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(57) Abstract: The present disclosure discloses a video decoding method, including: parsing a received bitstream to obtain prediction
information of a CU; obtaining a target transform mode of a residual TU; parsing the received bitstream to obtain transform coefficients
of the residual TU; applying an inverse quantization to the transform coefficients of the residual TU to obtain dequantized coefficients;
applying, based on the target transform mode, an inverse transform to the dequantized coefficients to obtain a residual block of the
residual TU; obtaining a prediction block of the CU based on the prediction information; and obtaining a video block based on the
residual block and the prediction block; and outputting a video sequence, the video sequence including a video frame that includes

the video block.
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ENCODING METHOD AND APPARATUS

16061 This application claims priority to United States of America Patent
Application No.62/634,613, filed with the United States of America Patent Office on
Febraary 23, 2018, United States of America Patent Application No.62/678,738, filed
with the United States of America Patent Office on May 31, 2018, United States of
Amwmerica Patent Application No.62/572,987, filed with the United States of America
Patent Office on October 16, 2017, PCT/CN2018/102524, filed with China Patent
Office on August 27, 2018, and PCT/CN2018/109254, filed with China Patent Office
on October 06, 2018. The disclosures of the aforementioned applications are hereby

incorporated by reference in their entirctics.

TECHNICAL FIELD

18602} The present invention relates to the communications field, and in particular,

to an encoding method and apparatus.

BACKGROUND

18603} The amount of video data needed to depict even a relatively short video
can be substantial, which may result in difficulties when the data is to be streamed or
otherwise communicated across a communications network with limited bandwidth
capacity. Thus, video data is generally compressed before being communicated across
modern day telecommunications networks, The size of a video could also be an issue
when the video is stored on a storage device because memory resources may be
Hmited. Video compression devices often use software and/or hardware at the source
to code the video data prior to transmission or storage, thereby decreasing the guantity
of data nceded to represent digital video images. The compressed data is then received
at the destination by a video decompression device that decodes the video data.

106684 With limited network resources and ever increasing demands of higher
video guality, improved compression and decompression techniques that improve

compression ratio with little to no sacrifice in image quality are desirable.
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SUMMARY

10665 Embodiments of the present invention provide an encoding method and
apparatus, which can perform proper quantization bit allocation for spectral
cocfficients of an andio signal, thereby improving guality of a signal obtained by a
decoder by means of decoding.

10666] To achieve the foregoing objective, the following technical solutions are
psed i the embodiments of the present invention:

[G667] According to a first aspect, an embodiment of the present invention
provides a video decoding method, mchuding: parsing a received bitstream to obtain
prediction information of a coding unit (CU); when the CU has only one residual
transtorm unit (TU) and a size of the residual TU is less than a size of the CU,
obtaining a target transform mode of the residual TU; wherein the target transform
mode specifies a TU partitioning mode of the CU, the position of the residual TU, and
a transform type set of the residual TU; obtaining a transform type of the residual TU
from the transform type set; parsing the received bitstream to obtain transform
coefficients of the residual TU; applying an inverse guantization to the transform
cocfficients of the residual TU to obtain degunantized coefficients; applying, based on
the transform type of the residaal TU (or based on the TU partitioning mode of the
CU, the position of the residual TU and the transform type of the residual TU) , an
inverse transform to the dequantized cocfficients to obtain a residual block of the
restdual TU; obtaining a prediction block of the CU based on the prediction
mformation; obtaining a video block based on the residual block and the prediction
block; and outputting a video sequence, the video sequence inchiding a video frame
that inclades the video block.

10088] Because the target transform mode can specify the TU partitioning mode
of the CU, the position of the residual TU, and the transform type of the residual, so
that not only the decoding efficiency can be improved, but also the decoding quality
can be wtmproved; and for the target transform mode it can specify the above
imformation, thus can reduce the bits needed for transmitiing the above mformation,
so as to save the transmitting resource, e.g., bandwidth, for transmitting the encoded
audio data,

In a possible implementation manner of the first aspect, wherein N transform modes

correspond to a transform type set, wherein the transform type set includes two or
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more transform types or the transform type set includes one or more transform types.
In a possible implementation mwanner of the first aspect, wherein the transform type
set of cach transform mode includes four transform types, as follows:

~r
/
i

transform type 1: a horizontal transform of the residoal TU is DST-7 and a vertical

transform of the residual TU is DST-7, denoted as DST-7/DST-7;

o

transform type 2: a horizontal transform of the residual TU i3 DST-7 and a vertical
transform of the residual TU is DCT-8, denoted as DST-7/DCT-8;
transform type 3: a horizontal transform of the residual TU is DCT-§ and a vertical
transform of the residual TU s DST-7, denoted as DCT-8/DST-7;
10 transtorm type 4: a horizontal transform of the residual TU 15 DCT-8 and a vertical
transform of the residual TU is DCT-8, denoted as DCT-8/DCT-R,
In alterative implementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another possible implementation manner of the first aspect, wherein N transform
15 modes correspond to a transforra type set, wherein the transform type set includes two
or more transform types or the transform type set inclades one or more transform
types.
In a possible implementation manner of the first aspect, wherein the transform type
set of each transform mode inchides four transform types, as follows:
20 transform type 1 a horizontal transform of the residual TU is DST4 and a vertical
transform of the residual TU s DS8T-4, denoted as DST-4/DST-4;
transform type 2: a horizontal transform of the residual TU is DST-4 and a vertical
transform of the residual TU is DCT-4, denoted as DST-4/DCT-4;
transtorm type 3: a horizoutal transform of the residual TU is DCT-4 and a vertical

transform of the residual TU is DST-4, denoted as DCT-4/DST-4;

[\
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transform type 4: a horizontal transform of the residual TU is DCT-4 and a vertical

transform of the residual TU is DCT-4, denoted as DCT-4/DCT-4.

In a possible implementation manner of the first aspect, wherein N transform modes
30 correspond to N transform type sets; wherein N >=1 and N 15 a positive integer;
wherein cach transform type set includes two or more transform types or each

transtorm type set includes one or more transform types.

In a possible implementation manner of the first aspect, if the transform type set

3



WO 2019/076206 PCT/CN2018/109361

includes two or more transform types, the step of obtaining a transform type of the
residual TU from the transform type set, comprises:

selecting a transform type of the residual TU from the transform type sct.

o

In a possible implementation manner of the first aspect, the method further comprises:
parsing indication information froro the bitstream, wherein the indication information
indicates a transform type of the residual TU;

the step of obtaining a transform type of the residual TU from the transform type set,
COMIPriSes:

10 determining a transtorm type of the residual TU from the transform type set based on

the indication information parsed from the bitstream.

In a possible implementation manner of the first aspect, wherein if the transform type

set of the residual TU includes a first transform type and a second transform type, the
15 second transform type is dependent from the first transform type; or

if the transform type set of the residual TU includes a first transform type and a

second transform type, the second transform type i independent from the first

transform type or the second transtorm type is a unified transform type.

20 In a possible implementation manner of the first aspect, wherein the second transform
type is a unified transform type being a horizontal transform of the residual TU is
DCT-2 and a vertical transform of the residual TU s DCT-2, denoted as
DCT-2/DCT-2.

