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TITLE: Method and Apparatus for Transform Coefficient Coding of Non-Square Blocks

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present invention claims priority to PCT Patent Application, Serial No.
PCT/CN2015/082073, filed on June 23, 2015 and PCT Patent Application, Serial No.
PCT/CN2015/082833, filed on June 30, 2015. The PCT Patent Applications are hereby

incorporated by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates to coding of video and image data using transform
coding. In particular, the present invention relates to techniques to improve transform coefficient

coding of non-square blocks.

BACKGROUND AND RELATED ARTS

[0003] Video data requires a lot of storage space to store or a wide bandwidth to transmit.
Along with the growing high resolution and higher frame rates, the storage or transmission
bandwidth requirements would be formidable if the video data is stored or transmitted in an
uncompressed form. Therefore, video data is often stored or transmitted in a compressed format
using video coding techniques. The coding efficiency has been substantially improved using
newer video compression formats such as H.264/AVC and the emerging HEVC (High Efficiency

Video Coding) standard.

[0004] Fig. 1 illustrates an exemplary adaptive Inter/Intra video coding system incorporating

loop processing. For Inter-prediction, Motion Estimation (ME)/Motion Compensation (MC) 112
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is used to provide prediction data based on video data from other picture or pictures. Switch 114
selects Intra Prediction 110 or Inter-prediction data and the selected prediction data is supplied to
Adder 116 to form prediction errors, also called residues. The prediction error is then processed by
Transform (T) 118 followed by Quantization (Q) 120. The transformed and quantized residues are
then coded by Entropy Encoder 122 to be included in a video bitstream corresponding to the
compressed video data. When an Inter-prediction mode is used, a reference picture or pictures
have to be reconstructed at the encoder end as well. Consequently, the transformed and quantized
residues are processed by Inverse Quantization (IQ) 124 and Inverse Transformation (IT) 126 to
recover the residues. The residues are then added back to prediction data 136 at Reconstruction
(REC) 128 to reconstruct video data. The reconstructed video data are stored in Reference Picture
Buffer 134 and used for prediction of other frames. However, loop filter 130 (e.g. deblocking filter
and/or sample adaptive offset, SAO) may be applied to the reconstructed video data before the

video data are stored in the reference picture buffer.

[0005] Fig. 2 illustrates a system block diagram of a corresponding video decoder for the
encoder system in Fig. 1. Since the encoder also contains a local decoder for reconstructing the
video data, some decoder components are already used in the encoder except for the entropy
decoder 210. Furthermore, only motion compensation 220 is required for the decoder side. The
switch 146 selects Intra-prediction or Inter-prediction and the selected prediction data are supplied
to reconstruction (REC) 128 to be combined with recovered residues. Besides performing entropy
decoding on compressed residues, entropy decoding 210 is also responsible for entropy decoding
of side information and provides the side information to respective blocks. For example, Intra
mode information is provided to Intra-prediction 110, Inter mode information is provided to
motion compensation 220, loop filter information is provided to loop filter 130 and residues are
provided to inverse quantization 124. The residues are processed by 1Q 124, IT 126 and
subsequent reconstruction process to reconstruct the video data. Again, reconstructed video data

from REC 128 undergo a series of processing including 1Q 124 and IT 126 as shown in Fig. 2 and
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are subject to coding artefacts. The reconstructed video data are further processed by Loop filter

130.

[0006] In the High Efficiency Video Coding (HEVC) system, the fixed-size macroblock of
H.264/AVC is replaced by a flexible block, named coding unit (CU). Pixels in the CU share the
same coding parameters to improve coding efficiency. A CU may begin with a largest CU (LCU),
which is also referred as coded tree unit (CTU) in HEVC. In addition to the concept of coding unit,
the concept of prediction unit (PU) is also introduced in HEVC. Once the splitting of CU
hierarchical tree is done, each leaf CU is further split into one or more prediction units (PUs)
according to prediction type and PU partition. Furthermore, the basic unit for transform coding is
square size named Transform Unit (TU). A Coding Group (CG) is defined as a set of 16
consecutive coefficients in scan order. For a given scan order, a CG corresponds to a 4x4 subblock.
A syntax element coded_sub_block_flag is signalled for each to indicate whether the subblock
contains non-zero coefficients. If the subblock is significant as indicated by the corresponding
flag, then the coefficient significant flag, sign flag, and absolute level of the subblock are further
coded by up to five coefficient scan paths. Each coefficient scan path codes a syntax element
within a CG, when necessary, as follows;

