantization parameter of the previous slice or frame and the default
matial context value determuned using the gquantization parameter of the current slice or frame.
In another example, the conversion s performed based on the mitial context valuc of the
previous slice or frame which may be deternmined using the same mcethod descrbed hercin
based on its previous slice or frame.

0411 To use the context value from the previous frame or slice for CIPF purposes, a
buffer 1s used to store the context value. The current CIPF uses S buffers to store context value
and ecach buffer 15 used to store the context data for frames with a corresponding temporal layer
mdex. However, frames with the same temporal layer mdex may have different slice
quantizatoin parameters. Thas, cach time a new combination of temporal laver index and slice
quantization parameter is observed, the context value for the frame with the new combmation
ts pushed into the buffer and old data in the buffer s discarded. As a result, the context value
for previous frames, especially frames with fow tormporal layer indices, may be discarded,
preventing the CIPF to be applied to the frames for which the coding gain can be obtained the
most by applying the CIPF. This leads to a reduction in the coding efficiency.

(6342} To solve this problem, the CIPF buffers can be managed to keep a context value
from gach temporal layer in the buffers. As a result, the CIPF process can be applied to each
cligible frame by using the context value stored in the buffer that has the same temporal layer

index. After coding the current frame, the new context value will replace the existing context
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value in the buffer that has been used as the 1mitial context value and has the same temporal
layer index as the current frame. I the slice guantization parameters of the current frame and
the previous frame are different, the stored context value can be converted based on the two
shice quantization parameiers before being used for the entropy coding model. Alternatively,
the number of buffers can be increased to allow the context values for different slice
quantization parameters at different temporal layers to be stored and used for frames with the
corresponding temporal laver index and slice quantization parameter,

6043] As described herein, some embodiments provide improvements i video coding
cfficiency by allowing adaptively sclecting the context value initialization for the entropy
coding model. Because the mitial context value can be selected from the conter CTU or the
last CTU of the previous slice based on the configuration of the current slice or frame and/or
the previous slice or frame, such as the shice QP and the temporal layer index, the iutial context
value can be selected more accurately. As aresult, the entropy coding model 1s more accurate,
lcading to a higher coding efficiency.

[0044] Further, by aliowing the tutial context to be inherited from a slice or a frame having
a different shice quantization parameter than the current shce quantization parameter, the
additional dependencies among pictures introduced by the context mutialization inheritance in
the picture coding structure of random access can be ehiminated thereby improving the parallel
processing capability of the encoder and decoder. The inherited mitial context value can be
converted based on the quantization parameter of the previous slice or frame and the
quantization paramcter of the current shice.  The conversion reduces or climinatgs the
maccuracy in the initial context value estimation that is introduced by the differcnce between
the slice quantization parameters of the current slice or frame and the previous slice or frame.
As aresult, the overall coding efficiency 18 improved.

[B045] The coding efficiency of the video 15 further improved by improving the buffer
management to keep a context value for ecach teraporal layer m the buffer.  Further, by
converting the context value based on the slice quantization parameters of the previous frame
and the current frame, the same buffer can be used to score the context value for frames in a
temporal layer with different slice quantization parameters. As a result, the total number of
buffers remain unchanged and the CHPF can be performed for cach qualifving frame. Compared
with the existing buffer management where the data 1o the buffer mmay be lost rendering the
CIPY unavailable for some frames, the proposed buffer management allows the CIPF (o be

applied to more frames to achieve a higher coding efficiency.



WO 2023/173025 PCT/US2023/064052

0646} Referring now to the drawings, FIG. s a block diagram showing an example of a
video encoder 100 configured to naplement embodiments presented herein. In the example
shown in FIG. 1, the video encoder 100 mcludes a partition module 112, a transform module
114, a guantization module 115, an mverse guantization module 118, an mverse transform
module 119, an in-loop filter module 120, an intra prediction module 126, an mter prediction
module 124, a motion gstimation module 122, a decoded picture buffer 130, and an entropy
coding maodule 116,

[6047] The mput to the video encoder 100 1s an input video 102 containing a scquence of
pictures {also refoerred (o as frames or images). In a block-based video encoder, for cach of the
pictures, the video encoder 100 cmploys a partition module 112 to partition the picture nto
blacks 104, and each block contains multiple pixels. The blocks may be macroblocks, coding
tree units, coding unifs, prediction wnits, and/or prediction blocks., One picture may include
blocks of different sizes and the block partitions of different pictures of the video may also
differ. Each block may be encoded using different predictions, such as inira prediction or inter
prediction or infra and inter hvbnd prediction.

0648} Usually, the first picture of a video signal is an intra~coded picture, which 1s encoded
using only intra prediction. In the ntra prediction mode, a block of a picture is predicted using
only data that has been encoded from the same picture. A picture that 15 infra-coded can be
decoded without information from other pictures. To perform the intra-prediction, the video
encoder 100 shown in FIG. 1 can employ the intra prediction module 126. The intra prediction
module 126 15 configured to use reconstructed samples m reconstrucied blocks 136 of
neighboring blocks of the same picture to generate an intra-prediction block (the prediction
block 134). The intra prediction is performed accowding to an intra-prediction mode selected
for the block. The video encoder 100 then calculates the difference between block 104 and the
mitra-prediction block 134, This difference is referred to as residual block 106,

(30491 To further remove the redundancy from the block, the residual block 106 s
transfoomed by the transform module 114 into a transform domaie by applving a transtorm on
the samples in the block. Examples of the transform may include, but are not hmited to, a
discrete cosine transform {(BCT) or discrete sine transform (BST). The transformed values
may be referred fo as transform coefficients representing the residual block i the transform
domam. In some cxamples, the residual block may be quantized directly without being
transformed by the ransform module 114, This 1s referred to as a transform skip mode.
[0058] The video encoder 100 can further use the quantization modale 115 to quantize the

transfoom coctficients to obtain quantized coefficients.  Quantization includes dividing a
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sample by a quantization step size followed by subsequent rounding, whereas inverse
gquantization mvolves muitiplying the quantized value by the guantization step size. Such a
quantization process is referred to as scalar guantization. Quantization s used to reduce the
dvnamic range of video samples (fransformed or non-transtormed) so that fewer bits are use
to represent the video samples.

[6051] The gquantization of coefficients/samples within a block ¢an be done independently
and this kind of quantization method 15 used in some existing video compression standards,
such as H.264, HEVC, and VVC. For an N-by-M block, some scan order may be used to
convert the 2D coefficients of a block into a 1-D array for coefficient quantization and coding.
Cuantization of a coofficient within a block may make use of the scan order information. For
example, the quantization of a given cocfficient in the block may depend on the status of the
previous guantized value along the scan order. In order to further improve the coding
efficiency, more than one quantizer may be used. Which quantizer is used for quantizing a
current coctficicnt depends on the information preceding the current coefficient in the
encoding/decoding scan order. Such a guantization approach is referred 1o as dependent
quantization.

{0852} The degree of quantization may be adjusted using the gquantizaiion step sizes. For
instance, for scalar quantization, different quantization stop sizes may be apphied to achieve
finer or coarser guantization. Smaller quantization step sizes correspond fo finer quantization,
whereas larger quantization step sizes correspond 1o coarser quantization. The quantization step
size can be indicated by a gquantization parameter (QP). Quantization parameters are provided
in an encoded bitstream of the video such that the video decoder can access and apply the
quantization parameters for decoding.

[0853] The quantized samples are then coded by the entropy coding module 116 to fusther
reduce the size of the video signal. The eniropy encoding modide 116 1s configured to apply
an entropy encoding algouthm to the guantized samples. In some examples, the quantized
samples are binarized into binary bins and coding algorithms further compress the binary bins
into bits. Examples of the bmarization methods include, but are not limited to, a combined
truncated Rice (TR) and limited k-th order Exp-Golomb (EGk) bmarization, and k-th order
Exp-Golomb binarization. Examples of the entropy encoding algorithm include, but are not
timited to, a varable length coding (VL) scheme, a context adaptive VL scheme (CAVLO),
an arthmetic coding scheme, 8 binarization, a context adaptive binary arithmetic coding

{CABAC), syntax-based context-adaptive binary anthmetic coding (SBAC), probability
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mierval partitioning entropy (PIPE) coding, or other entropy encoding techniques. The
entropy-coded data is added to the bitstream of the ouatput encoded video 132,

(30541 As discussed above, reconstructed blocks 136 from neighboring blocks are used in
the mtra~prediction of blocks of a picture. Generating the reconstructed block 136 of a block
mvolves caleulating the reconstructed residuals of this block. The reconstructed residual can
be determined by applying inverse quantization and inverse transform to the quantized residual
of the block., The wmverse quantization module 118 is configured to apply the inverse
guantization to the gquantized samples to obtamm de-quantized coefficients. The nverse
gquantization module 118 applies the mnverse of the guantization scheme apphied by the
quantization moduale 1135 by using the same quantization step size as the quantization module
115, The mverse transform module 119 is configured to apply the inverse transform of the
transform applied by the transform module 114 to the de-guantized samples, such as inverse
DCT or mverse DST. The output of the tnverse transform module 119 is the reconstructed
residhuals for the block in the pixel domain. The reconstructed residuals can be added o the
prediction block 134 of the block to obtain a reconstructed block 136 in the pixel domain. For
blocks where the transform is skipped, the mverse transform modile 119 18 not applied to those
blocks. The de-quantized samples are the reconstructed residuals for the blocks.

[G055] Blocks in subsequent pictures following the first intra-predicted picture can be
coded using etther inter prediction or intra prediction. In uder-prediction, the prediction of a
block m a picture is from one or morg previously encoded video pictures. To perform mter
prediction, the video encoder 100 uses an inter prediction module 124, The miter prodiction
module 124 s configured o perform motion compensation for a block based on the motion
estiraation provided by the motion estimation module 122

0056} The motion estimation module 122 compares a current block 104 of the current
picture with decoded reference pictures 108 for motion estimation. The decoded reference
pictures 108 are stored 10 a decoded picture buffer 130, The motion estimation module 122
sclects a reference block from the decoded reference pictures 108 that best matches the current
block. The motion estimation module 122 further identifics an offset between the position
(e.g., x, v coordinates) of the reference block and the position of the carrent block. This offset
ig referred to as the motion vector {(MV) and 1s provided to the inter prediction module 124
along with the selected reference block. In some cases. multiple reference blocks are identified
for the cwrrent block m muudtiple decoded reference pictures 108, Therefore, multiple motion
vectors are generated and provided to the inter prediction module 124 along with the

corresponding reference blocks.
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66387} The inter prediction module 124 uses the motion vecior(s) along with other inter-
prediction parameters to perform motion compensation {o generate a prediction of the current
black, i.¢., the inter prediction block 134, For example, based on the motion vector(s), the inter
prediction module 124 can locate the prediction block(s) pointed to by the motion vector(s)
the corresponding reference picturc(s). If there is more than one prediction block, these
prediction blocks are combmed with some weights to generate a prodiction block 134 for the
current block.

[6038] For mter-predicted blocks, the video encoder 100 can subtract the inter-prediction
block 134 from block 104 to generate the residual block 106, The residual block 106 can be
transformed, quantized, and cotropy coded in the same way as the residuals of an infra-
predicted block discussed above. Likewise, the reconstructed block 136 of an inter-prodicted
block can be obtamned through mverse quantizing, inverse transforming the residual, and
subsequently combining with the corresponding prediction block 134,

[6G59] To obtain the decoded picture 108 used for motion estimation, the reconstructed
block 136 1s processed by an m-loop filter module 120, The m-loop filter module 120 is
configured to smooth out pixel transitions thereby improving the video quality. The m-loop
filter module 120 may be configured o implement one or more in-loop filters, such as a de-
blocking filter, 3 sample-adaptive offset (SAQ) filter, an adaptive loop filter (ALF), etc.
{3066 FIG. 2 depicts an example of a video decoder 200 configured to mmplement the
embodiments presented herein. The video decoder 200 processes an encoded video 202 ina
bitstream and generates decoded pictures 208, In the example shown i FIG. 2, the video
decoder 200 mcludes an entropy decoding module 216, an inverse quantization module 218,
an inverse transform module 219, anin-loop filter module 220, an intra prediction module 226,
an inter prediction module 224, and a decoded pictare buffer 230,

0061} The entropy decoding module 216 1s configured to perform entropy decoding of the
encoded video 202, The entropy decoding module 216 decodes the quantized cocfhicicuts,
coding parameters mchiding intra prediction paramciers and inter prediction parameters, and
other information. In some examples, the entropy decoding module 216 decodes the bitstream
of the encoded video 202 to binary represeniations and then converts the binary representations
to quantization levels of the cocfficients. The entropy-decoded coefficient levels are then
verse quantized by the inverse quantization module 218 and subscquently inverse
transformed by the inverse transform module 219 to the pixel domain. The inverse quantization
modele 218 and the inverse transform module 219 function similarly to the inverse guantization

module 118 and the nverse transform module 119, respectively, as descnbed above with
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respect to FIG. 1. The mverse-transformed residual block can be added to the correspondmg
prediction block 234 to generate a reconstructed block 236, For blocks where the transform is
skipped, the inverse transform module 219 is not applied to those blocks. The de-quantized
samples generated by the mverse gquantization module 118 are used to gencrate the
reconstructed block 236.