10089] In a first possible implementation manner of the first aspect, the size of the

[\
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CU is denoted by WxH; wherein the target transform mode of the residual TU is one
of the following modes:

transform mode QO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 4 TUs of size (W/2)<{H/2), the position of the residual
TU is top-left, and the transform type is selected from a transform type set; the
30 transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU is DCT-8 and a vertical transform of the
residual TU 15 DCT-8; a second transform type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU is DST-7;

transform mode Q1, which specifies that the TU partitioning mode of the
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CU is to partition the CU into 4 TUs of size (W/2)x(H/2}, the position of the residual
TU is top-right, and the transform type is selected frorn a transform type set; the
transform type set includes two transform types, wherein a first transform type is that

a horizontal transform of the residoal TU is DST-7 and a vertical transform of the

o

residual TU is DCT-8; a second transform type is that a horizontal transform of the
reswdual TU is DCT-8 and a vertical transform of the residual TU is DST-7;
transform mode Q2, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual
TU i3 bottom-left, and the transform type is selected from a transform type set; the
10 transtorm type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU s DCT-8 and a vertical transform of the
residual TU is DST-7; a second transform type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU s DCT-R;
transform mode Q3, which specifies that the TU partitioning mode of the
15 CU is to partition the CU mto 4 TUs of size (W/2)<(H/2), the position of the residual
TU is bottomw-right, and the transform type is selected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU is DST-7 and a vertical transtorm of the
residual TU is DST-7; a second transforro type is that a horizontal transform of the
20 residual TU is DCT-8 and a vertical transform of the residual TU is DCT-8;
transform mode QHO, which specifies that the TU partitioning mode of the
CU i3 to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a

size of Wx(H/2), the position of the residual TU is top-lefi, and the transform type is

[\
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selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-8 and a vertical transform of the residual TU is DCT-8; a second transform
type is that a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU is DST-7;

30 transform mode QH1, which specifies that the TU partitioning mode of the
CU i3 to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a
size of Wx{H/2), the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform

5
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types, wherein a first transform type is that a horizontal transform of the residual TU
is BST-7 and a vertical transform of the residual TU 1s DCT-R; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical

transform of the residual TU is DST-7;

o

transform mode QHZ, which specifies that the TU partitioning mode of the

CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom

and have a size of (W/2)x(H/2}, and the other TU of the 3TUs is in the top and has a

size of Wx(H/2), the position of the residual TU is bottom-lefi, and the transtorm type

is selected from a transform type set; the transform type set includes two transform

10 types, wherein a first transform type is that a horizontal transform of the residual TU

is BCT-8 and a vertical transform of the residual TU is DST-7; a second transform

type is that a horizontal transform of the residual TU is DST-7 and a wvertical

transform of the residual TU 1s DCT-8;

transform mode QH3, which specifies that the TU partitioning mode of the

15 CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom

and have a size of (W/2)<(H/2}, and the other TU of the 3TUs is in the top and has a

size of Wx(H/2), the position of the residual TU is bottom-right, and the transform

type is selected from a transform type set; the transform type set includes two

transtorm types, wherein a first transform type is that a horizontal transform of the

20 residual TU is DST-7 and a vertical transform of the residual TU is D8T-7; a second

transform type is that a horizontal transform of the residual TU 1s DCT-8 and a
vertical transform of the residual TU is DCT-8;

transtorm mode QV0, which specifics that the TU partitioning mode of the

CU is to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the left and

[\
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have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size
of (W/2)xH, the position of the residual TU is top-lefl, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is BCT-8 and a vertical transform of the residual TU is DCT-§; a second transform
30 type is that a horizontal transform of the residual TU 15 DST-7 and a vertical
transform of the residual TU is DRT-7;

transtorm mode QV 1, which specifics that the TU partitioning mode of the
CU 1s to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and

have a size of (W/2)x{(H/2), and the other TU of the 3TUs is in the left and has a size

6
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of {(W/2}<H, the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-7 and a vertical transform of the residual TU 13 DCT-8; a second transform

o

type is that a horizontal transtorm of the residual TU is DCT-8 and a vertical
transtorm of the residual TU is DST-7;
transform mode QV2, which specifies that the TU partitioning mode of the
CU 1s to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the left and
bave a size of (W/2)=(H/2), and the other TU of the 3TUs is in the right and has a size
10 of (W/2)xH, the position of the residual TU is bottom-left, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-R and a vertical transform of the residual TU is DST-7: a second transform
type is that a horizontal transform of the residual TU is DST-7 and a vertical
15 transform of the residual TU is DCT-8;
transform mode QV3, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and
have a size of (W/2}x(H/2), and the other TU of the 3TUs is in the left and has a size
of (W/2)xH, the position of the residual TU is bottom-right, and the transform type is
20 selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
ts D8T-7 and a vertical transform of the residual TU is DST-7; a second transform
type is that a horizontal transform of the residual TU 15 DCT-8 and a vertical

transtorm of the residual TU is DCT-8;

[\
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transform mode HQO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a top TU is smaller than a size
of a bottom TU, the position of the residual TU is top, and the transform type is
sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
30 18 DST-7 or DCT-2, and a vertical transform of the residual TU is DCT-8; a sccond
transform type is that a horizontal transform of the residual TU s DCT-8 or DCT-2,
and a vertical transform of the residual TU is DST-7;

transform mode HQ1, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 2 TUs, wherein a size of a bottom TU is smaller than a

=
/
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size of a top TU, the position of the residual TU is bottom, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-7 or DCT-2, and a vertical transform of the residual TU 1s DST-7; a second

o

transform type is that a horizontal transform of the residual TU is DCT-8 or DCT-2
and a vertical transform of the residual TU is DCT-8;
transform mode V0, which specifies that the TU partitioning mode of the

CU is to partition the CU into 2 TUs, wherein a size of a left TU 1s smaller than a size

of a right TU, the position of the residnal TU is left, and the transform type is selected

10 from a transform typc sect; the transform type sct includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DCT-8 and a vertical transform of the residual TU is DST-7 or DCT-2; a second
transform type is that a horizonial transform of the residual TU s DST-7, and a
vertical transform of the residual TU is DCT-8 or DCT-2;

15 transform mode VQ1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a right TU i3 smaller than a
size of a left TU, the position of the residual TU is right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, whereina first transform type is that a horizontal transform of the residual TU is

20 DST-7 and a vertical transform of the residual TU is DRT-7 or DCT-2; a second

transform type is that a horizontal transform of the residual TU 1s DCT-8 and a

vertical transform of the residual TU is DCT-8 or BCT-2;

transtorm mode HHO, which specifies that the TU partitioning mode of the

CU is to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a

[\
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bottom TU, the position of the residual TU is top, and the transform type is selected
from a transform type set; the transform type set inchudes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-7 or DCT-2, and a vertical transform of the residual TU is DCT-8; a second
transform type is that a horizontal transform of the residual TU s DCT-8 or DCT-2
30 and a vertical transform of the residual TU is DST-7;

transform mode HH1, which specifies that the TU partitioning mode of the
CU s to partition the CU into 2 TUs, wherein a size of a top TU 1s equal to a size of a
bottom TU, the position of the residual TU is bottom, and the transform type is
selected from a transform type set; the transform type set includes two transform

8
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types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 or DCT-2, and a vertical transform of the residual TU 18 DRT-7; a second
transform type is that @ horizontal transform of the residual TU is DCT-8 or DCT-2

and a vertical transform of the residual TU is DCT-§;

o

transform mode HH2, which specifies that the TU partitioning mode of the

CU is to partition the CU into 3 TUs, wherein a size of a top TU is equal to a size of a

bottom TU, and the size of the top TU is less than a size of a center TU, the position

of the residual TU is center, and the transform type is selected from a transform type

set; the transform type set inclades two transform types, wherein a first transform type

10 is that a horizontal transform of the residual TU is DST-7 and a vertical transform of

the residual TU is DCT-2; a second transform type is that a horizontal transform of the

residual TU is DCT-8 and a wvertical transform of the residual TU is DCT-2; or

wherein a first transform type is that a horizontal transform of the residual TU is

DST-7 and a vertical transform of the residual TU is DST-1; a second transform type

15 is that a horizontal transforro of the residual TU is DCT-8 and a vertical transform of
the residual TU is D8T-1;

transform mode VHO, which specifies that the TU partitioning mode of the

CU is to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a

right TU, the position of the residual TU is lefl, and the travsform type is selected