1) significant_coeff flag: significance of a coefficient (zero/non-zero)

2) coeff_abs level greaterl flag: a flag indicating whether the absolute value of a

coefficient level is greater than 1.
3) coeff_abs_level greater2 flag: a flag indicating whether the absolute value of a
coefficient level is greater than 2.
4) coeff_sign flag: a sign of a significant coefficient (0: positive, 1: negative)
5) coeff_abs_level remaining: the remaining value for absolute value of a

coefficient level (if value is larger than that coded in previous passes).

[0007] The bins in the first 3 passes are arithmetically coded in the regular mode (use context)

and the bins in scan paths 4 and 5 are arithmetically coded in the bypass mode. Grouping bypass
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bins can increase the throughput of the entropy coder.

[0008] In the current HEVC standard, residuals in a TU is coded in the CG basis and the CGs
are coded one by one according to CG scan path, where the CG scan path refers to the scan order
for the CGs within a TU. Therefore, while the bypass bins within a CG are grouped together, the

regular mode bins and bypass bins in a TU are still interleaved.

[0009] For each CG, depending on a criterion, coding the sign of the last non-zero coefficient
is omitted when sign data hiding is applied. The sign value is derived by the parity of the sum of
the levels of the CG, where an even parity corresponds to the positive sign and an odd parity
corresponds to the negative sign. The criterion is the distance in scan order between the first and
last non-zero coefficients. If the distance is larger than a threshold (i.e., 4 in HEVC), then sign data

hiding is applied.

[0010] It is desirable to improve the coding efficiency especially for non-square transform
units. Also, it is desirable to improve the throughput rate transform coefficient coding for coding

groups.

BRIEF SUMMARY OF THE INVENTION

[0011] A method and apparatus for transform coefficient coding of image and video data for a
video encoder or decoder are disclosed. The method determines a CG (coding group) size
adaptively based on the current TU. The current TU is divided into one or more current CGs
(coding groups) according to the CG size. Bins associated with the coefficients of the current TU
are then encoded or decoded according to a selected CG scan path through the current TU and one
or more coefficient scan paths within each current CG. If TU width is larger or smaller than TU
height for the current TU, then CG width is selected to be larger or smaller than CG height for the
current CGs accordingly. For example, when the TU size of the current TU corresponds to Nx2N

or 2NxN, CG size of the current CGs is selected to be 2x4 or 4x2 accordingly. In another example,
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a smaller CG is used for a smaller TU.

[0012] In one embodiment, if the current TU size is smaller than a threshold TU size, the
current TU will not be divided into one or more CGs. For example, the threshold TU size can be

8x8.

[0013] The CG size can be signalled in a selected syntax level of a bitstream, and the selected
syntax level corresponds to a slice header, CTU level (coding tree unit level), CU level (coding
unit level), or TU level. A control flag in a higher syntax level of the bitstream can be signalled to
control whether to signal the CG size in the selected syntax level. The higher syntax level may
correspond to the slice header and the selected syntax level corresponds to the CTU level, CU

level, or TU level.

[0014] In another embodiment, a flag can be signalled in a selected syntax level of a bitstream
to indicate whether adaptive CG is allowed. If the flag indicates the adaptive CG is allowed, a CG
size is signalled in each of lower syntax levels lower than the selected syntax level of the bitstream.
The selected syntax level of the bitstream corresponds to a coding tree unit (CTU) level and each
of lower syntax levels corresponds to a coding unit (CU) level, or the selected syntax level of the

bitstream corresponds to the CU level and each of lower syntax levels corresponds to a TU level.