[6062] The prediction block 234 of a particular block is generated based on the prediction
mode of the block. I the coding parameters of the block ndicate that the block is wmira
predicted, the reconstructed block 236 of a reference block in the same picture can be ted mto
the intra prediction module 226 to generate the prediction block 234 forthe block. H'the coding
parameters of the block ndicate that the block is inter-predicted, the prediction block 234 i
generated by the inter prediction module 224, The indra prediction module 226 and the nter
prediction module 224 function similarly to the intra prediction module 126 and the inter
prediction module 124 of FIG. 1, respectively.

[6063] As discussed above with respect to FIG. 1, the inter prediction involves one or more
reference pictures. The video decoder 200 generates the decoded picturcs 208 for the refercnce
pictures by applyving the in-loop filter module 220 1o the reconstructed blocks of the reference
pictures. The decoded pictures 208 are stored in the decoded picture buffer 230 for use by the
inter prediction module 224 and also for output.

[3064] Referring now to FiG. 3, FIG. 3 depicts an example of a coding tree unit division
of a picture 1n a video, according to some embodiments of the present disclosure. Ag discussed
above with respect to FIGS. 1 and 2, to encode a picture of a video, the picture 1s divided wito
blocks, such as the CTUs (Coding Tree Units) 302 i VVC, as shown in FIG. 3. For example,
the CTUs 302 can be blocks of 128x128 pixels. The CTUs are processed according to an order,
such as the order shown in FIG. 3.

{0065} Lntropy Coding

[3866] In video coding standard such as VV(, context-based binary anthmetic coding
(CABAC) is emploved as entropy coding method. In binary arithmetic coding, the coding
engine consists of two elements: probability estimation and codeword mapping. The purpose
of probability estimation 1s to detemnine the hkelihood of the next binary symbol having the
value 1. This estimation is based on the history of symbol values coded using the same context
and typically uses an exponential decay window. Given a sequence of binary svmbols x{¢),
with & € {1,... . N}, the estimated probability p(¢ + 1) of x(¢ + 1) being equal to | is given

by

14



WO 2023/173025 PCT/US2023/064052

p(t+ 1) =p{)+ Toax 1~y (x(t) ~ p(1}) (1
where p{1} 1g an inttial probability estimate and « is a base determining the rate of
adaptation. Altematively, this can be expressed in a recursive manner as

pl+D=p@ =0 —a)y+x{t)ra {2}

For cach shice, the imhial estimate p{1) 1s derived for each context using a hinear function of
the quantization parameter {QF).

{0867} Note that some blocks 10 a slice may be coded i a skip-mode without using
CABAC, for exarople, 1o reduce the number of bits used for the shice. The blocks coded using
the skip-mode do not contribute to the building of the context.

30681 For each context vartable, two variables pStateldx0 and pStateldx] are initialized
as follows. From a 6 bit table entry initValue, two 3 it variables slopeldx and offsetidx are

derived as;

slopeldx = mitValue >> 3

offsetlds =mitValue & 7 (33

Variables m and n, used in the tutialization of context varables, arc derived from slopeldx and
offsetidx as:

m = slopeldx — 4
n=(offsetidx ¥ 18)+1 {4

The two values assigned o pStateldx{} and pStateldx1 for the mitialization are denived from
SliceQpv as specified in the VVC standard. Given the variables m and p, the mitialization is
specified as follows:
preCixState = Chp3( 1, 127, ( {m * { Chp3( (, 63, SheeQpy y— 163 ) »>» 1)+ 10}
&)
The two values assigned to pStateldx0 and pStateldx] for the initialization are denved as

follows:

pStateldsO=preCixState<<3
pStateldx ] =preCixState<<7
{6}
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mitValue can be obtained with pre-defined Tables. initType, whnch s determined by the shice

and the syotax clement sh_cabac it flag, as extracted as follows, 15 the entry of the Tables.

tf sh_shce type == 1)

witType = 0
clse 1f{ sh_slice type == P}

initType == sh cabac mif flag 72 . 1 (7
clse

mitType = sh cabac imit flag71:2

Syntax elements related to sh_cabac it flag are shown in Table §, Table 2 and Table 4,
respectively. In PPS, syotax element pps_cabac init_present flag is transmitted as shown n

Table 1.

pps_cabac_init_present flag cqual 1o | specifics that sh _cabac it flag i1s present in slice
headers refernng to the PPS. pps cabac wnit present flag equal to O specifies that
sh_cabac init flag is not present in shice headers referring to the PPS.

Table 1: pps_cabac _tit_present flag in PPS (VVC specification):

pic_parameter_set_thsp(} { Descriptor

pps_cabac_init_present_flag u(l)

In picture _header structure(), svatax element ph inter shee allowed flag 1s transmitted as

shown in Table 2.

ph_inter slice allowed flag equal to O specifies that all coded shices of the pictire have
sh_shice type equal to 2. ph_inter_shice allowed flag equal to | specifics that there might or
might not be one or more coded slices n the picture that have sh_slice tyvpe equalto G or 1.

Table 2: ph_inter shice allowed flag in picture_header structure(} (VVC specification)
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picture_header structure( ) { Bescriptor

ph_inter_slice_allowed_flag w1}

I slice_header(), syntax clements sh_slice type and sh_cabac init flag are transmitted as

shown in Table 4.

sh_slice_type specifies the coding type of the slice according to 3.

Table 3: sh_slice type in slice_heaeder(} (VVC Specification)

sh_slice type | Name of sh_slice_tvpe
B (B shice}

P (P slice)

I (I slice)

s

Do | mmmi

sh_cabac_init_flag specifics the method for determining the mitialization table used in the
mitialization process for context variables. When sh cabac tmt flag is not present, it is
inferred to be equal 1o 0.

Table 4: sh_shice type and sh_cabac init flag in slice_header(y (VVC specification}

slice header{ } { Deseriptor

tf{ ph_imtor shice allowed flag }
sh_slice type ue(v)

if{ sh_shice type 1= 1)
i pps_cabac it present flag )
sh_cabac_init flag u(l)

(G069 In some examples, previously coded slices or frames can be utilized for CABAC
wmitialization. FIG. 4 depicts an example of the CABAC context mnitialization from the previous

frame (CIPF). As shown in FIG. 4, if the current shice type is a B or P, the probability state
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(i.c., the confext value} of cach context model 15 first obtamned afier coding CTUs up 10 a
specified location and stored. Then, the stored probabiiity state will be used as the initial
probability state for the corresponding context model tn the vext B- or P-slice coded with the
same quantization parameter {QP) and the same temporal 1D (Tid). The CTU location for

storing probability states 1s computed using the foliowing formula:

CTU location = min {(W+ Oy2 + 1, () (&)

where W denotes the number of CTUs 1n a CTU row, and C 15 the total number of CTUsin a
shice.

G076 A syntax clement sps_cipf cnabled flag in the sequence parameter set {5PS) can
be used as shown mn Table 5 to indicate whether the context initialization from previous frame
is enabled or not. If the value of sps_cipf_enabled flag 1s equal to 1, the context imtialization
from previous frame described above 18 used for each slice associated with the §PS. If the
value of sps_cipf cnabled flag is equal to 0, the CABAC context mutialization process same
as that specified in VVC 15 applied for cach slice associated with the SPS.

Table 5: sps_cipf enabled flag syntax m 8PS

scq parameter set tbspl ) § Bescriptor

sps_cipf enabled flag u(l)

{6671} In the VYV specification, the quantization parameter QF for a shice s denved as
follows. The syniax clements pps no pic partition flag.  pps ing gp mimus2é  and
pps_gqp deita imfo in_ph flag are transmitted in the picture parameter set {PPS) as shown 1o

Table 6.

Table 6: pps_no_pic_partition_flag, pps_init_gp minus?6 and ppe_gp_delta_info_in_ph flag
syatax i PPS (VY Specification)

pic parameter set rbsp{ } { Bescriptor
p ;;is____n o_pic_partition_{lag o(l)
g)(,v;;:)s___init___qp___minusZé se{v}
1f( ‘pps no pic partition flag y ¢
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pps_qp delta info in ph flag u{l)

u{l)

v

;

The syntax element ph_gp delia 1s transmitied in picture_header structure, as shown in
Table 7.

ph_gp delta specifies the mitial value of QpY io be used for the coding blocks 1n the picture
until modified by the wvalue of CuQOpDeltaVal i the coding uoit layer. When
pps_gp_delta mfo_in_ph flagisequalto 1, the mtial value of the QpY guantization parameter

for all slices of the picture, SliceQpY, 1s derved as follows:

ShiceQpY = 26 + pps_mit_gp nunus26 +ph_gp delia (9}

Table 7: ph_gp delta syntax in picture header structure(y (VV{ specification}

picture header structure( § ¢ Bescriptor

H{ pps gp delta info in ph flag )

ph_gp delta se(v}

;

The syntax sh gp delta 1s transmitted in shce header structure, as shown in Table 8.
sh gp delta specifies the witial value of QpY to be used for the coding blocks in the shice until
modified by the value of CuQpbeltaVal in the coding uwmit layer When
pps_gqp deita mfo jn_ph flagisequalio 0, the mitial value of the QpY quantization parameter
for the shice, SliceQpY, 15 denived as follows:

SliceQpY = 26 + pps_init_gp minus26 +sh gp delta (103

Table 8: sh gp delta syntax in shice_header structure(} (VVC specification)
slice_header{ } { Beseriptor

sh_gp delta se{v}
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{6672} Inthe YV specification, the number of temporal layers (sublavers) are defined n
video parameter set {VPS) and in sequence parameter set {§PS), as shown in Table 9 and in

Table 10.

vps_max_sublavers minusl pius | specifies the maximum sumber of temporal sublavers
that may be present in a layer specified by the VPS. The value of vps max _sublayvers minusi
shali be 1o the range of G 1o 6, inchusive.

Table 9: Definttion of The Number of Temporal Layers in VPS (VVC Specification)

video parameter set rhsp( ) { Bescriptor
vps_max sublayers minusi a3}

3

§

sps_max_sublayers_minusi plus 1 specifies the maximum number of temporal sublavers
that could be present in cach CLVS {coded layer video sequence) referring to the SPS.
If sps video parameter set id is greater than {8, the value of sps_max_sublayers minusl
shall be 1 the range of 6 to vps_max_sublayers minus!, mclusive.
Otherwise (sps_video parameter set id is equal to 0), the following applies:
—  The value of sps_max_sublayers_minus| shall be in the range of 6 to 6, inclusive.
The value of vps_max _sublavers minusi is inferred to be equal to
sps_max sublavers minust.
—  The value of NumSubLaversInLayverlnQOLS] 0 ] 0 11s nferred to be equal to
sps_max_sublavers munusi + 1
The value of vps_ols ptl idxf 0 ] is inferred to be equal 1o 0, and the value of
vps ptl max tdf vps ols ptl idxf 01 1o, vps ptf max tid| § |, 15 inferred to be equal
to sps_max_sublayers minasl.