20 from a transform type set; the transform type set includes two transform types,

wherein a first transform type is that a horizontal transform of the residual TU 1s

DOCT-8 and a vertical transform of the residual TU s DST-7 or DCT-2; a second

transtorm type is that a horizontal transform of the residual TU is DST-7 and a

vertical transform of the residopal TU is DCT-8 or DCT-2,

[\
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transform mode VH1, which specifies that the TU partitioning mode of the
CU is to partition the CU mnto 2 TUs, wherein a size of a left TU is equal to a size of a
right TU, the position of the residnal TU is right, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
30 DST-7 and a vertical transform of the residual TU s DST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU i3 DCT-8 and a
vertical transform of the residual TU 18 BCT-8 or DCT-2; or

transform mode VH2 transform mode HHZ, which specifies that the TU
partitioning mode of the CU is to partition the CU into 3 TUs, wherein a size of a left

9
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TU is equal to a size of a right TU and the size of the left TU is less than a size of a
center TU, the position of the residaal TU is center, and the transform type s selected
from a transform type set; the transform type set includes two transform types,

wherein a first transform type is that a horizontal transform of the residual TU is

N

N
)
>
NS
=
b
a.
e
«:
<
&
=
o=
o
e
2.
=
&
.
w2
By
o
o
=
o
oy
ot .
o
oD
~
5
[v43
Al
o
@
=
[—

is that a horizontal transform of the residual TU is DCT-2 and a vertical transform of

the residual TU is DCT-8; or wherein first transform type is that a horizontal

transform of the residual TU is DST-1 and a vertical transtorm of the residual TU is

DST-7; a second transform type is that a horizontal transform of the residoal TU is
10 DST-1 and a vertical transform of the residual TU 1s DCT-8.

In alterative implementation manner, DST-7 may be replaced with DST-4,
and DCT-8 may be replaced with DCT-4 throughout the present disclosure.
Accordingly, in another first possible implementation manner of the first aspect, the
size of the CU is denoted by WxH; wherein the target transform mode of the residual

15 TU is one of the following modes:

transform mode (0, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 4 TUs of size (W/2yx(H/2), the position of the residual
TU is top-left, and the transform type is selected from a transform type set; the
transform type set includes two transforro types, wherein a first transform type is that

20 a horizontal transform of the residual TU s DCT-4 and a vertical transform of the
residual TU is DCT-4; a second transform type is that a horizontal transform of the
residual TU is DST-4 and a vertical transform of the residual TU is D8T-4:

transtorm mode 1, which specifics that the TU partitioning modc of the

CU 1is to partition the CU mto 4 TUs of size (W/2)<(H/2), the position of the residual
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TU s top-right, and the transform type is selected from a transform type set; the
transform type set includes two transform types, wherein a first transform type s that
a horizontal transform of the residual TU is DST-4 and a vertical transtorm of the
residual TU 1s DCT-4; a second transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transform of the residual TU is DST-4;

30 transform mode Q2, which specifies that the TU partitioning mode of the
CU is to partition the CU into 4 TUs of size (W/2)x(H/2}, the position of the residnal
TU is bottom-left, and the transtorm type is sclected from a transtorm type set; the
transform type set inchudes two transform types, wherein a first transform type is that

a horizontal transform of the residual TU is DCT-4 and a vertical transform of the
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residual TU is DST-4; a second transform type is that a horizontal transform of the
reswdual TU is DST-4 and a vertical transform of the residual TU 1s DCT-4;
transform mode Q3, which specifies that the TU partitioning mode of the

CU is to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual

o

TU is bottom-right, and the transform type is selected from a transform type set; the
transform type set includes two transforro types, wherein a first transform type is that
a horizontal transform of the residual TU is DST-4 and a vertical transform of the
residual TU s DST-4; a sccond transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transform of the residual TU s BUT-4;
10 transtorm mode QHO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a
size of Wx(H/2), the position of the residual TU is top-left, and the transform type is
selected from a transform type set; the transform type set includes two transform
15 types, wherein a first transform type is that a horizontal transform of the residual TU
is BCT-4 and a vertical transform of the residual TU is DCT-4; a second transform
type is that a horizontal transform of the residual TU 15 DST-4 and a wvertical
transform of the residual TU is DST-4;
transform mode QH1, which specifies that the TU partitioning mode of the
20 CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and
have a size of (W/2yx(H/2), and the other TU of the 3TUs is in the bottom and has a
size of Wx{H/2), the position of the residual TU is top-right, and the transform type is
sclected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transtform of the residual TU
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is DST-4 and a vertical transform of the residual TU is DCT-4; a second transform
type is that a horizontal transform of the residual TU is DCT-4 and a vertical
transform of the residual TU is DST-4;

transtorm mode QH2, which specifics that the TU partitioning mode of the
CU is to partition the CU mmto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom
30 and have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the top and has a
size of Wx{H/2), the position of the residual TU is bottom-left, and the transform type
is sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-4 and a vertical transform of the residual TU is DST-4; a second transform

il
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type is that a horizontal transform of the residual TU s DST-4 and a vertical
transform of the residual TU is DCT-4;
transform mode QH3, which specifies that the TU partitioning mode of the

CU 1s to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom

o

and have a size of (W/2)<(H/2), and the other TU of the 3TUs is in the top and has a
size of Wx(H/2), the position of the residaal TU is bottom-right, and the travsform
type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transtorm type is that a horizontal transform of the
residual TU is DST-4 and a vertical transform of the residual TU is BST-4; a second
10 transtorm type is that a horizontal transform of the residual TU 1s DCT-4 and a

vertical transform of the resideal TU i3 BUT-4;
transform mode QVO0, which specifies that the TU partitioning mode of the
CU is to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the left and
have a size of (W/2)<(H/2), and the other TU of the 3TUs is in the right and has a size
15 of (W/2yxH, the position of the residual TU is top-lefl, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-4 and a vertical transform of the residual TU is DCT-4; a second transform
type is that a horizontal transform of the residual TU is DST-4 and a vertical

20 transform of the residual TU is DST-4;

transform mode QV1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the left and has a size

of (W/2)<H, the position of the residaal TU is top-right, and the transform type is
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selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-4 and a vertical transform of the residual TU is DCT-4; a second transform
type is that a horizontal transform of the residual TU i3 DCT-4 and a vertical
transform of the residual TU is DST-4;

30 transform mode QV2, which specifies that the TU partitioning mode of the
CU is to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the left and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size
of {W/2)xH, the position of the residual TU is bottom-left, and the transform type is
selected from a transform type set; the transform type set includes two transform
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types, wherein a first transform type is that a horizontal transform of the residual TU
is BCT-4 and a vertical transform of the residual TU is DST-4; a second transform
type is that a horizontal transform of the residual TU 15 DST-4 and a wvertical

transform of the residual TU is DCT-4;

o

transform mode QV3, which specifies that the TU partitioning mode of the

CU 1s to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the right and

have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the left and has a size

of (W/2)<H, the position of the residual TU is bottom-right, and the transform type is

selected from a transform type set; the transform type set includes two transform

10 types, wherein a first transform type is that a horizontal transform of the residual TU

is BST-4 and a vertical transform of the residual TU is DST-4; a second transform

type is that a horizontal transform of the residual TU is DCT4 and a vertical

transform of the residual TU 1s DCT-4;

transform mode HQO, which specifies that the TU partitioning mode of the

15 CU s to partition the CU into 2 TUs, wherein a size of a top TU is smaller than a size

of a bottom TU, the position of the residual TU is top, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-4 or BCT-2, and a vertical transform of the residual TU is DCT-4; a second