[0015] Another method and apparatus for transform coefficient coding of image and video
data for a video encoder or decoder are disclosed. According to this method, all bypass-coded bins
associated with coefficients in CGs (coding groups) of the current TU without any context-coded
coefficient are encoded or decoded using a first individual CG (coding group) scan path through
the current TU. All bypass-coded coefficients of the current TU are determined using one or more
first coefficient scan paths within each CG. The method may comprise another step of encoding or
decoding all context-coded bins associated with coefficients of the current TU without any
bypass-coded coefficient using a second individual CG scan path through the current TU. All

context-coded bins associated with coefficients of the current TU are determined using one or
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more second coefficient scan paths within each CG.

[0016] In one embodiment of this this method, the current TU is divided into one or more first
CGs for the first individual CG scan path according to a first CG size and the current TU is divided
into one or more second CGs for the second individual CG scan path according to a second CG
size, and where the first CG size is different from the second CG size. For example, the second CG
size corresponds to 4x4 and the first CG size corresponds to 4x2 or 2x4. In another example, the

second CG size corresponds to 4x4, 4x2 or 2x4 and the first CG size corresponds to 4x4.

[0017] The bypass-coded bins associated with coefficients of the current TU may comprise
syntax elements coeff_sign_flag and coeff_abs_level_remaining. The context-coded bins
associated with coefficients of the current TU may comprise syntax elements

significant_coeff_flag, coeff_abs_level_greaterl_flag, and coeff_abs_level_greater2_flag.

[0018] The first CGs for the first individual CG scan path may correspond to N consecutive
coefficients of the current TU in a predefined coefficient scan order and N is a positive integer. For

example, N may correspond to 4, 6, 8, 10, 12, 16, 24, 32, or 64.

[0019] In another embodiment, the current TU is divided into one or more first CGs for the
first individual CG scan path according to a first CG size, and sign data hiding is applied to the
current TU depending on the first CG size. For example, sign data hiding is applied to the current
TU if the first CG size is 24 and distance between a beginning non-zero coefficient and an ending

non-zero coefficient is larger than a threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Fig. 1 illustrates an exemplary adaptive Inter/Intra video encoding system using

transform, quantization and loop processing.

[0021] Fig. 2 illustrates an exemplary adaptive Inter/Intra video decoding system using
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transform, quantization and loop processing.

[0022] Fig. 3 illustrates an example of coding groups for an 8x8 TU.

[0023] Fig. 4 illustrates an example of coding groups for an 8x4 TU.

[0024] Fig. 5 illustrates an example of coding groups for a 4x8 TU.

[0025] Fig. 6 illustrates an exemplary flowchart for a video coding system utilizing an

adaptive coding group according to an embodiment of the present invention.

[0026] Fig. 7 illustrates an exemplary flowchart for a video coding system utilizing a coding
group (CG) with a CG scan path to group all bypass-coded bins associated with coefficients

according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The following description is of the best-contemplated mode of carrying out the
invention. This description is made for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The scope of the invention is best determined

by reference to the appended claims.

[0028] As mentioned earlier, the coding group (CG) size according to existing HEVC standard
is fixed at 4x4 coefficients regardless the transform unit (TU) size. The fixed-size CG may not
always result good performance. Accordingly, an adaptive coding group is disclosed in order to

improve performance.

[0029] In one embodiment, the size of CG is dependent on the TU size. In particular, a
non-square CG size is used for a non-square TU. For example, a 2x4 CG is used if TU height is
larger than TU width. Similarly, a 4x2 CG is used if TU width is larger than TU height. Fig. 3

illustrates an example of 8x8 TU, where the conventional 4x4 CG is used. For an 8x4 TU, the 4x2
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CG is used as shown in Fig. 4. For a 4x8 TU, the 2x4 CG is used as shown in Fig. 5. It is
understood that the specific TU sizes and CG sizes mentioned here are intended to illustrate
examples of adaptive coding group according to present invention. These specific TU sizes and
CG sizes shall not be construed as limitations to the present invention. Other non-fixed 4x4 CG
may also be used. In general, if a TU having TU height larger than TU width, a CG having CG
height larger than CG width can be used according to an embodiment of the present invention.
Alternatively, if a TU having TU width larger than TU height, a CG having CG width larger than

CG height can be used according to an embodiment of the present invention.