Table 10: Definttion of The Number of Temporal Lavers in VPS (VVC Specification)

seq parameter set rhap( ) { Bescriptor

sps_max_sublayers minusi u(3}

Mot

3673 Generally, transform coefficients consume most of the bits within video bitstreams.
If a number of bits are spent for the shice, the context table or context value is more tatlored as

encading proceeds from one CTU {o another. On the other hand, the texture may differ from
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the first CTU to the last CTU. In this case, a good trade-off can be achieved by using the
context value of a UTU 1o the centre of the slice to nitialize the context for the next slice as
shown 1n FIG. 4. However, if fower bits are spent for the shice, more blocks are coded as skip
mode. In thus case, the context table cannot be tarlored for the texture because there are not
enough context-coded blocks m the slice. In this case, the context value of a CTU near the end
of the slice along the encoding order (¢.g.. the order shown in Fi{5. 3} can be used to initialize
the context for the next shice.  For example, the last CTU of the shice can be used 1o mitalize
the context for the next shice as shown i FIG. 5. That s, mstead of the Egn. (8), the CTU
location for storing probability states is computed using the following formula:

CTU location = O, {1

where C is the total mumber of CTUs in a shice.

{0874} The CTU location used for mitializing the context for the next shice can be
adaptivelv switched between the Eqes. (8) and (11). I onc embodiment, if the value of
sps_cipf flag= 1, additional svntax sps_cipf_center_flag can be transmitted, as shown in Table

11 below.

Table 11 Proposed Svntax of sps_cipf center flag

seq parameter set rhap( ) { Bescriptor
sps_cipf enabled flag u(l)

if{ sps cipf enabled flag )

sps_cipf center flag (i)

sps_cipf enabled flag equal to 1 speafies that for gach shice the CTU location for storing
probability states 1s specified by sps cipf center flag.  sps cipf enabled flag equal to O

specifies that the probability states for each shice are reset to the default mitial values.
sps_cipf _cemter flag specifies the CTU location for storing probability  states.
sps_cipf center flag equal to 1 specified that for each slice the CTU location for storing
probability staics 1s computed using the following formula:

CTU location =mun (W + O) 2+ 1, )

sps_cipf center flag equal to O specified that for cach slice the UTU location for storing
probability states 1s computed using the following fornmula:

CTU location = C
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where W denote the number of CTUs i a CTU sow, and € 15 the total number of CTUs ina
shice. Ifsps_cipf center tlag is not present, the value of sps_cipf center flag is mferred to be
cqual to 0.
{0875} Ifthe bitrate of the bitstream s higher, or the QP for each slice 1s lower, more blocks
are coded with the context-based mode {i.¢., non-skip mode} and sps_cipf center flag = 1
provides better coding cfficiency. Ou the contrary, if the bitrate of the bitstream is lower, or
the 3P for each slice is higher, fower blocks are coded with context-based mode or non-skip
mode and sps_cipf center flag = 0 provides betier coding efficiency.  As such, in a second
embodiment, a pre-deternuined threshold can be transoutied inthe SPS and used to be compared
with the slice QF value to determine whether to use the conter CTU or the last CTU of the slice
for context mitialization for the next shice.
[6076] For example, a pre-determined threshold cipf QF threshold can be transmitted
the SPS as shown in Table 12, and the QP of the previous slice, sliceQP, can be compared with
the value of cipf QP _threshold to determine the location CTU location of the CTU that 1s used
to mitialize the context of the slice as follows:

if sliceQPF <= cipf QP threshold

CTU location = min (W + C)2 + L O)
clse

CTU location = C

Table 12: Proposed Syntax of cipf QP threshold
scq parameter set tbspl ) § Descriptor

sps_cipf enabled flag u(l)

if{ sps_cipf enabled flag )
sps_cipt (P threshold ue{v)

sps_cipf enabled flag cqual to 1 specifies that for each shee the CTU location for storing
probability states is specified by sps_cipf QP threshold. sps_cipf enabled flag equal to O
specifics that the probability states for cach shice are reset to the default inttial values.

sps_cipf QP threshold specifies the (3P threshold used to control how to decide the CTU
location for entropy mutiahization if sps_cipf enabled flag 1s equal to 1. If the slice QP

specified in the slice header 18 not bigger than this threshold,

CTU location=mmn (W + V2 + 1, O}

jpip)
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(therwise,
CTU location =

where W denotes the number of CTUs in a CTU row, and C 18 the total number of CTUs mn a
shice.

38774 In another embodiment, the context inmialization for the Random Access (RA) is
considered. As part of the RA CTC, the Group of Pictures {GOP) structure for RA as shown
in FIG. 615 defined. In this GOP structure, pictures are divided into different temporal layers,
such as the layver 0 1o layer 5 in FIG. 6. In this example, an {-frame and 2 B-frame 15 in the
temporal layer 0; temporal layer 1 has one B-frame; temporal layer 2 bas two B~frames; and so
on. A lower QP is applied to the pictures of lower temporal layer, and a higher QP is applied
to the pictures of higher temporal laver. Coding efficiency improvement can be realized if more
bits are spent for pictures of lower temporal laver. As such, in pictures of higher temporal
lavers, more blocks are coded 1 the skip-mode and i this case, image quality of the reference
frames 1s more important for coding efficiency.

[6G78] In this case, a pre-deternined sps_cipf temporal layer threshold can be used to
realize coding cfficiency 1mprovement. For ecxample, the svntax clomenis
apf enabled temporal layver threshold and cipf center temporal layer threshold can be
transmitted i SPS as shown tn Table 13 with cipf center temporal laver threshold being no

larger than cipf ¢nabled temporal layer threshold.

Table 13: Proposed Svatax of cipf_temporal laver threshold

seq_parameter_set rbhap( ) { Bescriptor
sps_max_sublayers minusl a{3)
sps_cipf enabled flag w(i}
if{ sps_cipf enabled flag }{
sps_cipf enabled temporal layer threshold u(3}
sps_cipf center temiporal iaver threshold (3}

sps_cipf enabled flag equal to 1 specifics CABAC context iniialization process for cach
slice associated to the SPS 15 specified with the following svntax  eglements
sps_cipf_enabled teraporal laver threshold and sps_cipf center temporal laver threshold.
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sps_cipf cnabled flag equal to O specifies that CABAC context imtialization process for all
the slices 1s the same and reset to the detault imtial values.

sps_cipf_enabled temporal_laver threshold specifies the maximum Tid value where
CABAC context mnitialization from: the previous frame is applied. If the vahie of Tid for the

mittalization  procgss spectfied by VVC  is apphed. The  wvalue  of
sps_cipf cnabled temporal layer threhsold shall be m the range of 0 fo
sps_max_sublayers minusl+}, inclusive.

sps_cipf center temporal laver threshold spocifies the maximum Tid value where

CABAC context initialization specified by FIG. 4 13 applied. the valoe of Tid for the
current shice is larger than sps_cipf center tomporal layer threshold, CABAC context
wmitialization specified by FIG. 4 15 applied, that 1s,

it Tid <=sps_cipf center temporal layer threshold
CTU lpcation =min (W + Cy2 + 1, O}
else
CTU loecation = C

where Tid denotes temporal layer index, W denote the number of CTUs m a CTU vow, and C
i the total number of CTUs in g shice.

sps_cipf cnabled temporal layerthreshold, mchisive.

(879 One nore benefit of using the syntax clement

reduced. For example, in FIG. 6, if the value of sps_cipf enabled temporal layver threshold
18 5, CABAC context imtialization values need to be stored for Tad 2, 3, 4 and 5. However if
the value of sps_cipt enabled temporal laver threshold is 3, CABAC context mutialization
tables need to be stored only for Tid 2 and 3. This 1s useful if the storage of the encoder or the
decoder is limited.

G086 In anocther embodument, cipf enabled flag s transmitied v the picture_header or
in the slice header. I cipf enabled flag 15 transmitted i the picture_beader or i the
slice_header, cipf center flag is also transmitted in the pictire_header or in the slice _header.
The proposed syntax of SPS, PPS, picture_header and shice header are shown in Tables 14, 15,
16, and 17 respectively.

Table 14: Proposed Svotax of sps_cipf cnabled flag in SPS
seq parameter set rhsp( ) { Descriptor

sps_cipf_enabled flag a(l)
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Table 15: Proposed Syntax of pps_cipf in_ph flag
pic parameter set rbsp{ } { Bescriptor
pps_no_pic_partition_fiag wl)

iff ipps_no_pic partition flag ) {

pps_cipf_info_in_ph flag u(l)

; u(l}
;
Table 16: Proposed Symtax of pb_cipt cnabled flag and ph_cipf cerder flag
picture header structure( ) { Bescriptor
ph_inter slice allowed flag uw(l}

if{ sps_cipf enabled flag && pps_cipt info in ph flag &&
ph_inter shice allowed flag }4

ph_cipf enabled fiag u{i}
f ph_cipf cnabled flag)
ph_cipfl center flag w(i)
Y
3
¥
Table 17: Proposed Syntax of sh_cipf enabled flag and sh cipf center flag
stice header{ ) { Bescriptor

if{ ph_mter slice allowed flag }

sh_slice type ue(v)

tf spa_cipf enabled flag && lpps cipt info_m_ph flag && slice type I=
N

sh_cipf enabled flag w(l}
i sh_cipf cnabled flag)
sh_cipf center flag u{l}
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[

sps_cipf_enabled_fiag cqual to 1 specifies that the CABAC contest intialization process for
cach slice associated with SPS 1s specified by the syntax elements ph_cipf cnabled_tlag and
ph cipf center flag 1 pichure header structre{d  or  sh cipf onabled flag  and
sh cipf conter flag in shice header(). sps cipf enabled flag oqual to O specifics that the
CABAC context initialization process for each slice associated with SPS is same and reset to
the defanlt mtial values.

pps_cipf info_in ph flag cqual to 1 specifiecs that ph cipf cnabled flag  and
ph cipf center flag  are transmitied in the  picture header structure(y  syntax,
pps cipf info in ph flag equal to O specifies that ph cipf cnabled flag  and
ph_cipf center flag are not transmitted in the pichure header structure() syntax, and
sh_cipf enabled flag and sh_cipf center flag are transmitied n the shice header() syntax.

ph_cipf enabled flag equal to 1 specifies that CABAC context mitialization from the
previous frame is applied to all the slices i the associated picture. ph_cipf enabled flag equal
to O specifies that CABAC context mitialization from the previcus frame is applied to nong of
the slices in the associated picture and CABAC context mutialization specified by VV is
apphied for all the shices 1n the associated picture.

ph_cipf center flag cqual to 1 specifies that, for all the shices in the associated picture, the
CTH location for CABAC context imtialization from the previous frame 1s obtained as

CTU location =min (W + Y2 + 1, ()

ph_cipf enabled flag cqual to O specifies that, for all the slices in the associated pictare, the
CTU location for CABAC context intialization from previous frame is obtained as

CTU location =€

where ¥ denote the number of CTUs in a CTU row, and C is the total numberof CTUs ina
slice.

sh_cipf_enabled flagequalto | specifies that CABAC context imtialization from the previous
frame is applied to the associated slice. sh_cipt enabled flag equal to 0 specifies that CABAC
context tialization from the previous frame is not applied to the associated slice and CABAC
context imitialization is reset to the default initial.

sh_cipf center flag cqual to 1 specifies that, for the associated shice, the CTU location for
CABAC context inifialization from the previous frame 18 obiained as

CTU location =mm (W +Cy2 + 1L C)

sh cipf enabled flag equal to 0 specifies that, for the associated shice, the CTU location for
CABAC context mitialization from previous frame 18 obtained as
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CTU location =€

where ¥ denote the number of CTUs m a CTY row, and C is the total number of CTlUs ina
shice.

6681} As discussed above, by adaptive switching of the CTU location between the center
and bottom-right for CABAC context mitialization from the previcus shice, the context
matialization 18 more accurate for a shice and the entropy coded bits can be reduced, therchy
tmproving the coding efficiency.