20 transform type is that a horizontal transform of the residual TU is DCT4 or DCT-2,
and a vertical transform of the residual TU 1s DST-4;

transform mode HQ1, which specifies that the TU partitioning mode of the

CU 1s to partition the CU into 2 TUs, wherein a size of a bottom TU is smaller than a

size of a top TU, the position of the residual TU is bottom, and the transforro type is
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selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is D8T-4 or DCT-2, and a vertical transform of the residual TU is DST-4; a second
transtorm type is that a horizontal transform of the residual TU s DCT-4 or DCT-2
and a vertical transform of the residual TU is DCT-4;

30 transform mode VQO0, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size
of a right TU, the position of the residual TU is left, and the transform type is selected
from a transform type set; the transform type set includes two transform types,

wherein a first transform type is that a horizontal transform of the residual TU is
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DCT-4 and a vertical transform of the residual TU is DST-4 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DST-4, and a
vertical transform of the residual TU is DCT-4 or DCT-2;

transform mode VQ1, which specifies that the TU partitioning mode of the

o

CU is to partition the CU into 2 TUs, wherein a size of a right TU is smaller than a
size of a left TU, the position of the residual TU 15 right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, whereina first transform type is that a horizontal transform of the residual TU is
D84 and a vertical transform of the residual TU is D8T-4 or DCT-2; a second
10 transtorm type is that a horizontal transform of the residual TU 1s DCT-4 and a
vertical transform of the residual TU is DCT-4 or DCT-2;
transform mode HHO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a top TU 1s equal to a size of a
bottom TU, the position of the residual TU is top, and the transform type is selected
15 from a transform type set; the transform type set includes two travsform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 or DCT-2, and a vertical transform of the residual TU 18 DCT-4; a second
transform type is that a horizontal transform of the residual TU is DCT-4 or DCT-2
and a vertical transform of the residual TU is DST-4;
20 transform mode HH 1, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottomy TU, the position of the residual TU is bottom, and the transform type is
sclected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transtform of the residual TU
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is DS8T-4 or DCT-2, and a vertical transform of the residual TU is DST-4; a second
transform type is that a horizontal transform of the residual TU is DCT4 or DCT-2
and a vertical transform ot the residual TU is DCT-4;

transtorm mode HH2, which specifics that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein a size of a top TU is equal to a size of a
30 bottom TU, and the size of the top TU 1s less than a size of a center TU, the position
of the residual TU is center, and the transform type is selected from a transform type
set; the transform type set includes two transform types, wherein a first transform type
is that a horizontal transform of the residual TU is DST-4 and a vertical transform of

the residual TU is DCT-2; a sccond transform type 1s that a horizontal transform of the
7!

i4



WO 2019/076206 PCT/CN2018/109361

residual TU is DCT-4 and a wvertical transform of the residual TU is DCT-2; or
wherein a first transform type s that a horizountal transform of the residual TU is
DST-4 and a vertical transform of the residual TU s DST-1; wherein a second

transform type is that a second transform type is that a horizontal travsform of the

o

residual TU is DCT-4 and a vertical transform of the residual TU is DST-1;
transform mode VHO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a
right TU, the position of the residual TU is lefl, and the transform type s selected
from a transform type set; the transform type set inclndes two transform types,
10 wherein a first transform type is that a horizontal transform of the residual TU is
DCT-4 and a vertical transform of the residual TU is DST-4 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DST-4 and a
vertical transform of the residual TU is DCT-4 or DCT-2.
transform mode VHI, which specifies that the TU partitioning mode of the
15 CU s to partition the CU into 2 TUs, wherein a size of a left TU 1s equal to a size of a
right TU, the position of the residual TU is right, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 and a vertical transform of the residual TU 18 BST-4 or DCT-2; a second
20 transform type is that a horizontal transform of the residual TU s DCT4 and a
vertical transform of the residual TU is DCT-4 or DCT-2; or
transform mode VHZ transform mode HH2, which specifies that the TU
partitioning mode of the CU is to partition the CU mto 3 TUs, wherein a size of a left

TU 1s equal to a size of a right TU and the size of the left TU is less than a size of a
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center TU, the position of the residual TU is center, and the transform type is selected
from a transform type set; the transform type set inchudes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DCT-2 and a vertical transform of the residual TU 1s DST-4; a second transform type
is that a horizontal transform of the residual TU is DCT-2 and a vertical transform of
30 the residual TU is DCT-4; or wherein first transform type is that a horizontal
transform of the residual TU is DS8T-1 and a vertical transform of the residual TU is
DST-4; a second transform type is that a horizontal transform of the residual TU is

DST-1 and a vertical transform of the residual TU is DCT4,
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For another example, the transform type set of cach transform mode may
contain four transform types:
type 1: a horizontal transtorm of the residual TU is DST-7 and a vertical transform of

the residual TU is DST-7, denoted as DST-7/BST-7;

o

type 2: a horizontal transform of the residual TU is DST-7 and a vertical transform of
the residual TU 18 DCT-R, denoted as DST-7/DCT-8;
type 3: a horizontal transform of the residual TU is DCT-8 and a vertical transform of
the residual TU is DST-7, denoted as DCT-8/DST-7;
type 4: a horizontal transform of the residual TU is DUT-8 and a vertical transform of

10 the residual TU is DCT-R, denoted as DCT-8/DCT-S.

In alterative implementation manner, DST-7 may be replaced with DST-4,
and DCT-8 may be replaced with DCT-4 throughout the present disclosare.
Accordingly, For another example, the transform type set of each transform: mode

15 may contam four transforro types:
type 1: a horizontal transform of the residual TU is DS8T-4 and a vertical transform of
the residual TU is DST-4, denoted as DST-4/DST-4;
type 2: a horizontal transform of the residual TU is DST-4 and a vertical transform of
the residual TU 18 BCT-4, denoted as DST-4/DCT-4;

20 type 3: a horizontal transform of the residoal TU is DCT-4 and a vertical transform of
the residual TU is DST-4, denoted as DCT-4/DST-4;
type 4: a horizontal transform of the residual TU is DUT-4 and a vertical transform of

the residual TU 1s DCT-4, denoted as DCT-4/DCT-4.
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The transform type of the residual TU is signaled in bitstream. The
mndication mformation (such as an index or one or more flags) s signaled to mdicate
which one of the plurality of transform types is used for the residual TU. When a
transtorm type sct contains 2 transform types, one flag is signaled to indicate which
one of the 2 transform types is used for the residual TU. When a transform type set
30 contains 4 transform types, an index is signaled to indicate which one of the 4
transform types is used for the residual TU, and the index may be coded by 2 bins or
by truncated unary code. For example, if the quantity of transform types is more than
two, two flags may be used to indicate which one of the plarality of transform types is
used for the residual TU, ¢.g. onc flag indicates a horizontal transform type of the
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residual TU; and another flag indicates a vertical transform type of the residual TU; in
other words, a first flag indicates which one of the plurality of horizontal transform
types is used for the residual TU and a second flag indicates which one of the plurality

of vertical transform types is used for the residual TU.