[0030] In another embodiment, a smaller CG is used for a small TU. For example, a 1x1 CG is
used for an 8x8 TU. In this case, the CG significant flag is not signalled. Again, it is understood
that the specific TU size and CG size mentioned here are intended to illustrate examples of
adaptive coding group according to present invention. The specific TU size and CG size shall not
be construed as limitations to the present invention. Other smaller CG sizes (e.g. 2x2) may also be

used for an 8x8 TU.

[0031] In yet another embodiment, CG partition is disabled for small TUs. For example, CG
partition is disabled for any TU that is smaller than 8x8. In this case, CG partition is disabled for
4x8 TU, 4x4 TU, 2x8 TU, 8x4 TU, 8x2 TU, etc. In this example, any TU with a size smaller than

8x8 is encoded or decoded without dividing into CGs.

[0032] In still another embodiment, the CG size for the CGs in a larger TU is larger than that of
CGs in a smaller TU.

[0033] The size of CG can be signalled at a slice header, coding tree unit (CTU) level, coding

unit (CU) level, or TU level so that a decoder can parse and or decode the coded TU correctly.

[0034] If the size of CG is allowed to be signalled at a selected syntax level in the bitstream, a

control flag can be signalled in a higher syntax level than the selected syntax level to control
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whether to signal the CG size in the selected syntax level. For example, the selected syntax level
may correspond to the CTU level. In this case, the higher syntax level may correspond to the slice

header or other higher syntax level syntax.

[0035] In another example, the selected syntax level corresponds to the CU level or TU level,
and the higher syntax level corresponds to the slice header or other high syntax level syntax (e.g.,

the CTU level).

[0036] In another embodiment, a flag indicating whether to use adaptive CG size is signalled
at selected syntax level. If the flag has a value equal to True, a syntax element indicating the CG
size can be signalled at a lower syntax level below the selected syntax level in the bitstream. For
example, the selected syntax level may correspond to the CTU level and in this case, the lower
syntax level corresponds to the CU level. In another example, the selected syntax level may

correspond to the CU level and in this case, the lower syntax level corresponds to the TU level.

[0037] Another aspect of the present invention addresses syntax coding of the CGs from a TU.
As mentioned previously, the syntax elements associated with each CG are coded in multiple
coefficient scan paths. In a first coefficient scan path, syntax element significant_coeff flag is
coded in the first scan path. If any significant coefficient exists in a CG, up to a total of five scan
paths may be required to code all syntax elements. The syntax elements that require five scan paths
correspond to significant_coeff_flag, coeff _abs_level_greaterl_flag,
coeff_abs_level_greater2_flag, coeff_sign_flag and coeff_abs_level_remaining. Furthermore,
the first three of these five syntax elements are arithmetically coded using the context mode and

the last two syntax elements are arithmetically coded in the bypass mode.

[0038] In one embodiment of the present invention, coding of syntax elements
coeff_sign_flag and coeff_abs_level_remaining are in an individual CG scan path. Therefore, all
the bypass coded syntax elements from a TU are all grouped together according to this

embodiment.
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[0039] In another embodiment, three coefficient scan paths are performed within each CG to
code the syntax elements significant_coeff flag, coeff _abs_level_greater1_flag, and
coeff_abs_level_greater2_flag in the first pass of CG scan. Furthermore, in the second pass of
CG scan, two coefficient scan paths are performed within each CG to code the syntax
coeff_sign_flag and coeff_abs_level_remaining elements. According to this embodiment, all
context-coded syntax elements from the CGs of a TU are grouped together and all bypass-coded
syntax elements from the CGs of a TU are grouped together. Therefore, there is no need to switch
between context-coded mode and bypass-coded mode between CGs. This can help to improve the

parsing throughput rate.

[0040] In yet another embodiment, the CG size in the second CG scan path can be different
from the CG size in the first CG scan path. For example, the CG in the first CG scan path
corresponds to a 4x4 block size, and the CG in the second CG pass corresponds to a 4x2 or 2x4
block size. In this way, the sub-block size for significant flag coding and sign data hiding can be

optimized separately.

[0041] In one embodiment, the CG in the first CG scan path corresponds to a 4x4, 4x2 or 2x4
block size depending on the TU size, but the CG in the second pass corresponds to a fixed block

size, such as 4x4.