0821 FIG. 7 depicts an example of a process 700 for decoding a video encoded via
entropy coding with adaptive confext mitialization, according to some embodiments of the
present disclosure. One or more computing deviees {¢.g., the computing device implementing
the video decoder 200} implement operations depicted in FIG. 7 by executing suitable program
code {¢.g., the program code implementing the entropy decoding module 216}, For illustrative
purposes, the process 700 1s described with reference to some examples depicted 1o the figures.
Other implementations, however, are possible,

[G083] At block 702, the process 700 involves accessing a video bitstream representing a
video signal. The video bitstream 15 encoded by a video encoder using an entropy coding with
the adaptive context inifialization presented herein. At block 704, which mciudes blocks 706-
712, the process 700 involves reconstructing cach frame of the video from the video bitstream.
At block 706, the process 700 mmvolves accessing a binary bit string from the video bitstream
that represents a slice of the frame. At block 708, the process 700 involves determining the
mitial context value {o.g., p{1} in Eqn. (1)) of an entropy coding model for the shice. The
determination can be made adaptively for the shice to be one of three options: the context valug
stored for a UTU located near the center of the previous slice (¢.g.. the CTU indicated by Eqn.
(8)}, the context value stored for the UTU near the end of the previous shice {e.g., the last CTU
indicated by Eqn. (11)), and the default initial context value specified in the VYV specification
as shown in Hgn. {5}, In one example, the order of the UTUs of the previous slice is determined
by the scanning order as explained above with respect to FIG. 3.

6084} In ong embodiment, a syotax element can be used to indicate the CTU location for
obtaining the mitial context value from the previous shice, such as the syntax clement
sps_cipf center flag described above. Ifthe syntax element sps_cipf center fiag has value 1,
the initial context value can be set to the context value stored for the conter CTU ofthe previous
shice; if the syniax clement sps_cipf center flag has a value 0, the nitial context value can be

set to the context value stored for the last C'TU of the previcas slice. Another syntax slement,
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such as sps_cipf enabled flag, can be used to mdicate whether to use the context value from
the previous shice for inttialization or use the default imitial context value. In some examples,
both svrdax elements sps_cipf center flag and sps_cipf cnabled flag can be transmitted in the
picture header (PH) of the frame containing the slice or the slice header (SH) ot'the slice. As
such, deternining the mutial context value can be performed by extracting the syntax clements
sps_cipf center flag and sps cipf cnabled flag from the bitstream and selecting the proper
itial context value based on the value of the syntax clements.

[3685] In a further embodiment, a syntax element {¢.g., sps_cipt QF threshold described
above} mdicating the threshold value for detemmining a CTU location for obtaining the initial
comtext value from the previous slice can be used. The guantization parameter (QF} value of
the previous slice can be compared with the threshold value sps_cipf QP threshold. ifthe QP
value is smaller than or equal to the threshold value, the imtial context value can be set to be
the context value of the center CTU of the previous slice; otherwise, the mnitial context value
can be set to be the context value of the ast CTU of the previcus slice.

6086] {n another embodiment, the mitialization can be made based on the temporal layer
mdices associated with the frames in a group of pictures (GOP) structure for random access
(RA}.  For cxample, two syntax elements can be used: a svntax clement such as
sps_cipf enabled temporal layer threshold discussed above, indicating a threshold value for
determining whether 1o use the imitial context value from the previous slice and a syntax
element, such as sps cipf center temporal layer threshold discussed above, indicating a
second threshold value for determiming a CTU location for obtaining the initial context valoe
from the previous shice. The sps_cipf cemter temporal laver threshold is set to be no higher
than sps_cipf enabled temporal laver threshold. If the temporal layer index Tid of the
current slice is higher than sps cipf enabled temporal laver threshold, the mitial context
valtue for the slice is set to be the defanlt inttial context vahie.  Ifthe temporal layer index Tid
s no higher than the sps_cipf _enabled temporal layer threshold, the temporal layer index Tid
of the shice is compared with the sps_cipf center_temporal layer threshold. If the temporal
laver mdex Tid is no higher than sps_cipf conter tormporal layer threshold, the mitial context
value is determined to be the context value of the center CTU of the previous shice; otherwise,
the iitial context value is sct to be the context value of the last CTU of the previous shice.
6687} At block 710, the process 700 mvolves decoding the slice by decoding the entropy
coded portion of the binary string using the entropy coding model with the determined initial
context value. The entropy decoded values may represent guantized and transformed residuals

of the shice. At block 712, the process 700 involves reconstructing the frame based on the

g
et
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decoded slice. The reconstruction can nclude dequantization and inverse transformation of
the entropy decoded values as deseribed above with respect to FIG. 2 to reconstruct the pixel
samples of the slice. The operations in blocks 706-712 can be performed for other slices of the
frame to reconstruct the frame. At block 714, the reconstructed frames may be output for
displaying.

[6088] It should be understood that the examples described above are for dlustration
purposes and should not be construed as imuing. Ditferont implementations may be ermployed
for adaptive context inttialization. For example, instead of using the center CTH indicated
Egn. {8}, any UTU located e the center CTU rows {e.g., the center 1-5 CTU rows) of the slice
can be used as the first of the three options. Similarly, mstead of using the last CTLU as mdicated
in Egn. {(11), any CTU in the last several CTU rows {e.g., last 1-3 CTU rows) can be used as
the second option, as along as the CTU location m the first option is before the CTU location
in the second option. In addition, while some of the examples focus on applving the CIPF o a
slice, the same method can be applied to the frame using the stored context value fora CTU
(c.g., the center CTVU or an end CTU) m the previous frame or the last shice in the previous
frame.

[0089] FIG. 8 shows an example of the motion compensation and entropy coding context
initialization dependencies of a picture coding structure for random access (RA) conunon test
condition (CTC) applied with the CIPF. In FIG. 8, cach box represents a frame. The letter
mside the box indicates the picture type of the frame and the number indicates the pictare order
count {POC) of the frame in the display order. The number below the box indicates the position
of the frame n the coding order. The right side of the drawing shows the temporal layver index
Tid of cach tomporal layer simifar to those shown in FIG. 6. The left side of the drawing shows
the delia QP for cach temporal laver which is the difference between the QP of the layer and a
base QP. The dotted hines between boxes mdicate the prediction dependency and the sohd
lines indicate the CIPF dependentcy. As can be seen from FIG. 8, context nttialization
inhentance mmtroduces additional dependencies between pictures, which would Hott parallel
processing capability for both the encoding and decoding. Some embodiments are presented
herein to solve this problem.

[3090] n one example, the context mitialization value inhenits from the previous picture in
the coding order regardless of teraporal laver and QF as shown in the example of FIG. 9. In
another example, the context initialization value inherits from the previous pictore of lower
temporal layer as shown in the example of FIG. 10, In a finther example, the context

tnitialization table inhernitance follows the motion compensation and prediction structure and
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uses the reference frame for motion compensation as the “previons” frame to inherit the state
of the context variables for nitilizing the context variables for the current frame. The context
ntiakization value inheritance of this cxample can be demoustrated by the motion
compensation and prediction paths shown as “prediction dependency” 1n dotled hines FIG. ¥
and FIG. 10, In addition, the context value may inherit from multiple frames when multiple
reference frames are involved in motion prediction and compensation. In this case, the context
value initialization may be a combination of these inhented values such as an average or a
weighted average. In some examples, coding standards ke VVC, ECM, AVC and HEV(C
supports multiple reference frames and reference index can differ from block to block even
within a single slice. In addition, coding standards like VVC, ECM, AVC and HEVC supporis
bi~prediction: list O prediction and list 1 prediction typically forward prediction and backward
prediction. In such scenarios, the reference frame of index equal to 0 10 the list O prediction can
be used for CABAC inheritance. In the following, “slice™ may be used to refer to a shee or a
frame where the slice is the entire frame. The “previous” shice from which the context
intialization table is inherited for the current slice may also be referred 1o as a “reference slice.”
6691} For each of the examples above, the context imtialization value is mhernited from
the frame with a different QP value. Directly mberniting context mutialization table of the
different (3P value can caunse loss in coding efficieney. To avoid the loss, context mtialization
table convertion based on the previous QP and the curmrent QP can be implemented.

36921 In one embodiment, assuming that the QF of the reference shice and the current slice
are QpY prev and QpY curr, respectively, and the m and n specified m Egn. {4} of the
reference and the current shice is m_prev and n_prev and, m_currand n_curr respectively. Egn.

{5) can be re-written as

preCexState{{Jp _prev)
=Clip3( 1, 127, ({ o_prev * { Clip3( 0, 63, Qpy pev ) — 16} ) >> 1} +n_prev)
(12)
preCixState{Qp_curr)
= Chip3( 1, 127, {({m _curr * (Chp3{( 0, 63, Qpv car }— 163} >> 1} + 1 curr )
(13)
Here, m and n are not dependent on the slice QF value. But because the values of
sh_cabac it flag may be different for the previous and the current shices, m and n may be
different for the previous slice and the current slice.
[6093] In this embodiment, prevCixState(Up prevy and prevCixState(Qp cwrry are not

caluculated from the mitValue as specitied by the VV standard as shown i Egns. (12) and
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(13). Instead, prevCoxState(Qp_prev) is set 1o be the CABAC table CixState(Qp_prev) for the
previcus slice to be iherited to the current slice, and i3 3 known parameter.
preCtxState(Qp _curry is the CABAC table for the cumrent slice, and can be obtained by
converting CixState{Qp prevy with the quantization parameters QpVY prev and QpY curr

From Egns. (12) and (13},

preCixState{Qp curn) = CixState{(Qp prevy *

(Clip3¢ 1, 127, ({m_curr * ( Chip3( 0, 63, Qpy cum 3y — 163} >> 1)+ 0 curr 3/

Chp3( 1, 127, {({m_prev * {Chp3( 0,63, Qpy prev ) — 16} 3 >> 1 ) +n prev})

(14)

In some examples, Eqgn. {14) can be executed only i the shiceTypes of the previous slice and
the current slice are the same. If they are different, CABAC wnitialization value calculated by
Egn. (5} 1s apphied.
3694} In another embodiment, the mutial context value for the current shice is determined
based on the QF values for the previous slice and the current slice as well as the initial context
value and the inhented context value of the previous slice. FIG. 11 depicts an example of the
various values involved in the context imtialization table conversion of this embodiment,
[BG95] As shown in FIG. 11, QP 1s the nitial context value {e.g., p(1) in Egn. ¢1}} for
frame N with slice QF valoe QPn. In other words, PidPx is the context value of the top-left
CTU for frame N. PAQPy 18 the context value at a fixed location that 1s going to be wnherited by
the first CTU of slice M. The fixed location can be either the center UTU or the last CTU as
discussed above. P3Py 1s the mitial context value for frame M with shice QF value 3Py, for
the top-ieft CTU of frame M. PAQPwm 15 the context value at the fixed location of either the
center CTU or the last (bottom-right} CTU of frame M with QPws. In other words, PAQPy 18 the
context value that is going to be inherited by the first CTU of frame X. P3Py 1s the nitial
context valae for frame X with Shice QF value 3Py, for the top-left CTU of frame X, Pi{3Px s
the context value at the fixed location of either the center CTU or the last CTU of frame X with
shice QP value ShiceQPx. In other words, this is the context value that is going to be inhented
by the first CTU of the next frame after frame X

3696} In one example, the Fi(3Pn is derived as follows:

PidPs = PeQPy + ({ PAOPx - PiQPre} / OPn ) * ( QPw- OPx) (13}

In another example, the nitial context value can be derived as:
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P3P = PreCixState(QPn) + (PP -PiQPn YOPFQPu). (16}
Likewise,

PiQPy = PreCixStatc{QPx) + (PP -Fi0Py Y OPM* Q). (7
The obtained result can be chped to be within a certain range, such as [1,127}
PreCixState{QPu) and PreCixState(QPx} can be calculated based on Egn. (53, Ifslice N is the
first shice of the whole sequence, Pi3Pw is the initial value PreCxState((Q3Po) defined by Egn.
(5) in the VVC standard, and Pd}Px 1s the context value afier encoding from the first CTU till
the selected fixed CTU location for inheritance by slice M. If 3Py and (QPw are the same, then
P3P is set to PAQPw.
[G097] FIG. 12 depicts an example of a process 1200 for decoding a video cncoded with
the picture coding structure of random access via entropy coding with adaptive context
nitialization, according 1o some embodiments of the present disclosure. One or morc
computing devices {¢.g., the computing device implementing the video decoder 200)
implement operations depicted i FIG. 12 by exccuting suitable program code {e.g., the
program code implermenting the entropy decoding module 216}, For illustrative purposes, the
process 1200 1s deseribed with reference to some examples depicted in the figures. Other
mplementations, however, are possible.
[G098] At block 1202, the process 1200 involves accessing a video biistream representing
a video signal. The video bitstream is encoded by a video encoder using an entropy coding
with the adaptive context initialization presented herein. At block 1204, which includes blocks
1206-1212, the process 1200 mvolves reconstructing each frame of the video from the video
bitstream. AL block 1206, the process 1200 involves accessing a binary bit string from the
video bitstream that represents a partition of the frame, such as a shice. In some examples, the
slice may be the entire frame. At block 1208, the process 1200 involves determining the initial
context value {e.g., p{1} in Egn. (1)) of an entropy coding model for the partition. The
determination can be based on a context value stored for a CTU in 3 previous partition, an
tnitial context value associated with the previous partition, the slice quantization paramgeter of
the previcus partition, and the slice quantization parameter of the partition.
36991 Ag discussed above, in ong example, the itial context value can be determined to
he the context value of the previous frame m the coding order regardless of temporal laver and
QP value as shown in the example of FIG. 9. In another example, the tutial context value can
be determined to be the context value of the previous frame in a lower temporal laver as shown
in the example of FIG. 10, In a further example, the mitial context value can be determined to

be the context value of the reforence frame(s) of the current frame according to the motion
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compensation and prediction structure. The context value of the previous frame can be the
context value stored for a center CTU or the last CTU in the previcus partition as discussed
above.