o

10610} With reference to the first aspect or the first possible implementation
manner of the first aspect, in a second possible implementation manner, wherein
obtaining the target transformy mode of the residual TU comprises: parsing the
bitstream to obtain a mode index for indicating the target transforrmn mode of the
residual TU; and obtaining the target transform mode of the residual TU based on the
10 mode index.
16611} The target transform mode can be indexed by the mode index, thus the
decoding efficiency can be improved for only one index needed to be obtained.
19612} With reference to the second possible implementation manner of the first
aspect, in a third possible implementation manner, wherein before parsing the
15 bitstrearn to obtain a mode index for indicating the target transform mode of the
restdual TU, the method further comprising: determining candidate target transform
modes of the residual TU based on a size of the CU; wherein the parsing the bitstream
to obtain a mode index for indicating the target transform mode of the residual TU
comprises: parsing, based ou the candidate target transform modes of the residual TU,
20 the bitstream to obtain a mode index for indicating the target transform mode of the
residual TU.
18613} Determine the candidate target transform modes can reduce the quantity of
candidate target transform modes for the residual TU, so that reduce the bits needed

for transmitiing the mode index.
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(6614} With reference to the third possible implementation manner of the first
aspect, in a fourth possible implementation manver, wherein the determining
candidate target transtorm modes of the residual TU based on a size of the CU
comprises at least one of the following:

when a width of the CU is in the range of [Thix2, Th3] and a height of the
30 CU is in the range of [Thix2, Th3], the candidate target transform modes comprise
transform mode QO, transform mode Q1, transform mode Q2 and transform mode Q3;

when a width of the CU is in the range of [Thix4, Th3] and a height of the
CU s in the range of [Thi, Th2], the candidate target transform modes comprise
transform mode VQO, transform mode VQ1 and transform mode VHZ;

b
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when a width of the CU is in the range of [ Th1x2, Th2] and a height of the
CU 1s in the range of [Thi, Th2], the candidate target transtform modes comprise
transform mode VHO and transform mode VHI;

when a height of the CU is in the range of [Th1x4, Th3] and a width of'the

o

CU is in the range of [Thl, ThZ], the candidate target transform modes comprise
transform mode HQO, transform mode HQT and transform mode HH2;
when a height of the CU is in the range of [Th1x2, Th2] and a width of the

CU 15 in the range of [Thl, Th2], the candidate target transform modes comprise

transform mode HHO and transform mode HH1;

10 when a width of the CU is in the range of [Thix2, Th2} and a height of the
CU is in the range of [Thix2, Th2], the candidate target transform modes comprise
mode transform mede QO, transform mode Q1, transform mode Q2 and transform
mwode Q3;

when a width of the CU is in the range of [ Thix4, Th2] and a height of the

15 CU 1s in the range of [Thi, Th2}, the candidate target transtform modes comprise

transform mode VGO0, transform mode V@1 and transform mode VHZ;

when a width of the CU 1s in the range of [Thix2, Th2] and a height of the
CU is in the range of [Thl, ThZ], the candidate target transform modes comprise
transform mode VHO and transform mode VHI;

20 when a height of the CU is in the range of [Th1x4, Th2] and a width of the

CU 15 in the range of [Thl, Th2], the candidate target transform modes comprise

transform mode HQO, transform mode HQ1 and transform mode HH2; or

when a height of the CU is in the range of [Th1x2, Th2] and a width of the

CU 1s in the range of [Thi, Th2], the candidate target transtform modes comprise
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transform mode HHO and transform mode HHI,;
wherein Thi, Th2 and Th3 are pre-defined integer values,

10615 With reference to the first aspect or the first possible implementation
manner of the first aspect, in & fifth possible implementation manner, wherein
obtaining the target transformy mode of the residual TU comprises: parsing the
30 bitstream to obtain a group index for indicating which mode group of the target
transform wode belongs to; parsing the bitstream to obtain a mode index for
indicating the target transform mode in the mode group; and obtaining the target
transform mode based on the group index and the mode index.

{0016} The transform modes are pre-grouped, thus can reduce the quantity of the
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transform modes suitable for one CU, not only can improve the decoding efficiency
but also can save transmitting resource,

(0617} With reference to the fifth possible implementation manner of the first
aspect, in a sixth possible implementation roanoer, wherein the target transform mode
belongs to any mode group as following:

a mode group cowmprises transform mode HHO, transforrn mwode HHI,
transform mode HH2, transform mode VHO, transform mode VHI1 and transform
mode VHZ;

a mode group comprises transform mode QO, transform mode (1,
transform mode Q2, transform mode Q3, transform mode HQO, transform mode HQI,
transform mode VQO0, and transform mode VQI;

a mode group comprises transform mode HHO, HH1, HH2, VH(, VHI and
VHZ;

a mode group comprises transform mode QO0, transform mode Q1,
transform mode 32, transform mode 33, transform mode HQO, transform mode HOI,
transform mode VQO0, and transform mode VQI;

a mode group comprises transform mode QHO, transform mode QHI,
transform mode QH2, transform mode QH3, transform mode HQO, transform mode
HQ1, transform mode VQU, and transform mode VQ1;

a mode group comprises transform mode QVQ, transform mode Vi,
transform mode QV2, transform mode QV3, transform mode HQO, transform mode
HQ1, transform mode V0, and transform mode V31,

a mode group comprises transform mode QO0, transform mode Qi
transform mode 32, transform mode 33, transform mode HQO, transform mode HOI,
transform mode VQO, transform mode VQ1, transform mode HHO, transform mode
HH 1, transform mode VHO and transform mode VHI;

a mode group comprises transform mode QO0, transform mode Q1,
transform mode Q2, transform mode Q3, transform mode HQO, transform mode HQI,
transform mode VQO, transform mode VQ1, transform mode HHO, transform mode
HHI, transform mode HH2, transform mode VHO, transform mode VHI1 and
transform mode VHZ;

a mode group comprises transform mode QHO, transforrmn mode QHI,
transform mode QH2, transform mode QH3, transform mode HQO, transform mode

HQ1, transform mode VQO, transtorm mode VQ1, transform mode HHO, transform
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mode HHI, transform mode HH2, transform mode VHO, transform mode VHI1 and
transform mode VH2;
a mode group comprises transform mode HHO, transform mode HHI,

transform mode VHD and transform mode VHI;

o

a mode group comprises transform mode QO0, transform mode Q1,
transform mode Q2 and transform mode (3; or
a mode group comprises transform mode HQO, transform mode HQI,
transform mode VQO, and transform mode VQ1.
18618} With reference to the fifth possible implementation manner of the first
10 aspect, in a seventh possible implementation manner, wherein before parsing the
bitstream to obtain a group index for indicating which mode group of the target
transform mode belongs to, the method further comprising: determining at least one
candidate mode groups of the residual TU based on a size of the CU; wherein the
parsing the bitstream to obtain a group index for indicating which mode group of the
15 target transform mode belongs to comprises: parsing, based on the at least one
candidate mode groups of the residual TU, the bitstream to obtain a group index for
ndicating which mode group of the target transform mode belongs to.
10619} Determine the candidate target transform modes can reduce the quantity of
candidate target transform modes for the residual TU, so that reduce the bits needed
20 for transmitting the mode index.
(0020} With reference to the seventh possible implementation manner of the first
aspect, in an eighth possible implementation manner, wherein the determining at least
one candidate mode groups of the residual TU based on a size of the CU comprises at

least one of the following:
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when a width of the CU is in the range of [Thix2, Th3} and a height of the
CU is in the range of [Thix2, Th3], the candidate mode groups comprise a mode
group comprises transform mode QO0, transform mode Q1, transform mode Q2 and
transtorm mode Q3;

when a width of the CU is in the range of [Thix4, Th3] and a height of the
30 CU is in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode VQU, transform mode V1 and transform mode VHZ;

when a width of the CU is in the range of [Thix2, Th2} and a height of the
(U is in the range of [Th1, Th2], the candidate mode groups comprise a mode group

comprises transform mode VHO and transform mode VHI;

20
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when a height of the CU is in the range of [Th1x4, Th3] and a width of the
CU is in the range of [Thl, Th2}, the candidate mode groups comprise a mode group
comprises transform mode HQO, transform mode HQ1 and transform mode HHZ;

when a height of the CU is in the range of [Th1x2, Th2] and a width of'the

o

CU 18 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HHO and transform mode HHI;
when a width of the CU is in the range of [Thix2, Th2} and a height of the
CU is in the range of [Thix2, Th2], the candidatc mode groups comprise a mode
group comprises mode transform mode (30, transform mode Q1, transform mode Q2
10 and transform mode Q3;
when a width of the CU is in the range of [Thix4, Th2] and a height of the
CU is in the range of [Th1, Th2], the candidate mode groups comprise a mode group
comprises transform mode VQO, transform mode VQ1 and transform mode VHZ;
when a width of the CU is in the range of [ Th1x2, Th2] and a height of the
15 CU is in the range of [ Thi, Th2], the candidate mode groups comprise a mode group
comprises transform mode VHO and transform mode VHI;
when a height of the CU is in the range of [Thix4, Th2] and a width of'the
CU 18 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HQO, transform mode HQ1 and transform mode HH2; or
20 when a height of the CU is in the range of [Th1x2, Th2] and a width of the
CU 1s in the range of [Thl, Th2}, the candidate mode groups comprise a mode group
comprises transform mode HHO and transform mode HHI;
wherein Thi, Th2 and Th3 are pre-defined integer values.