[0042] In another embodiment, the CG in the second CG scan path corresponds to N

consecutive coefficients in a predefined scan order (e, g. the scan order used in the first scan path).

The N can be 4, 6, 8, 10, 12, 16, 24, 32, or 64.

[0043] In still another embodiment, the criterion for sign data hiding depends on the CG size in
the second CG scan path. For example, if the CG size in the second CG scan path is 24, then the
criterion may be the distance between the first non-zero coefficient (i.e., the beginning
non-coefficient) and the last non-zero coefficient (i.e., the ending non-zero coefficient) in a CG

being larger than M (e. g. M equal to 6 or 8).
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[0044] In still another embodiment, the CG sizes in the two passes can be explicitly signalled

independently.

[0045] Fig. 6 illustrates an exemplary flowchart for a video coding system utilizing an
adaptive coding group according to an embodiment of the present invention. According to this
method, input data associated with a current TU (transform unit) corresponding to a block of a
current picture is received as shown in step 610. In the encoder side, the input data correspond to
quantized transform coefficients of the current TU to be encoded. In the decoder side, the input
data correspond to encoded transform coefficients of the current TU to be decoded. A CG (coding
group) size is determined adaptively based on the current TU, and the current TU is divided into
one or more current CGs (coding groups) according to the CG size as shown in step 620. Bins
associated with the coefficients of the current TU are encoded or decoded according to a selected
CG scan path through the current TU and one or more coefficient scan paths within each current
CG as shown in step 630. In one embodiment, the selected CG scan path is used to scan a
significance flag of each current CG indicating whether the current CG contains any non-zero
coefficient, and the coefficient scan paths are used to scan one or more coefficients comprising

coefficient significant flags, sign flags, and absolute levels.

[0046] Fig. 7 illustrates an exemplary flowchart for a video coding system utilizing a coding
group (CG) with a CG scan path to group all bypass-coded bins associated with coefficients
according to an embodiment of the present invention. According to this method, input data
associated with a current TU (transform unit) corresponding to a block of a current picture is
received as shown in step 710. All bypass-coded bins associated with coefficients in CGs (coding
groups) of the current TU without any context-coded coefficient are encoded or decoded using a
first individual CG (coding group) scan path through the current TU in step 720, where all
bypass-coded bins associated with coefficients of the current TU are determined using one or more
first coefficient scan paths within each current CG. In one embodiment, the CG size for the current

CG is determined based on the size and/or shape of the current TU. For example, non-square CG
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size is used for non-square TU, such as 2x4 CG is used if TU height is larger than TU width, 4x2
CG is used if TU width is larger than TU height.

[0047] The flowcharts shown are intended to illustrate an example of video coding according
to the present invention. A person skilled in the art may modify each step, re-arranges the steps,
split a step, or combine steps to practice the present invention without departing from the spirit of
the present invention. In the disclosure, specific syntax and semantics have been used to illustrate
examples to implement embodiments of the present invention. A skilled person may practice the
present invention by substituting the syntax and semantics with equivalent syntax and semantics

without departing from the spirit of the present invention.

[0048] The above description is presented to enable a person of ordinary skill in the art to
practice the present invention as provided in the context of a particular application and its
requirement. Various modifications to the described embodiments will be apparent to those with
skill in the art, and the general principles defined herein may be applied to other embodiments.
Therefore, the present invention is not intended to be limited to the particular embodiments shown
and described, but is to be accorded the widest scope consistent with the principles and novel
features herein disclosed. In the above detailed description, various specific details are illustrated
in order to provide a thorough understanding of the present invention. Nevertheless, it will be

understood by those skilled in the art that the present invention may be practiced.

[0049] Embodiment of the present invention as described above may be implemented in
various hardware, software codes, or a combination of both. For example, an embodiment of the
present invention can be one or more circuit circuits integrated into a video compression chip or
program code integrated into video compression software to perform the processing described
herein. An embodiment of the present invention may also be program code to be executed on a
Digital Signal Processor (DSP) to perform the processing described herein. The invention may

also involve a number of functions to be performed by a computer processor, a digital signal
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processor, a microprocessor, or field programmable gate array (FPGA). These processors can be
configured to perform particular tasks according to the invention, by executing machine-readable
software code or firmware code that defines the particular methods embodied by the invention.
The software code or firmware code may be developed in different programming languages and
different formats or styles. The software code may also be compiled for different target platforms.
However, different code formats, styles and languages of software codes and other means of
configuring code to perform the tasks in accordance with the invention will not depart from the

spirit and scope of the invention.