(3166} For each of the examples above, the imihial context value 1s inhented from a partition
with g different shice QP value. Context initialization table convertion based on the previous
stice OQF value and the current slice QF value 13 utifized to convert the inherited mitial context
value to suit for the current partition with the current shice QP value. In one example, the
conversion 15 performed according to Ean. (15) based on the default mitial context value
determined using the quantization parameter of the previous parition and the default nitial
context value determined using the slice quantization parameter of the current partition. In
another example, the conversion is performed based on the intial context value of the previous
partifion according to Eqn. (16). The mitial context value of the previous parfition can be
determined using the same method described herein based on its previous partition.

[6101] At block 1210, the process 1200 mvolves decoding the partition by decoding the
cutropy coded portion of the binary string using the entropy coding model with the determaned
mitial context value. The entropy decoded values may represent quantized and transformed
residoals of the partition. At block 1212, the process 1200 involves reconstracting the frame
based on the decoded partition. The reconstruction can include dequantization and inverse
transformation of the entropy decoded values as described above with respect to FIG. 2 1o
reconstruct the pixel samples of the partition.  If the frame has more than one partition, the
operations in blocks 1206-1212 can be performed for other partition of the frame to reconstruct
the frame. At block 1214, the reconstructed frames may also be output for displaying.

[3162] CIPE Bufter Manapement

{3163} Under the current enhanced compression model (ECM} random aceess common
test condition, the CIPF described with respect to FIG. 4 15 applied as shown in FIG. 8. Under
this test condition, the same shice QF value is assigned to slices in the same temporal layer.
Underthe ECM low delay (LD} common test condition (CTC), the CIPF described with respect
to FIG. 4 is applied as shown in FIG. 13, Under this test condition, there is only one temporal
laver, and within the temporal layer, multiple slice QP values are assigned.

3164} in the CIPF described with respect to FIG. 4, the total number of the context values
stored in the buffers for CIPF is restricted to 5. FIG. 14 shows the behaviour of the CIPF buffer

for the example shown 1 FIG. 8. In this example, QP to (3Ps are defined as:

(3P = BaseQP + 0 {18)
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QP = Base(QP + |

(3P; = Base(QP + 3

P, = BaseQP + 5

QPs = BaseQP +6
Here, (3P 1s the QP value for the temporal layer with Tid=/. The five baffers are used to store
the CABAC context values for corresponding QF valucs at the corresponding temporal layers.
In other words, buffer ¢ is used to store the CABAC context value for formporal iayer § with
quantization paramecter QF;. As such, the CABAC coutext table stored i1n the buffer 1s denoted
as {Tid, QP) in FIG. 14, FIG. 14 shows the content of the buffer after the picture of POC shown
at the bottom s coded. The shaded part indicates the new data stored 1o the buffer after the
corrgsponding picture is coded.
3165} After the pictures of POC 0 and POC 32 which are | frames are processed, the entire
CIPF butfers, including buffer 1 to buffer §, are empty and there is no need to store CABAC
context values for inhentance. After the pictare of POC 16, which is a B frame, 1s processed,
the CABAC context value with QP for Tid 1 is stored 1n the CIPF buffer 1. After the picture
of POC 8 is processed, the CABAC countext value with QF; for Tid 2 15 stored in the CIPF
buffer 2. After the picture of POC 4 is processed, the CABAC context value with QPs for Tid
3 is stored in the CIPF buffer 3. After the picture of POC 2 18 processed, the CABAC context
value with QP for Tid 4 13 stored in the CIPF buffer 4. After the picture of POC 1 is processed,
the CABAC context value with QFs for Tid 3 15 stored in the CIPF buffer 5.
{3106} iIn the process of encoding or decoding the picture of PO 3, the CABAC context
valae with 3Ps for Tid 5 1s used because POC 3 has Tid 5 and QPs. This CABAC context
valug is stored in the CIPF buffer 3 after encoding the picture of POC 1. The CABAC context
value with QPs for Tid 5 1 the CIPF buffer 5 is thus updated afier the picture of POC 3 15
processed.
13167] In the process of encoding or decoding the picture of POC 6, the CABAC context
value with QP4 for Tid 4, which is stored in the CIPF buffer 4 after encoding the picture of
POC 2,15 used. The CABAC context value with (P, for Tid 4 in the CIPF buffer 4 1s updated
after the picture of FOC 615 processed.
[3108] In real world video encoder, the rate control and quantization control for perceptual
optimization arc usually emploved. With the rate control and quantization control, the SliccQPs
can be different even in the same temporal laver. FIG. 15 shows another example of the RA
rest condition. In this example, the GOP structure s the same as the example shown in FIG. 8.

But for the temporal lavers 4 and 35, 3P values are not constant.
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[6109] The behaviour of the CIPF buffer for the example of FIG. 15 is shown m FIG. 16.
In this example, QP to QPs are defined as:

(3P; = BageQP + 4 {Tid: 1]

QPF; = BaseQP + 1 {Tid: 2]

3P = BaseQP + 3 {Tid: 3]

QPsa = BageQP + 4 [ Tid: 4] {19}

P4, = BaseQP + 6 [Tid: 4]

QPsa = BaseQP + 5 {Tid: 51

QPs, = BaseQP + 7 {Tid: 3]
Here, both QPsand QP can be used for temporal laver 4 and both QPs: and QPsy can be used
for temporal laver 5. After the pictures of POC § and POC 37 are processed, the entire CIPF
buffer is empty and thus there 15 no need to store CABAC context tables for mheritance. Afier
the picture of POC 16 18 processed, the CABAC context value with QP; for Tid 1 s stored in
the CIPE buffer 1. After the picture of POC & 15 processed, the CABAC context value with QP>
for Tid 2 1s stored in the CIPF buffer 2. After the picture of POC 4 15 processed, the CABAC
context value with QF; for Tid 3 1s stored m the CIPF buffer 3. After the picture of POC 2 18
processed, the CABAC context value with QP4, for Tid 4 1s stored 1n the CIPF buffer 4. After
the picture of POC 1 18 processed, the CABAC context value with QPs, for Tid 5 is stored
the CIPF buffer 5.
611¢ In the process of encoding or decoding the picture of POC 3, the CABAC
matializanon value with QPsy, calcudated using Egn. (6} 13 used. Since QPs for Tid 5 isnew to
the CIPF buifer, the context values with QPs, for Tid 5, QP for Tad 4, 3P; for Tad 3, QP for
Tid 2 are moved to the CIPF buffer 4, 3, 2, 1 respectively. Then the CABAC context value
with (FPs, for Tid 5 18 loaded to the CIPF buffer § after the picture of POC 3 15 processed. As
a result, the context value with 3P for Tid 1 1s removed from the buffer.
{6111} In the process of gncoding or decoding of the picture of POC 6, the CABAC
itialization value with QPs calculated using Eqn. (5) 15 used. Since QP for Tid 4 s new 1o
the CIPF buftfer, the context values with Q3Fs, for Tid 5, QPs, for Tid 3, QPs, for Tid 4, QPs for
Tid 3 are moved to the CIPF buffer 4, 3, 2, 1 respectively. Then the CABAC context vahue
with QFyp for Tid 4 is added to the CIPF buffer 5 after the picture of POC 6 s processed. Asa
result, the context value with QP2 for Tid 2 15 removed from the buffor. As scen in the above
description, the CABAC imtialization value caleulated using Egn. (3) rather than the CIPF have
been used 1n the coding of the pictures from POC 0 through POC 6.
[6112] In the process of encoding or decoding the picture of POC 24, CIPF cannot be
applied either, because the CABAC context table with QP for Tid 2 does not exast in the CIPF
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buffer. Usually, a smaller QP value is applied 1o the pictures in the lower temporal layers, and
a bigger QP value is applied to the pictures i the higher temporal lavers, because the picture
qualtty of the lower temporal lavers affects the picture guality of pictures at the higher temporal
lavers. As a result, more bits are spent for the pictures in the lower temporal lavers and fewer
bits are spent for the pictures in the higher temporal layers. Bit saving of the pictures achieved
i the encodings at the lower temporal laver 18 more important to improve overall coding
ctficiency. Therefore, m this example, the fact that CABAC context table initialization camnot
be applied to Tid 2 significantly reduces the coding efficiency improvement that would have
been achieved by CIPF.

{6113} To solve this problem, the nomber of buffers can be mercased wr some cases to
accomandate the different combinations of the temporal laver and quantization parameter. For
example, the number of buffers can be set to to be max(§, maxamum number of sublayers -1},
mstead of 5. In this way, the buffers can handle the cases m FIGS. 8 and 13. For example,
the proposed buffer configuration allows multiple CIPF buffers be allocated to the single Tid
if the value of max sublayers (feraporal layers) - 1 15 0, that is, only one temporal laver 15
contained n the biistream. The allocated multiple CIPF butfers can support the condition like
LB CTC shown i FIG. 13,

6114} In another example, the mumber of CIPF buffers can be set equal to the number of
hierarchical lavers in the motion compensation and prediction structure. Inhertting the CABAC
context value for a current shice can use the context vahie in the buffer which has the same Tid.
The mhentance is also allowed even if the QP valaes of the previous and the current slices are
different. The discrepancy between the different QP values can be addressed by converting the
CABAC context values associated with the QF values of the previous frame and the current
frame.

[G115] In one example, the conversion can be performed using the Egns, (16) and (17}, or
more generally,

POPON+1) = PreCrxState{ QP(N+1 1)
+ {({(PAQP(N) ~ PreCtxState(QPONHYQPOD) * QPN+
(20

6116} {n another example, the conversion can be performed as:
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When QP{N+1) = QP(N},
PiQP(IN+1) = PreCixState{QP(N+1)}
+ (PPN} - FQPONY QPN * QPN+ 1) ZhH
Otherwise (e, QP(N+1) = QP(N) ),
POP{N+1) = PPNy,

3117} 1t 1s noted that the QP(N) is i the range of O and 63, If the QP value SheeQP fora
particular frame is outside this range, the SkeeQP should be first clipped accordingly before it

ig applicd to (20) or {21} As an example, the clipping function can be defined as:

GP(N) = Clip3{0, 63, SliccQPN)) (22)

where QP(N) = SHceQP(N} when 0<= SliceQP(N} <=63; QP(N} = 0, when SliceQP{N}<0; and
QP(N)=63, when Slice QP(N>63.

{3118} In addtion, for Egns. (20} and (21), ff QP(N) and QP{N-+1} arc equal to 0, the context
model PPN} of frame N should be used directly as the mitial value PiQP{(N+1) for frame
N+E I QP(N) is equal to 0 and QP(N+1} is not equal to 0, the CABAC context mitialization
value calculated using equations {3) is applied.