10021} With reference to the fourth possible implementation roanner or the eighth
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possible implementation manner of the first aspect, in a ninth possible implementation
manner, wherein Thi 184, 8 or 16; Th2 is 32, 64 or 128; or Th3 is 64, 128 or 256,
106224 With reference to the first aspect or any of the first to the ninth possible
implementation manner of the first aspect, in a tenth possible implementation manner,
wherein before obtaining the target transform mode of the residual TU, the method
30 further comprising: determining, based on the prediction information of the CU,
whether to obtain the target transform mode of the residnal TU.

16623] With reference to the tenth possible implementation manner of the first
aspect, in a eleventh possible implementation manner, wherein the determining, based

on the prediction information of the CU, whether to obtaining the target transform
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mode of the residual TU comprises at least one of the following:
when a prediction roode of the CU is intra prediction mode, determining to
obtain the target transform mode of the residual TU;

when a prediction mode of the CU is inter prediction mode, determining to

o

obtain the target transform mode of the residual TU;

when a prediction method of the CU is a preset positive prediction method,
determining to obtain the target transform mode of the residual TU; or

when a prediction method of the CU is a preset negative prediction method,
determining not to obtain the target transform mode of the residual TU.

10 [0024] With refercnce to the eleventh possible implementation manner of the first
aspect, in a twelfth possible implementation manner, wherein the preset positive
prediction method comprises at least one of the following: a translation model based
motion compensation method; a Merge prediction method; an advanced motion vector
prediction method with 1/4-pel motion vector difference precision; or a Merge

15 prediction method with a merge index smaller than 2.
166G25] With reference to the eleventh or twelfth possible implementation manner
of the first aspect, in a thirteenth possible implementation manner, wherein the preset
negative prediction method comprises at least one of the following: an affine model
based motion compensation method; an affine merge prediction method; an affine

20 inter prediction mode; an advanced motion vector prediction method with T-pel or

4-pel motion vector difference precision; or a Merge prediction method with a merge

index not smaller than 2.

106626} With reference to the first aspect or any one of the first to thirteenth

possible implementation manners of the first aspect, m a fourteenth possible

[\
941

implementation manner, wherein before obtaining the target transform mode of the
residual TU, the method further comprising: determining, based on a size of the CU,
whether to obtain the target transform mode of the residual TU.
16627} With reference to the fourtcenth possible implementation manner of the
first aspect, in a fifteenth possible implementation manuner, the determining, based on
30 a size of the CU, whether to obtain the target transform mode of the residual TU
comprises at least one of the following:

when a width or a height of the CU 1s greater than a preset CU threshold,
determining not to obtain the target transform mode of the residual TU;

when a width or a height of a TU of the CU is less than a preset minimum
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TU threshold, determining not to obtain the target transtorm mode of the residual TU;
or
when a width or a height of a TU of the CU s greater than a preset

maxtmum TU threshold, determining not to obtaim the target transform mode of the

o

residual TU.
10028 With reference to the fifteenth possible implementation manner of the first
aspect, in a sixteenth possible implementation manner, wherein the preset CU
threshold 1s 32 luma pixels, 64 luma pixels or 128 luma pixels; or the preset mintmum
TU threshold is 4 luma pixels, & luma pixels or 16 luma pixels; or the preset
10 maximum TU threshold s 32 luma pixels, 64 luma pixels or 128 luma pixels.
[6629] According to a second aspect, an embodiment of the present invention
provides a video decoder, comprising: an entropy decoding unit, is configured to
parse a received bilstream to obtain prediction information of a coding unit (CU);
obtain a target transform mode of a residual transform unit (TU) when the residual TU
15 is the only residual TU of the CU and a size of the residual TU is less than a size of
the (U, wherein the target transform mode specifies a TU partitioning mode of the
CU, the position of the residual TU, and a transform type set of the residual TU; and
parse the rececived bitstream to obtain transform coefficients of the residnal TU;
wherein the entropy decoding unil is further configared to obtain a transform type of
20 the residual TU from the transform type set; an inverse quantization processing unit,
is configured to apply an mverse quantization to the transform coefficients of the
residual TU to obtain dequantized coefficients; an inverse transform processing unit,
is configured to apply, based on the transform type of the residual TU or based on the

TU partitioning mode of the CU, the position of the residual TU and the transform
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type of the residnal TU, an inverse transform to the dequantized cocfficients to obtain
a residoal block of the residual TU; a prediction processing wuil, is configured to
obtain a prediction block of the CU based on the prediction information; a
reconstruction unit, is configured to obtain a video block based on the residual block
and the prediction block; and an output, is configured to output a video sequence, the
30 wvideo sequence inchiding a video frame that includes the video block.

In a possible ifmplementation manner of the second aspect, wherein N transform
modes correspond to a transtorm type set, wherein the transform type set inchudes two
or more transform types or the transform type set inclades one or more transform

types.
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In a possible implementation manner of the second aspect, wherein the transform type
set of each transform mode inchides four transform types, as follows:

transform type 1: a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU s DST-7, denoted as DST-7/DST-7;

transform type 2: a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU is DCT-8, denoted as DST-7/DCT-8;

transform typee 3: a horizontal transform of the residual TU is DCT-8 and a vertical
transform of the residual TU 1s DST-7, denoted as DCT-8/DST-7;

transform type 4: a horizontal transform of the residual TU is DCT-8 and a vertical

transtorm of the residual TU is DCT-8, denoted as DCT-8/DCT-8.

In alterative implementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in a
possible implementation manner of the second aspect, wherein the transform type set
of each transform mode includes four transform types, as follows:
transform type 1. a horizontal transform of the residual TU is DST-4 and a vertical
transform of the residual TU s DS8T-4, denoted as DST-4/DST-4;
transform type 2: a horizontal transform of the residual TU is DST-4 and a vertical
transtorm of the residual TU is DCT-4, denoted as DST-4/DCT-4;
transform typee 3: a horizontal transform of the residual TU s DCT-4 and a vertical
transform of the residual TU 1s DS8T-4, denoted as DCT-4/DST-4;
transform type 4: a horizontal transform of the residual TU is DCT-4 and a vertical

transform of the residual TU 1s DCT-4, denoted as DCT-4/DCT-4.

In a possible implementation manner of the second aspect, wherein N transform
modes correspond to N transform type sets; wherein N >=1 and N i3 a positive
integer;

wherein cach transform type sct includes two or more transform types or cach

transform type set includes one or more transform types.

In a possible implementation manner of the second aspect, if the transform type set
includes two or more transform types, the step of obtaining a transform type of the
restdual TU from the transform type set, comprises:

selecting a transform type of the residual TU from the transform type sct.
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In a possible mplementation manner of the second aspect, the method further
comprises; parsing indication mformation from the bitstream, wherein the indication
information indicates a transform type of the residual TU;

N

the step of obtaining a transform type of the residual TU from the transform type set,

o

COMprises;
determining a transform type of the residual TU from the transform type set based on

the indication information parsed from the bitstream.