[0050] The invention may be embodied in other specific forms without departing from its

spirit or essential characteristics. The described examples are to be considered in all respects only
as illustrative and not restrictive. The scope of the invention is therefore, indicated by the appended
claims rather than by the foregoing description. All changes which come within the meaning and

range of equivalency of the claims are to be embraced within their scope.



WO 2016/206590 PCT/CN2016/086808

14

CLAIMS

L. A method for transform coefficient coding of image and video data for a video encoder or
decoder, the method comprising:

receiving input data associated with a current TU (transform unit) corresponding to a block
of a current picture;

determining a CG (coding group) size, where the CG size is adaptively determined based
on the current TU, and the current TU is divided into one or more current CGs (coding groups)
according to the CG size; and

encoding or decoding bins associated with coefficients of the current TU according to a
selected CG scan path through the current TU and one or more coefficient scan paths within each

current CG.

2. The method of Claim 1, wherein if a TU width is larger than a TU height for the current TU,
a CG width is selected to be larger than a CG height for said one or more current CGs, and if the
TU height is larger than the TU width for the current TU, the CG height is selected to be larger than

the CG width for said one or more current CGs.

3. The method of Claim 2, wherein if a TU size of the current TU corresponds to Nx2N, a CG
size of said one or more current CG is selected to be 2x4, and if the TU size of the current TU

corresponds to 2NxN, the CG size of said one or more current CG is selected to be 4x2.

4. The method of Claim 1, wherein if a first TU size of the current TU is smaller than a second
TU size of a second TU, a first CG size for the current TU is smaller than a second CG size for the
second TU, and if the first TU size of the current TU is larger than the second TU size of the

second TU, the first CG size for the current TU is larger than the second CG size for the second
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TU.

5. The method of Claim 1, wherein if a current TU size is smaller than a threshold TU size,

said determining the CG size and said encoding or decoding bins associated with the coefficients
of the current TU according to the selected CG scan path through the current TU and said one or
more coefficient scan paths within each current CG are skipped and the current TU is encoded or

decoded without dividing the current TU into said one or more CGs.

6. The method of Claim 5, wherein the threshold TU size corresponds to 8x8.

1. The method of Claim 1, wherein the CG size is signalled in a selected syntax level of a
bitstream, wherein the selected syntax level corresponds to a slice header, CTU level (coding tree

unit level), CU level (coding unit level), or TU level.

8. The method of Claim 7, wherein a control flag in a higher syntax level of the bitstream is

signalled to control whether to signal the CG size in the selected syntax level.

9. The method of Claim 8, wherein the higher syntax level corresponds to the slice header and

the selected syntax level corresponds to the CTU level, CU level, or TU level.

10. The method of Claim 1, wherein a flag is signalled in a selected syntax level of a bitstream
to indicate whether adaptive CG is allowed; and if the flag indicates the adaptive CG is allowed, a
CG size is signalled in each of lower syntax levels lower than the selected syntax level of the

bitstream.

I1. The method of Claim 10, wherein the selected syntax level of the bitstream corresponds to
a coding tree unit (CTU) level and each of lower syntax levels corresponds to a coding unit (CU)

level, or the selected syntax level of the bitstream corresponds to the CU level and each of lower
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syntax levels corresponds to a TU level.

12. The method of Claim 1, wherein the selected CG scan path is used to scan a significance
flag of each current CG indicating whether the current CG contains any non-zero coefficient, and
wherein said one or more coefficient scan paths are used to scan one or more coefficients

comprising coefficient significant flags, sign flags, and absolute levels.

13. An apparatus for transform coefficient coding of image and video data performed by a
video encoder or decoder, the apparatus comprising one or more electronic circuits or a processor
arranged to:

receive input data associated with a current TU (transform unit) corresponding to a block
of a current picture;

determine a CG (coding group) size, where the CG size is adaptively determined based on
the current TU, and the current TU is divided into one or more current CGs (coding groups)
according to the CG size; and

encode or decode bins associated with coefficients of the current TU according to a
selected CG scan path through the current TU and one or more coefficient scan paths within each

current CG.