16119] FIG. 17 shows an example of the behaviour of the proposed CIPF buffer
configuration for the RA test condition shown in FIG. 15, according to some embodiments of
the present disclosure. In this example, QP to (Ps are defined by Egn. (19). After the |
pictures of POC 0 and POC 37 are processed, the entire CIPY buffer 15 empty, because there is
no need to store CABAC context values for inheritance. Afier the picture of POC 16 s
processed, the CABAC context valae with QP; for Tid 1 is stored in the CIPF buffer 1. After
the picture of POC 8 1s processed, the CABAC context value with QP: for Tid 2 15 stored in
the CIPF butfer 2. Atter the picture of POC 4 15 processed, the CABAC context value with QP;
for Tid 3 is stored i the CIPF buffer 3. After the picture of POC 2 is processed, the CABAC
context value with (3P4, for Tid 4 15 stored in the CIPF buffer 4. After the picture of POC 1 is
processed, the CABAC context valoe with QFsa for Tid 5 s stored in the CIPF buffer 5.
3126 In the encoding or decoding of the picture of POC 3 which has a different QP value
from the picture of POC 1, a converted CABAC context value is first caleulated.  The
conversion can be performed using the CABAC context value in the CIPF buffer 5, the previcus
stice QF value QPFsy and the current shice QF value QPsp according to Egn. (1G) or (11). The
converted CABAC context value is applied m the encoding or decoding process. After the

encoding or the decoding of the picture POCT 3, the CABAC context value at a selected location
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in the picture of POC 3 {e.g., the UTU location selected based on Egn. (8) or (11}) 18 stored in
the CIPF buffer 5.

3121 In the encoding or the decading of the picture of POC 6 which has a ditferent QF
value than the picture of POC 2, a converted CABAC context value 1s first calculated. The
calculation can be performed using the CABAC context value in the CIPF buffer 4, the previous
stice QF value QP4 and the current shice QF value QPyp according to Egn. (1G) or (11). The
converted CABAC context value is applied m the encoding or decoding process. After the
encoding or the decoding of the picture of POC 6, the CABAU context value at a selected
location n the picture of POC 6 (¢ g, the CTU location selected based on Egn. (8y or (113} 18
stored 1n the CIPF buffer 4. In contrast to FIG. 16 where CIPF cannot be applied to POC 010
PGC 6, the CABAC wutialization values calculated by Egn. (20} or (21) can be used 1n the
codimg of at least these pictures. Further, the CIPF can also be applied to the picture of POC
24, as the CABAC context Table with QP» for Tid 2 is maintained in the CIPF buffer and 1s
available for the coding of picture of POC 24

[6122) With the proposed CIPF butfer management, the CIPF bufters always keep a set of
CABAC context values from ecach temporal laver. As a result, the CIPF process can be applied
tos each eligible picture by using the CABAC context value stored in the buffer that hag the
same temporal layer index. After coding the current picture, the new CABAC context value
will replace the existing CABAC context value in the buffer that has been used as the iutial
CABAC context value and has the same temporal fayer index as the current picture.

(3123} With the proposed CIPF buffer management, the CIPF proposed in Egn. (10} or
(11) can be appliecd. Aliernatively, the exasting CABAC context value inheritance approach
{(i.c., inheritance from a previous frame with the same slice QP value in the same temporal
layer) can also be apphied with an exception. When the slice QP value of the current picture is
different from the QF value of the CABAC context value in the buffer that has the same
temporal laver index, the deftaul initialization valuce caleunlated using Egn. (3) 15 applicd instead.
3124 Likewise, the buffer management shown 1o FIG. 16 can be tmproved by applving
the default context mitilization in Eqn. (5) when the slice QP value of a current picture 1
different from the slice QF value stored in the buffer for the same temporal layer. In this way,
the CABAC context values for the lower temporal lavers are not discarded and wili be available
for CIPF when coding the pictures in the lower tomporal layers.

[6125] FIG. 18 depicts an example of a process 1800 for decoding a video encoded with
the picture coding structure of random access via entropy coding with adaptive context

tnitialization, according to some embodunenis of the prescut disclosure. One or more
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computing devices {¢.g., the computing device implementing the video decoder 200)
mplement operations depicted 1 FIG. 18 by executing suitable program code (eg., the
program code implementing the entropy decoding module 216}, For dlustrative purposes, the
process 1800 is described with reference to some examples depicted in the figures. Other
implementations, however, are possible.

3126} At block 1802, the process 1800 involves accessing a video bitstream representing
a video signal. The video bitstream is encoded by a video encoder using an entropy coding
with the adaptive context imtialization presented herein. At block 1804, which includes blocks
18061814, the process 1800 mvolves reconstracting cach frame of the video from the video
bitsircam:. At block 1806, the process 1800 invoives accessing a binary bit string from the
video bitstream that represcuts a partition of a frame, such as a shice. {n some examples, the
shice may be the entire frame. At block 1308, the process 1800 involves deternuning the imtial
context value {e.g., PQP(N+1) in Egns. (20} and €21}) of an entropy coding modsl for the
partition. The decoder can access a buffer, from a set of buffers, that corresponds to the
temporal layver (1.¢, sublayer} of the frame to obtain the context value stored fora CTU m the
previous frame {e.g., PFOPON) n Egns. (20) and (21}, As discussed above, the stored context
value may be for a center CTU or the last UTU m the previous frame.

{6127} As discussed above, in ong embodiment, the number of buffers is set to the number
of temporal lavers, each temporal layer having one buffer storing the context value. It is hikely
that the slice quantization parameters for the frames in the same temporal layer have different
values. As such, the same buffer will need to store the context values for frames with different
parameter values. When the frame bas a shice quantization parameter ditferent fronm that of the
previous frame, context value retrieved from the buffer can be to be converted before being
ased to derive the initial context value for the current frame. For example, the conversion can
be performed according to Egn. (20} or (21}, In ancther embodiment, the number of buffers
can be set to the larger value of 5 and the number of maximum sub-layvers o the video. Inthis
way, one buffer is used to store data for one combination of the temporal laver index and the
shice quantization parameter value. No conversion s needed m this embodiment so long as the
combination of the temporal layer index and the slice quantization parameter is in the CIPF
buffer.

[0128] At block 1819, the process 1800 nvolves decoding the partition by decoding the
entropy coded portion of the binary string using the entropy coding model with the determined
matial context value. The entropy decoded values may represent quantized and transformed

residuals of the partition. Atblock 1812, the process 1800 ravolves replacing the contoxt value
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stored in the buffer with the context value determined for a CTU in the frame during the
decoding. As discussed above, the CTU may be the center CTU or the last CTU of a slice n
the frame depending on the value of the syrdax elements indicating the location of the CTU for
CIPF, such as sps_cipf center flag,

3129} At block 1814, the process 1800 mvelves reconstructing the frame based on the
decoded partition. The reconstruction can include dequantization and inverse transformation
of the entropy decoded values as described above with respect to FIG. 2 to reconstruct the pixel
samples of the partition. I the frame has more than one partition, the operations in blocks
18061814 can be performed for other partition of the frame o reconstruet the frame. Atblock
1816, the reconstructed frames may be output for displaying.

{31364 Computing Svstem Example

#1311 Any suifable computing system can be used for performing the operations describe
herein.  For example, FIG. 19 depicts an example of a computing device 1900 that can
implement the video encoder 100 of FIG. 1 or the video decoder 200 of FIG. 2. In some
embodiments, the computing device 1900 can include a processor 1912 that s
communicatively coupled to a memory 1914 and that executes computer-executable program
code and/or accesses information stored in the memory 19814, The processor 1912 may
comprise a microprocessor, an application-specific integrated circuit {"ASIC™) a state
machine, or other processing device. The processor 1912 can mnchude anv of a nursber of
processing devices, including one. Such a processor can inclade or may be i communication
with a computer-readable medivm storing instructions that, when executed by the processor
1912, canse the processor to perform the operations described herein,

3132} The memory 1914 can nclude any suitable non-transttory computer-readable
medivm.  The computer-readable mednom can include any electronic, optical, magnetic, or
other storage device capable of providing a processor with computer-readable instructions or
other program code.  Nou-limiting examples of a computer-readable medin inelude a
magnetic disk, memory chip, ROM, RAM, an ASIC, a configured processor, optical storage,
magnetic tape or other magnetic storage, or any othor medinim from which a computer
processor can read mstructions. The mstructions may mchude processor-specific instractions
generated by a compiler and/or an interpreter from code written in any suitable computer-
programming language, including, for example, C, C-++, C#, Visual Basic, Java, Python, Perl,
JavaScript, and ActionScript.

[6133] The computing device 1900 can also mchude a bus 1916, The bus 1916 can

communicatively couple one or more components of the computing device 1900, The
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computing device 1900 can also include a number of external or intermal devices such as input
or output devices. For exampie, the computing device 1900 15 shown with an mput/output
(“1/07") mterface 1918 that can receive foput from one or more mput devices 1920 or provide
ouiput to one or more output devices 1922, The one or more inpui devices 1920 and one or
more cutput devices 1922 can be communicatively coupled to the VO interface 1918, The
conmumunicative coupling can be implemented via any suitable manner (¢.g., 3 connection via a
printed circuit board, connection via a cable, communication via wireless transmissions, ot ).
MNon-limiting examples of mput devices 1920 mclude a touch screen {¢.g., one or more cameras
for imaging a touch area or pressure sensors for detecting pressurg changes caused by a touch),
a mouse, a keyboard, or any other device that can be used to generaie input events in response
to physical actions by a user of a conmputing device. Non-limiting examples of output devices
1922 mclude an LCDY screen, an external monttor, a speaker, or any other device that can be
used to display or otherwise present outputs generated by a computing device.

[0134] The computing device 1900 can execute program code that configures the processor
1912 to perform one or more of the operations described above with respect to FIGS. 1-18.
The program code can inchude the video encoder 100 or the video decoder 2060, The program
code may be resident in the memory 1914 or any suitable computer-readable mediom and may
be exccuted by the processor 1912 or any other suitable processor.

[3135] The computing device 1900 can alse nclude at least one network interface device
1924, The network mnterface device 1924 can include any device or group of devices suitable
for establishing a wired or wireless data connection to one or more data networks 1928, Non-
hmiting examples of the network interface device 1924 include an Etheroet network adapter, a
modem, and/or the ke, The computing device 1900 can transout messages as clectronic or
optical signals via the network interface device 1924,

{3136} General Considerations

{31374 MNumerous detals are set forth herein to provide a thorough understanding of the
claimed subject matter. However, those skilled in the art will understand that the claimed
subject matter may be practiced without these details. o other instances, methods, apparatuses,
or systems that would be known by one of ordinary skill have not been described i detad so
as not to obscure claimed subject matter,

3138} Unless specifically stated otherwise, it s appreciated that throughout this

23

specification discussions otilizing terms such as “processing,” “computing,” “calculating”

>

“determining,” and “identifying” or the hike refer to actions or processes of a computing device,

such as one or more computers or a similar electronic computing device or devices, that
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manipulate or transform data represented as phvsical electronic or magnetic quantitics within
memorigs, registers, or other information storage devices, transmission devices, or display
devices of the computing platform.

3139] The system or systerns discussed herein are not himuted fo any particular hardware
architecture or configuration. A computing device can include any suitable arrangement of
components that provide a result conditioned on one or more mputs. Suitable computing
devices include multi-purpose microprocessor-based computer systermas accessing stored
software that programs or configures the computing system from a general purpose computing
apparatus to a specialized computing apparaius implementing one or more embodiments of the
present subject matier.  Any switable programming, scapting, or other type of language or
combinations of languages may be used to implement the teachings contamed hercin
software to be used in programming or configuring a computing device.

j{3140] Embodiments of the methods disclosed herein may be performed in the operation
of such computing devices. The order of the blocks presented in the exampies above can be
varied—i¥or example, blocks can be re-ordered, combined, and/or broken into sub-blocks.
Some blocks or processes can be performed n parallel.