10 In a possible implementation manner of the second aspect, wherein if the transform
type set of the residual TU includes a first transform type and a second transform type,
the second transform type is dependent from the first transform type; or
if the transform type set of the residual TU ioncludes a first transform type and a
second transform type, the second transtorm type is independent from the first

15 transtorm type or the second transform type is a unified transform type.

In a possible implementation manner of the second aspect, wherein the sccond
transform type is a unified transform type being a horizontal transform of the residual
TU 1s DCT-2 and a vertical transform of the residual TU s DCT-2, denoted as

20 DCT-2/DCT-2.

106306} In a first possible implementation manner of the second aspect, the size of
the CU 1s denoted by WxH; wherein the target transform mode of the residual TU 13

one of the following modes:
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transform mode QO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual
TU is top-left, and the transform type is selected from a transform type set; the
transtorm type set includes two transtorm types, wherein a first transtorm type is that
a horizontal transform of the residual TU s DCT-8 and a vertical transform of the
30 residual TU is DCT-8; a second transform type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU is DST-7:

transtorm mode 1, which specifics that the TU partitioning modc of the
(U is to partition the CU into 4 TUs of size (W/2)=(H/2), the position of the residual
TU is top-right, and the transform type is sclected from a transtorm type set; the

~
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transform type set includes two transform types, wherein a first transform type is that
a horizontal transforrn of the residual TU is DST-7 and a vertical transform of the
residual TU is DCT-8; a second transform type is that a horizontal transform of the

residual TU is DCT-K and a vertical transform of the residoal TU 58 DST-7;

o

transform mode Q2, which specifies that the TU partitioning mode of the

CU 1is to partition the CU mto 4 TUs of size (W/2)<(H/2), the position of the residual

TU is bottom-left, and the transform type is selected from a transform type set; the

transform type set includes two transform types, wherein a first transform type is that

a horizontal transform of the residual TU is DCT-8 and a vertical transform of the

10 residual TU is DST-7; a second transtorm type is that a horizontal transform of the
residual TU is D817 and a vertical transform of the residual TU is DCT-8;

transform mode Q3, which specifies that the TU partitioning mode of the

CU is to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual

TU is bottom-right, and the transform type is selected from a transform type set; the

15 transtorm type set inchudes two transforro types, wherein a first transform type is that

a horizontal transform of the residual TU is DST-7 and a vertical transform of the

residual TU is DST-7; a sccond transform type is that a horizontal transform of the
residual TU is DCT-8 and a vertical transform of the residual TU is DCT-8;

transform mode QHO, which specifies that the TU partitioning mode of the

20 CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and

have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a

size of Wx{H/2), the position of the residual TU is top-lefi, and the transform type is

sclected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transtform of the residual TU
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is DCT-8 and a vertical transform of the residual TU is DCT-8; a second transform
type is that a horizontal transform of the residual TU i3 DST-7 and a vertical
transform of the residual TU is DST-7;

transtorm mode QH1, which specifics that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and
30 have a size of (W/2)«(H/2), and the other TU of the 3TUs is in the bottom and has a
size of Wx{H/2), the position of the residual TU is top-right, and the transform type is
sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 and a vertical transform of the residual TU is DCT-8; a second transform
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type is that a horizontal transtorm of the residual TU is DCT-8 and a vertical
transtorm of the residual TU is DST-7;
transform mode QH2, which specifies that the TU partitioning mode of the

CU 1s to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom

o

and have a size of (W/2)<(H/2), and the other TU of the 3TUs is in the top and has a
size of Wx{H/2), the position of the residual TU is bottom-left, and the transform type
is sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-8 and a vertical transform of the residual TU is DST-7; a second transform
10 type is that a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU is DCT-8;

transform mode QH3, which specifies that the TU partitioning mode of the
CU 1s to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom
and have a size of (W/2)<(H/2), and the other TU of the 3TUs is in the top and has a
15 size of Wx{H/2), the position of the residual TU is bottom-right, and the transform
type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transtorm type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU is DST-7; a second
transform type is that a horizontal transform of the residual TU 1 DCT-8 and a

20 wvertical transform of the residual TU 18 DCT-R;
transform mode QV0, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size

of (W/2yxH, the position of the residual TU is top-lefl, and the transform type is
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selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-8 and a vertical transform of the residual TU is DCT-8; a second transform
type is that a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU is DST-7;

30 transform mode QV1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and
have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the lefi and has a size
of (W/2)<H, the position of the residaal TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform

oy
!



WO 2019/076206 PCT/CN2018/109361

types, wherein a first transform type is that a horizontal transform of the residual TU
is BST-7 and a vertical transform of the residual TU 1s DCT-R; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical

transform of the residual TU is DST-7;

o

transform mode QV2, which specifies that the TU partitioning mode of the

CU is to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the left and

have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size

of (W/2)~H, the position of the residual TU 1s bottom-lefi, and the transform type is

selected from a transform type set; the transform type set includes two transform

10 types, wherein a first transform type is that a horizontal transform of the residual TU

is BCT-8 and a vertical transform of the residual TU is DST-7; a second transform

type is that a horizontal transform of the residual TU is DST-7 and a wvertical
transform of the residual TU 1s DCT-8;

transform mode QV3, which specifies that the TU partitioning mode of the

15 CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and

have a size of (W/2)<(H/2}, and the other TU of the 3TUs is in the left and has a size

of (W/2)<H, the position of the residual TU is bottom-right, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transtform of the residual TU

20 is BST-7 and a vertical transform of the residual TU is DST-7; a second transform

type is that a horizontal transform of the residual TU s DCT-8 and a vertical
transform of the residual TU s DCT-K;

transtorm mode HQO, which specifies that the TU partitioning mode of the

CU 1s to partition the CU into 2 TUs, wherein a size of a top TU is smaller than a size

[\
941

of a bottom TU, the position of the residual TU is top, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 or DCT-2, and a vertical transform of the residual TU 18 DCT-R; a second
transform type is that a horizontal transform of the residual TU is DCT-8 or BCT-2,
30 and a vertical transform of the residual TU is DST-7;

transform mode HQ1, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 2 TUs, wherein a size of a bottom TU is smaller than a
size of a top TU, the position of the residual TU is bottom, and the transform type is
selected from a transform type set; the transform type set includes two transform
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types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 or DCT-2, and a vertical transform of the residual TU 18 DRT-7; a second
transform type is that @ horizontal transform of the residual TU is DCT-8 or DCT-2

and a vertical transform of the residual TU is DCT-§;

o

transform mode VQO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size
of a right TU, the position of the residual TU is left, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
10 DCT-R and a vertical transform of the residual TU is DST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DST-7, and a
vertical transform of the residual TU is DCT-8 or DCT-2;
transform mode VQ1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a right TU is smaller than a
15 size of a left TU, the position of the residual TU is right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 and a vertical transform of the residual TU is DST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU 1 DCT-8 and a
20 wertical transform of the residual TU is DCT-8 or DCT-2;
transform mode HHO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, the position of the residual TU 1s top, and the transform type is sclected

from a transform type set; the transform type set includes two travsform types,
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wherein a first transform type is that a horizontal transform of the residual TU is
DST-7 or BCT-2, and a vertical transform of the residual TU 1« DCT-8; a second
transform type is that a horizontal transform of the residual TU is DCT-8 or DCT-2
and a vertical transform of the residual TU is DST-7;

transform mode HH 1, which specifies that the TU partitioning mode of the
30 CU is to partition the CU into 2 TUs, wherein a size of a top TU is cqual to a size of a
bottomy TU, the position of the residual TU is bottom, and the transform type is
sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 or DCT-2, and a vertical transtorm of the residual TU is DST-7; a second
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transform type is that a horizontal transform of the residual TU is DCT-8 or DCT-2
and a vertical transform of the residual TU is DCT-8;
transform mode HH2, which specifies that the TU partitioning mode of the