14. A method for transform coefficient coding of image and video data for a video encoder or
decoder, the method comprising:

receiving input data associated with a current TU (transform unit) corresponding to a block
of a current picture; and

encoding or decoding all bypass-coded bins associated with coefficients in current CGs

(coding groups) of the current TU without any context-coded bin associated with coefficient using
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a first individual CG (coding group) scan path through the current TU, wherein all bypass-coded
bins associated with the coefficients of the current TU are determined using one or more first

coefficient scan paths within each current CG.

15. The method of Claim 14, further comprising a step of encoding or decoding all
context-coded bins associated with the coefficients of the current TU without any bypass-coded
bin associated with the coefficient using a second individual CG scan path through the current TU,
wherein all context-coded bins associated with the coefficients of the current TU are determined

using one or more second coefficient scan paths within each current CG.

16. The method of Claim 15, wherein the current TU is divided into one or more first CGs for
the first individual CG scan path according to a first CG size and the current TU is divided into one
or more second CGs for the second individual CG scan path according to a second CG size, and

wherein the first CG size is different from the second CG size.

17. The method of Claim 16, wherein the second CG size corresponds to 4x4 and the first CG

size corresponds to 4x2 or 2x4.

18. The method of Claim 16, wherein the second CG size corresponds to 4x2 or 2x4 and the

first CG size corresponds to 4x4.

19. The method of Claim 15, wherein the bypass-coded bins associated with the coefficients of
the current TU comprise first syntax elements and second syntax elements of the current TU,
wherein each first syntax element corresponds to a sign flag of one coefficient and each second

syntax element corresponds to a remaining value of one coefficient level.

20. The method of Claim 15, wherein the context-coded bins associated with the coefficients
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of the current TU comprise third syntax elements, fourth syntax element and fifth syntax elements
of the current TU, wherein each third syntax element corresponds to a significance flag indicating
whether if there is any non-zero coefficient in one CG, the fourth syntax element corresponds to a
first level flag indicating whether an absolute value of one coefficient level is greater than one, and
the fifth syntax element corresponds to a second level flag indicating whether the absolute value of

one coefficient level is greater than two.

21. The method of Claim 15, wherein the current TU is divided into one or more first CGs for
the first individual CG scan path, and wherein each first CG corresponds to N consecutive

coefficients of the current TU in a predefined coefficient scan order and N is a positive integer.

22. The method of Claim 15, wherein the current TU is divided into one or more first CGs for
the first individual CG scan path according to a first CG size, and sign data hiding is applied to the

current TU depending on the first CG size.

23. The method of Claim 22, wherein said sign data hiding is applied to the current TU if the
first CG size is 24 and distance between a beginning non-zero coefficient and an ending non-zero

coefficient is larger than a threshold.

24. An apparatus for transform coefficient coding of image and video data performed by a
video encoder or decoder, the apparatus comprising one or more electronic circuits or a processor
arranged to:

receive input data associated with a current TU (transform unit) corresponding to a block
of a current picture; and

encode or decode all bypass-coded bins associated with coefficients in CGs (coding

groups) of the current TU without any context-coded bin associated with coefficient using a first
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individual CG (coding group) scan path through the current TU, wherein all bypass-coded bins
associated with the coefficients of the current TU are determined using one or more first

coefficient scan paths within each CG.



WO 2016/206590 1/5 PCT/CN2016/086808

110 M
L
nira Predicted
Pred. I 118 12 122
Input ] Samples - 120 r
—>9
T L] o Entropy
Encoder
—®
> MEMC + + Bitstream
4 C11§81 REC |« IT ke 1Q
126‘5 124‘5
(134
Ref. Pic. | Loop 10
Buffer filter

lig. 1



WO 2016/206590

2107

Bitstream

Entropy
Decoding

2/5

PCT/CN2016/086808

Intra Pred.