G141} The use of “adapted t0” or “configured to” herein 1s meant as open and inclusive
language that does not foreclose devices adapted o or configured to perform additional tasks
ot steps. Additionally, the use of “based on” is meant to be open and inclusive, in that a process,
step, calenlation, or other action “based on” one or more recited conditions or values may, in
practice, be based on additional conditions or values bevond those recited. Headings, lists, and
numbering included herem are for case of explanation only and are not meant to be hmiting.
6142} While the present subject matter has been described n detail with respect to specific
cmbodiments thereof, it will be appreciated that those skilled m the art, upon attaining an
understanding of the foregoing, may readidy produce alterations (o, vanations of, and
cquivalents to such embodiments.  Accordingly, it should be understood that the present
disclosure has becon presented for purposes of cxample rather than limitation, and does not
preclude the inclusion of such modifications, variations, and/or additions to the present subject

matter as would be readity apparent to one of ordinary skill in the art.
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Claims

1. A method for decoding a video from a video bitstream representing the video, the
method comprising:

accessing a binary string from the video bitstream, the binary string representing a slice
of a frame of the video;

deternuning an initial context value of an entropy coding model for the shice 1o be one
of a first context value stored for a first CTU in a previous shce of the slice, a second coutext
value stored for a second CTU in the previous shice, and a default mtial context value
mdependent of the previous slice;

decoding the slice by decoding at least a portion of the binary string according to the
eniropy coding model with the initial context value:

reconstructing the frame of the video based, at least in part, upon the decoded shice; and

causing the reconstructed frame o be displayed along with other frames of the vidso.

N2

The method of claim |, wherein CTUs in the previous slice are encoded according to
> &

an encoding order and the first CTU is encoded before the second CTU in the previous shice.

3. The method of claim 2, wherein a location of the first CTU is determined by
CTU location =min (W + Oy2+ 1, ()
where W is a number of CTUs in a CTU row of the previous shice, and C is the total namber of

CTUs 1 the previous shice; and the second CTU 1s a last CTU in the previous shice.

4. The method of claim 1, wherein deternuning the wutial context value comprises:

extracting, from the video bitstream, a syntax element indicating 3 CTU location for
obtaining the mitial context value from the previous shice;

m response to determining that the svatax element has a first value, deterouning the
wnitial context value to be the furst context value stored for the first CTU; and

in response to determining that the svntax element has a second value, determining the

mitial context value to be the second context value stored for the second CTU.

5. The method of clamm 4, wherein determuung the imitial context value further comprises:
extracting, from the video bitstream, a second syntax element indicating whether to use

the initial context value from the previcus slice, wherein extracting the svatax cloment
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mdicating the CTU location for obtainmg the nitial context value from the previous slice is
performed i response to determining that the second syntax element has a first value, and

m response to determuning that the second svetax clement bas a second value,
determining the inttial context value to be the detault inmitial context value; and wherenn:

the syntax ¢lement and the second syntax clement are extracied from a picture header

of the frame or a slice header of the slice.

6. The method of claim 1, wherein deternuning the initial coniext value comprises:
extracting, from the video bitstream, a syntax element mdicating a threshold value for
determining a CTU location for obtaining the initial context value from the previous slice;
comparng a quantization parameter (QP) value of the previous slice with the threshold
value;
in response to determining that the QP value 1s no higher than the threshold value,
determining the initial context value to be the first context value stored for the first CTU; and
m response to determimng that the QP value is bigher than the threshold value,

determining the imitial context value to be the second context value stored for the second CTU.

7. The method of claim 1, wherein determining the initial context value comprises:

extracting, from the video bitstream, a first syotax element mdicating a furst threshold
value for determining whether to use the mitial context value from the previous shice and a
sscond syntax clement indicating a second threshold value for determiming a3 CTU location for
obtaining the nitial context value from the previous slice, the second threshold value 15 no
higher than the first threshold value:

comparing a temporal Iayer index of the slice with the first threshold vahue;

m response to determining that the temporal laver index is higher than the first threshold
value, determining the nitial context value to be the default tutial context value;

m response to deterouning that the temporal layer index is no higher than the first
threshold value, comparing the temporal layer index of the slice with the second threshold
value;

m response to determining that the termporal laver index s no higher than the second
threshold value, detenmining the ininal context value to be the first context valug stored for the

firgt CTU; and
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i response to determining that the temporal layer mdex is hugher than the second
threshold value, determining the mitial context value o be the second context value stored for

the second CTU.

8. A non-transitory  computer-readable mednom baving program code that is stored
thereon, the program code executable by one or more processing devices for performing
OpeTations COMNISIng:

accessing a binary string from a video bitstream representing a video, the binary string
representing a slice of a frame of the video;

determining an mial context value of an entropy coding model for the shice to be one
of a first context value stored for a first CTU in a previous shice of the slice, a second condext
value stored for a second CTU in the provious shice, and a default mitial context value
mdependent of the previous slice;

decoding the slice by decoding at least a portion of the binary string according o the
cutropy coding model with the mitial context value;

reconstructing the frame ofthe video based, at least in part, upon the decoded slice; and

causing the reconstructed frame o be displayed along with other frames of the video.

9 The non-transitory computer-readable medunn of claim &, wheremn CTUs i the
previouns shice are encoded according to an encoding order and the first CTU 15 encoded before

the second CTU in the previous slice,

10, The non-transitory computer-readable medium of clavm 9, wherein a location of the
first CTY 15 determined by

CTU location =min ({W+ Y2 + 1, Oy
where W is a number of CTUs 10 a CTU row of the previous slice, and 15 the total number of

CTUs in the previous shice; and the second CTU is a last CTU in the previous shice.

11 The non-transitory computer-readable medium of clapm 8, wherein deternmining the
nitial context value comprises:

extracting, from the video bitstream, a svrdax clement mdicating a CTU location for
obtaining the mitial context value from the previous shice;

m response to determining that the syntax clement has a first value, determining the

wmnitial context value to be the first context value stored for the first CTU; and
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m response to determining that the syntax clement has a second value, determining the

mifial context value to be the second context value stored for the second CTU.

12. The non-transitory computer-readable medium of claim 11, wherein determining the
mnitial context value further comprises:

extracting, from the video biistream, a second syntax clement indicating whetherto use
the 1oitial countext value from the previous slice, wherein extracting the syntax element
mdicating the CTU location for obtainmg the initial context value from the previous slice is
performed i response to determining that the second syntax element has a first value, and

in response to determining that the second symtax element has a second value,
determinuing the nitial context value to be the default titial context value; and wherein

the svntax ¢lement and the second syntax ¢lement are extracted from a picture header

of the frame or a shice header of the slice.

13, The non-transitory computer-readable medium of clamm 8, wherein determining the
mitial context value comprises:
extracting, from the video bitstream, a syntax element mdicating a threshold value for
determining a CTU location for obtaining the initial context value from the previous slice;
comparng a quantization parameter (QP) value of the previous slice with the threshold
value;
in response to determining that the QP value 1s no higher than the threshold value,
deteraining the witial context value to be the first context value stored for the first CTU; and
m response to determimng that the QF value is higher than the threshold value,

determining the imtial context value to be the second context vahue stored for the second CTU.

14, The non-transitory computer-readable medium of claim 8, whercin detenmining the
tnitial context value comprises:

extracting, from the video bitstream, a first syntax element indicating a first threshold
value for determining whether to use the mitial context value from the previous shice and a
second syntax element indicating a second threshold value for determining a CTU location for
obtaining the initial context valuc from the previous slice, the second threshold value is no
higher than the first threshold value;

comparing a temporal Iayer index of the slice with the first threshold vahue;
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m response o determining that the temporal layer mdex is higher than the first threshold
value, determimng the mnitial context value to be the default inital context valae;

m response to deterouning that the temporal layer index is no higher than the first
threshold value, comparing the temporal layer index of the slice with the second threshold
value;

in response to determining that the temporal laver index is no bigher than the second
threshold value, detenmining the ininal context value to be the first context value stored for the
first CTU; and

m response to determining that the temporal layer index is higher than the second
threshold value, determining the initial context value 1o be the second context value stored for

the second CTU.

15. A system comprising:

a processing device; and

a non-transitory  computer-readable  medin  conununicatively  coupled 1o the
processing device, wherein the processing device is configured o execute program code stored
in the non-transitory computer-readable medimm and therchy perform operations comprising:

accessing a binary string from a video bitstream representing a video, the binary
string represcuting a slice of a frame of the video;

determining an initial context value of an entropy coding model for the shice to
be one of a first context value stored for a first CTU 10 a previcus slice of the slice, a
second context value stored for a second CTU in the previous slice, and a default mitial
context value mdependent of the previous slice;

decoding the slice by decoding at least a portion of the binary string according
i the entropy coding model with the mitial context value;

reconstructing the frame of the video based, at least in part, upon the decoded
slice: and

causing the reconstructed frame to be displayed along with other frames of the

video.

16, The system of clam 15, wheren a location of the first CTU s determined by
CTU location =min ({W+ Y2 + 1, Oy
where #1s a number of CTUs in a CTU row of the previous slice, and € 1s the total number of

CTUs in the previous shice; and the second CTU is a last CTU in the previous shice.
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17. The systemn of claim 15, whercin determining the initial context value comprises:

extracting, from the video bitstream, a svotax element indicatmg a CTU location for
obtaining the mitial context value from the previous shice;

in response to determiming that the syntax element has a first value, determining the
initial context vahie to be the first context value stored for the first CTU; and

m response to determning that the syntax clement has a second value, deternuning the

inttal context value to be the second context value stored for the second CTU.

18, The system of claim 17, wherein detcomining the witial context value further
COMPTISCS:

extracting, from the video bitstream, a second syntax element indicating whether to use the
mnitial context value from the previous slice, wherein extracting the syntax slement mdicating
the CTU location for obtaming the initial context value from the previous slice is performed in
response to determining that the second syntax clement has a first value, and

i response to determining that the second syntax element has a second value, determining the
mitial context vabue to be the default mtial context value; and wherem:

the syntax clement and the second syntax clement are exiracted from a picture header of the

frame or a shice header of the shice.

19 The system of claim 15, wherein determining the initial contoxt value comprises:
extracting, from the video bustream, a svniax element indicating a threshold value for
deterayining a CTU location for obtaining the wnitial context value from the previous slice;
comparing a quantization parameter (QF) value of the previous slice with the threshold
value:
m response to determining that the QP valuc 1s vo higher than the thueshold value,
determining the mitial context value to be the first context value stored for the first CTU; and
in response to determining that the P value is higher than the threshold value,

determining the initial context value to be the second context valug stored for the second CTU.

ND

0. The system of claim 15, wherein determuning the 1ninal context value comprises:
extracting, from the video bitstream, a first syntax element indicating a first threshold
value for determining whether o use the initial context value from the previous shice and a

second syntax clement indicating a second threshold value tor determinmg a CTU location for
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obtaining the initial context value from the previous slice, the second threshold value s no
higher than the first threshold value;

comaparng a temporal layer index of the slice with the first threshold value;

m response to deternuning that the temporal laver index is higher than the first threshold
value, determining the mtial context value to be the default imitial context value;

in response to determining that the temporal layer index is no higher than the first
threshold value, comparing the temporal laver index of the shice with the second threshold
value;

m response to determining that the temporal layer index 1s no higher than the second
threshold value, determining the initial context value to be the first context value stored forthe
first CTU; and

m response to defermining that the temporal laver index is higher than the second
threshold value, determining the mnitial context value to be the second context value stored for

the second CTU.

21, A method for decoding a video from a video butstream representing the video,
the method comprising:

accessing a binary string from the video bitstream, the binary string representing a
parittion of the video;

determining an initial context value of an entropy coding model for the partition by
converting a coniext value stored for a UTU i a previous partition of the partition based on an
mitial context value associated with the previous patition, a slice quantization parameter of
the provicus partition, and a shice quantization parameter of the partition;

decoding the partition by decoding at least a portion of the binary string according to
the entropy coding model with the mitial context valae;

reconstructing frames of the video based, at least in part, upon the decoded partition;
and

causing the reconstructed frames to be displaved.