Rec. Buffer

110

146
yan 220—.'\&; REC

128

MC |—e
i
Ref. Pic.
134
Buffer N 1°

C

126 124

Loop
filter

130

Fig. 2



WO 2016/206590 3/5 PCT/CN2016/086808

7




WO 2016/206590 4/5 PCT/CN2016/086808

Receiving input data associated with a current TU in 610
(transform unit) corresponding to a block of a current
picture

y

Determining a CG (coding group) size, where the
CG size is adaptively determined based on the _f_ 620
current TU, and the current TU is divided into one or
more current CGs (coding groups) according to the
CG size

v

Encoding or decoding bins associated with
coefficients of the current TU according to a _f_ 630
selected CG scan path through the current TU and
one or more coefficient scan paths within each
current CG

Iig. 6




WO 2016/206590 5/5 PCT/CN2016/086808

Receiving input data associated with a current TU In 710
(transform unit) corresponding to a block of a current
picture

v

Encoding or decoding all bypass-coded bins
associated with coefficients in current CGs (coding
groups) of the current TU without any context-coded
bin associated with coefficient using a first individual S 720
CG (coding group) scan path through the current
TU, wherein all bypass-coded bins associated with
the coefficients of the current TU are determined
using one or more first coefficient scan paths within
each current CG

Fig. 7




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2016/086808

A,

CLASSIFICATION OF SUBJECT MATTER

HO4N 19/18(2014.01)i; HO4N 19/176(2014.01)i; HO4N 19/13(2014.01)i

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

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4AN

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

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

CNKLCNPAT,WPLEPODOC: CG, coding group, coefficient group, TU, transform unit, scan, square, size, bypass, group,

together, HEVC, encod+, decod+.

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Vol. 22, No. 12, 31 December 2012 (2012-12-31),
page 1767, Fig.1-2

Joel Sole et al. "Transform Coefficient Coding in HEVC"
IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY,

1-24

the whole document

CN 104221288 A (CANON KK) 17 December 2014 (2014-12-17)

the whole document

US 2013272424 A1 (QUALCOMM INCORPORATED) 17 October 2013 (2013-10-17)

the whole document

US 2014307800 A1 (QUALCOMM INCORPORATED) 16 October 2014 (2014-10-16)

the whole document

CN 103636208 A (QUALCOMM INCORPORATED) 12 March 2014 (2014-03-12)

I:l Further documents are listed in the continuation of Box C.

See patent family annex.

*

NG

“R»

“»

“Q

“p»

Special categories of cited documents:

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

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

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

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

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

“

“x»

“y»

“ &

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

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

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

document member of the same patent family

Date of the actual completion of the international search

09 September 2016

Date of mailing of the international search report

27 September 2016

Name and mailing address of the [SA/CN

STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451

Authorized officer

JIN,Xiaocong

Telephone No. (86-10)62413230

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2016/086808
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 104221288 A 17 December 2014 RU 2014141168 A 10 June 2016
JpP 2015516745 A 11 June 2015
KR 20140126370 A 30 October 2014
[N 2015078443 Al 19 March 2015
AU 2012202182 Al 31 October 2013
WO 2013152401 Al 17 October 2013
EP 2837185 Al 18 February 2015
us 2013272424 Al 17 October 2013 WO 2013158629 Al 24 October 2013
WO 2014005092 Al 03 January 2014
™ 201408076 A 16 February 2014
[N 2014003530 Al 02 January 2014
[N 2014307800 Al 16 October 2014 EP 2984830 A2 17 February 2016
™ 201445979 A 01 December 2014
KR 20150139888 A 14 December 2015
WO 2014169199 A2 16 October 2014
CN 105191307 A 23 December 2015
JpP 2016515786 A 30 May 2016
CA 2913797 Al 15 January 2015
[N 2015016537 Al 15 January 2015
WO 2015006602 A2 15 January 2015
™ 201513639 A 01 April 2015
KR 20160032119 23 March 2016
CN 105474641 A 06 April 2016
EP 3020187 A2 18 May 2016
CN 103636208 A 12 March 2014 Jp 2014521255 A 25 August 2014
WO 2013006446 Al 10 January 2013
[N 2013064294 Al 14 March 2013
KR 20140028118 A 07 March 2014
EP 2727350 Al 07 May 2014

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