22. The method of claim 21, wherein the context value stored for a CTU in the
provious partition comywises a first context value stored for a center CTU in a decoding order
n a previous partition, or a second context value stored for a last CTU in the decoding order in

the previous partiion.
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23. The method of claim 21, wherein the gl context value associated with the
previous partition compriscs 8 default mitial context value determined based, at least in part,
upon the slice guantization parameter of the previous partition or an ininal context value
determined based, at least in part, upon a context value stored for a CTU m a previous partition

of the previcus partition.

24. The method of claim 21, wherein the partition 13 a frame, and the previous

partition is a frame proceeding the frame according to a coding order of the video.

23, The method of claim 21, wherein the partition 15 a frame, and the provious

pariition 15 a closest frame in a temporal layer below the frame that 15 coded before the frame.

26. The method of clamm 21, wherein the partition 15 a frame, and the previous
partition is a reference frame of the frame according to motion compensation information of

the video.

27.  The method of claim 26, wherein determining the mutial context value of the
eniropy coding model for the partition is porformed further based on a second context value
stored for a second CTU in a second provious partition of the partition, and wherein the second
previous partition i1s 3 second reference frame of the frame according to the motion

compensation information of the video.

28, A non-transitory computer-readable medium having program code that is stored
thereon, the program cods executable by one or more processing devices for performing
operations comprising;

accessing a binary string from a video bistream of a video, the binarv strng
represerding a partition of the video;

determuning an mitial confext value of an entropy coding model for the partition by
converting a coniext valae stored for a UTU i a previous partition of the partition based on an
mitial context value associated with the previous patition, a slice quantization parameter of
the provicus partition, and a shice quantization parameter of the partition;

decoding the partition by decoding at least a portion of the binary string according to

the entropy coding model with the mitial context valae;
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reconstructing frames of the video based, at least in part, upon the decoded partition;
and

causing the reconstructed frames to be displayed.

29. The non-transitory computer-readable medium of claim 28, wherein the context
value stored for a CTU in the previous pattition comprses a first context value stored for a
center CTU in a decoding order 1n a previous partition, or a second context value stored for a

last CTU in the decoding order in the previous partition.

30. The non-transitory computer-readable medium of claim 28, wherein the nitial
context value associated with the previous partition comprises a defanli vutial context value
determined based, at least in part, upon the slice quantization parameter of the previous
partition or an mitial context value determined based, at least in part, upon a context value

stored for a CTU in a previous partition of the previous partition.

31, The non-transitory computer-readable medium of clamm 28, wheremn the
partition 13 a frame, and the previous partition is a frame proceeding the frame according to a

coding ovder of the video.

32 The non-transitory computer-readable medium of clamm 28, wherem the
partition 1s a frame, and the previous partition is a closest frame in a teraporal layer below the

frame that is coded before the frame.

33. The non-transitory computer-readable medium of clamm 28, wherein the
partition 13 a frame, and the previous partition 1s a reference frame of the frame according to

motion compensation nformation of the video.

34. The non-trapsitory computer-readable medium of clamm 33, wherein
determining the initial context value of the entropy coding model for the partition is performed
further based on a second context value stored for a second CTU 1n a second previous partition
of the partition, and whercin the sccond previous partition is a second reference frame of the

frame according to the motion compensation information of the video.

35, A system comprising:
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a progessing device; and
3 non-transttory computer-readable medium communicatively coupled to the
processing device, whewn the processing device is configured to execute program code stored
in the non-transitory computer-readable mediom and thereby perform operations comprising:
accessing a binary string from a video bitstream of a video, the bmary string
representing a partition of the video;
deternining an initial condext value of an entropy coding model for the partition by
converting a context vahie stored for a CTU n a previous partition of the partition based on an
matial context valug associated with the previous partition, a slice quantization parameter of
the previous partition, and a slice quantization parameter of the partition;
decoding the partition by decoding at least a portion of the bmary string according to
the entropy coding model with the nitial context value;
reconstracting frames of the video based, af Ieast in part, upon the decoded partition;
and

causing the reconstructed frames to be displaved.

36.  The system of claim 35, wherein the context value stored for a CTU in the
previous partition comprises a first context value stored for a center C'TU in 3 decoding order
in a previous partition, or a second context value stored for a last CTU i the decoding order in

the previous pariition,

37, 'the system of claim 35, wheremn the tutial context value associated with the
previous partition comprses a default initial context value deternuned based, at least in part,
upon the slice quantization parameter of the previous partition or an ntial context value
determined based, at least in part, apon a context value stored for a CTU m a previous partition
of the previous partition.

38, The system of clamm 33, wherein the partition 15 a frame, and the previous
partition 18 a frame proceeding the frame according to a coding order of the video or a closest

frame i a temporal layer below the frame that is coded before the frame.

39, The system of claim 35, wherein the partition is a frame, and the previous
partition 13 a reference frame of the frame according fo motion compensation information of

the video.

[
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40. The svstem of claim 39, wheremn determining the initial context value of the
erdropy coding model for the partition is performed further based on a second context value
stored for a second CTU m a second previous partition of the partition, and wheren the second
previous partition 18 3 second reference frame of the frame according to the motion

compensation information of the video.

41, A method for decoding a video from a video bitstream representing the video,
the method comprising:

accessing a binary string from the video bitstream, the binary string representing a
pariition of a frame of the video;

determining an tial context value for an entropy coding model for the partition by
converting a context value stored in a buffer for a CTU 1n a previous frame of the frame based
on an nitial context vabue agsociated with the previous frame, a quandization parameter of the
previous frame, and a shice guantization parameter of the frame;

decoding the partition by decoding at least a portion of the binary string according to
the entropy coding model with the mitial context valae;

replacing the context value stored in the buffer with a context value for a CTU in the
frame deternuned in decoding the partition;

reconstraciing the frame of the video based, at least in part, upon the decoded partition;
and

causing the reconstructed frame to be displayed.

42. The method of claim 41, wherein the context value stored for a CTU 1o the
previous frame comprises a first context value stored for a center CTU in a decoding order in
a partition of the previous frame, or a second context value stored foralast CTU m the decoding

ovder in the partition of the previous frame.

43, The method of clatm 41, wheren the mitial context value associated with the
previous frame comprises a defanlt mitial context value determumned based, at least  part, upon

the slice quantization parameter of the previous frame.

44 The method of claim 41, wherein the tutial context value associated with the

previous frame comprises an initial context value determined based, at least in part, upon a
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context probability stored for a CTU in a previous frame of the previous frame, wherein
determining the nitial context vahue for the entropy coding model for the partition compriscs,
in response to determuing that the shice quantization paramcter of the frame 13 the same as the
shice quantization parameter of the previous frame, determining the initial context value to be
the context value stored in the buffer, wherem the converting s performed in response to
determining that the shice quantization parameter of the frame is different from the dlice

quantization parameter of the previous frame.

43, The method of claim 41, wherein the buffer is identified based on a temporal

layer index of the frame.

46.  The method of clamm 45, wherem the buffer is one of a plurality of buffers, cach
buffer of the phurality of buffers configured to store a context value for a frame m a

corresponding teruporal laver of a plurality of teraporal layers.

47. The method of claim 46, wheremn a number of buffers in the plurality of buffers
s determined as a larger value between 5 and max sublayers minusl specified i a video
parameter set (VPS) or a sequence parameter set {(SPS), wherein max sublayers minusi

reproserds a maxinwn number of temporal layers for the video.

438, A non-transitory computer-readable mediom having program code that is stored
thereon, the program code executable by one or more processing devices for performung
OpeTations COMNISIng:

accessing a bimmary string from a video bitstream of a video, the bmary string
representing a partition of a frame of the video;

detcrmining an wutial context value for an entropy coding model for the partition by
converting a context value stored in a butfer fora CTU in a previous frame of the frame based
on an mital coniext value assoctated with the previous frame, 3 slice guantization parameter
of the previcus frame, and a shice guantization parameter of the frame;

decodmg the partition by decoding at least a portion of the binary string according to
the entropy coding model with the ininial context value;

replacing the context value stored in the buffer with a context value for a CTU m the

frame determined in decoding the partition;
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reconstruciing the frame of the video based, at least in part, upon the decoded partition;
and

causing the reconstructed frame to be displaved.

49. The non-transitory computer-readable medium of claim 48, wherein the context
value stored for a TV in the previous frame comprises a first context value stored for a conter
CTU 10 a decoding order in a partition of the previous frame, or a second context value stored

for a last CTU in the decoding order i the partition of the previous frame.

30 The non-transitory computer-readable medium of claim 48, wherein the nitial
context value associated with the previous frame comprises a default wutial coutext value

determined based, at least 1n part, upon the slice quantization parameter of the previous frame.

51 'The non-transifory computer-readable mediam of claim 48, wherein the minial
context value associated with the previous frame comprises an inttial context value determined
based, at least 1o part, upon a context probabihity stored for a CTU in a previous frame of the
previous frame, wherein deternmiining the mitial context value for the entropy coding model for
the partition comprises, in response 1o determining that the slice quantization parameter of the
frame is the same as the shice gquantization parameter of the previous frame, determining the
mitial context value to be the context value stored i the buffer, wherein the converting is
performed in response to detormining that the shee quantization parameter of the frame is

different from the slice quantization parameter of the previous frame.

32. The non-transitory computer-readable medivm of claim 48, wherein the buffer

13 identified based on a temporal layer index of the frame.

33, The non-transitory computer-readable medium of claim 52, wherein the buffer
1s one of a plurality of baffers, cach buffer of the phurality of buffers configured to store a

context value for a frame in a corresponding temporal layer of a plurality of temporal layers.

54. The noo-transitory computer-readable medium of claim 53, wherein a sumber
of buffers m the plorality of baffers is determined as a larger value between 5 and

max_sublayers munust specified in a video parameter set (VPS) or a sequence parameter set
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(SPS), wherein max_sublavers minus] represents a masumum number of temporal lavers for

the video.

35, A system comprising:
a processing devige; and
a non-transitory computer-readable medium communicatively coupled to the
processing device, wherein the processing device is configured to execute program code stored
in the non-transitory computer-readable medium and thereby perform operations comprising:
accessing a bimmary string from a video bitstream of a video, the bmary string
representing a partition of a frame of the video;
detcrmining an wutial context value for an entropy coding model for the partition by
converting a context value stored in a buffer fora CTU 1n a previous frame of the frame base
on an mital coniext value assoctated with the previous frame, 3 slice guantization parameter
of the previcus frame, and a quantization parameter of the frame;
decodmg the partition by decoding at least a portion of the binary string according to
the entropy coding model with the mitial context value;
replacing the context value stored in the buffer with a context value for a CTU m the
frame determined in decoding the partition;
reconstructing the frame of the video based, at least i part, upon the decoded partition,
and

causing the reconstructed frame to be displaved.

56, 'The system of claim 35, wherein the comtext value stored for 3 CTU in the
previous frame comprises a first context value stored for a center CTU in a decoding order in
apartition of the previous frame, or a second context value stored for alast CTU m the decoding

ovder in the partition of the previous frame.

57.  'The system of claim 35, wherein the inifial context value associated with the
previous frame comprises a default mitial context value determined based, at least i part, upon

the slice quantization parameter of the previous frame.

58.  The system of clamm 35, wherein the nifial context value associated with the
previous frame comprises an imitial context value determined based, at least i part, upon a

context probability stored for a CTU m a previous frame of the provious frame, wherein
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determining the mitial context value for the entropy coding model for the partition comprises,
in response to determining that the slice quantization parameter of the frame 1s the same as the
shice quantization parameter of the previous frame, determining the intial context value to be
the context value stored m the buffer, wheremn the converting is performed in response {o
determining that the shice quantization parameter of the frame is different from the slice

quantization parameter of the previous frame.

39, The system of claim 55, wherein the buaffer 1s identified based on a temporal
layer index of the frame, and wherein the buffer is one of a plurality of buffers, cach buffer of
the plurality of buffers configured to store a context value for a frame in a corresponding

temporal layer of a plurality of temporal layers.

60, The system of claim 59, wherein a number of buffers in the plurahity of baffers
ig deternvingd as a larger value between 5 and max _sublayers minus] specified 1o a video
parameter set (VPS) or a sequence parameter sct {(SPS), whercim max_sublayers munus]

represents a maximum number of temporal lavers for the video.
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