CU is to partition the CU into 3 TUs, wherein a size of a top TU 15 equal to a size of a

o

bottom TU, and the size of the top TU is less than a size of a center TU, the position

of the residual TU is cenier, and the transform type is selected from a transform type

set; the transform type set includes two transform types,; wherein a first transform
type is that a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU is DCT-2 a second transform type is that a horizontal

10 transtorm of the residual TU 1s DCT-8 and a vertical transform of the residual TU is
DCT-2; or wherein a first transform type is that a horizontal transform of the residual
TU is DS8T-7 and a vertical transform of the residual TU is DST-1; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical
transform of the residual TU is DST-1;

15 transform mode VHO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a
right TU, the position of the residual TU is lefl, and the transform type s selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is

20 DCT-8 and a vertical transform of the residual TU s DST-7 or DCT-2; a second

transform type is that a horizontal transform of the residual TU is DST-7 and a

vertical transform of the residual TU is DCT-8 or DCT-2.

transtorm mode VHI, which specifies that the TU partitioning mode of the

CU is to partition the CU uto 2 TUs, wherein a size of a lefl TU is equal to a size of a

[\
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right TU, the position of the residual TU is right, and the transform type is selected
from a transform type set; the transform type set inchudes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-7 and a vertical transform of the residual TU s BST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DCT-8 and a
30 wvertical transform of the residual TU is DCT-8 or DCT-2; or

transform mode VHZ transform mode HH2, which specifies that the TU
partitioning mode of the CU is to partition the CU mto 3 TUs, wherein a size of a left
TU is equal to a size of a right TU and the size of the left TU is less than a size of a
center TU, the position of the residual TU 1s center, and the transform type is selected
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from a transform type set; the transform type set includes two transform types,
wherein a first transform type s that a horizountal transform of the residual TU is
DCT-2 and a vertical transform of the residual TU 15 DST-7; a second transform type

ts that a horizontal transform of the residual TU is DCT-2 and a vertical iransform of

o

the residual TU is DCT-8; or wherein first transform type is that a horizontal
transtorm of the residoal TU s DST-1 and a vertical transform of the residual TU is
DST-7; a second transform type is that a horizontal transform of the residual TU is

DST-1 and a vertical transform of the residual TU 1s DCT-8,

10 In aslterative implementation manuner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in a first
possible implementation manner of the second aspect, the size of the CU is denoted
by WxH; wherein the target transtorm mode of the residual TU is one of the
following modes:

15 transform mode G0, which specifies that the TU partitioning mode of the
(U is to partition the CU into 4 TUs of size (W/2)=(H/2), the position of the residual
TU is top-lefi, and the transform type is sclected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
a horizonial transform of the residual TU 8 DCT-4 and a vertical transform of the

20 residual TU ts BCT-4; a second transform type is that a horizontal transform of the
residual TU is DST-4 and a vertical transform of the residual TU s DST-4;

transform mode Q1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 4 TUs of size (W/2)<{H/2), the position of the residual

TU is top-right, and the transform type is selected frorn a transform type set; the
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transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU is DST-4 and a vertical transform of the
residual TU is DCT-4; a second transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transform of the residual TU is DST-4;

transform mode (32, which specifies that the TU partitioning mode of the
30 CU is to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual
TU i3 bottom-left, and the transform type is selected from a transform type set; the
transtorm type set includes two transtorm types, wherein a first transtorm type is that
a horizontal transform of the residual TU s DCT4 and a vertical transform of the

residual TU s DST-4; a sccond transform type is that a horizontal transform of the
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residual TU is DST-4 and a vertical transtorm of the residual TU s DCT-4;
transform mode 3, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 4 TUs of size (W/2yx(H/2), the position of the residual

TU 15 bottom-right, and the transform type is selected from a transform type set; the

o

transform type set includes two transform types, wherein a first transform type is that

a horizontal transforrn of the residual TU is DST-4 and a vertical transform of the

residual TU is DST-4; a second transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transtorm of the residual TU is DCT-4;

transform mode QHO, which specifies that the TU partitioning mode of the

10 CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs arc in the top and

have a size of (W/2)<(H/2}), and the other TU of the 3TUs is in the bottom and has a

size of Wx{H/2), the position of the residual TU is top-lefi, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

15 is DCT-4 and a vertical transform of the residual TU is DCT-4; a second transform

type is that a horizontal transform of the residual TU is DST-4 and a vertical

transform of the residual TU 1s DST-4;

transform mode QHI1, which specifies that the TU partitioning mode of the

CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and

20 have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a

size of Wx(H/2), the position of the residual TU 1s top-right, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is B3ST-4 and a vertical transform of the residual TU 1s DCT-4; a second transform
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type is that a horizontal transform of the residual TU is DCT4 and a vertical
transform of the residual TU 1s DST-4;

transform mode QHZ, which specifies that the TU partitioning mode of the
CU is to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom
and have a size of (W/2)<(H/2}, and the other TU of the 3TUs is in the top and has a
30 size of Wx(H/2), the position of the residual TU is bottom-left, and the transform type
is selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is BCT-4 and a vertical transform of the residual TU is DST-4; a second transform
type is that a horizontal transform of the residual TU 15 DST-4 and a wvertical
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transform of the residual TU is DCT-4;
transform mode QH3, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom

and have a size of (W/2)x(H/2), and the other TU of the 3TUs is in the top and has a
} !

o

size of Wx{H/2}, the position of the residual TU is bottom-right, and the transform
type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transform type is that a horizontal transform of the
residual TU is DST-4 and a vertical transform of the residual TU is BST-4; a second
transform type is that a horizontal transform of the residual TU i3 DCT4 and a
10 vertical transform of the residual TU 1s DCT-4;
transform mode QVO0, which specifies that the TU partitioning mode of the
CU 1s to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and
have a size of (W/2)=(H/2), and the other TU of the 3TUs is in the right and has a size
of (W/2)~H, the position of the residual TU is top-lefl, and the transform type is
15 selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DCT-4 and a vertical transform of the residual TU 158 DCT-4; a second transform
type is that a horizontal transform of the residual TU is DST-4 and a vertical
transform of the residual TU s DST-4;
20 transform mode QV 1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and
bave a size of {(W/2}x(H/2}, and the other TU of the 3TUs is in the left and has a size
of (W/2)«H, the position of the residual TU is top-right, and the transform type is

selected from a transform type set; the transform type set includes two transform
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types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-4 and a vertical transform of the residual TU i3 DCT-4; a second transform
type is that a horizontal transtorm of the residual TU is DCT-4 and a vertical
transtorm of the residual TU is DST-4;

transform mode QV2, which specifies that the TU partitioning mode of the
30 CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and
bave a size of (W/2)=(H/2), and the other TU of the 3TUs is in the right and has a size
of (W/2)xH, the position of the residual TU 1s bottom-left, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
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is DCT-4 and a vertical transform of the residual TU is DS8T-4; a second transform
type is that a horizontal transform of the residual TU is DST-4 and a vertical
transform of the residual TU s DCT-4;

transform mode QV3, which specifies that the TU partitioning mode of the

o

CU is to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and
have a size of (W/2)<(H/2}, and the other TU of the 3TUs is in the left and has a size
of (W/2)xH, the position of the residual TU is bottom-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
10 is DST-4 and a vertical transform of the residual TU is D8T-4; a sccond transform
type is that a horizontal transform of the residual TU i3 DUT4 and a vertical
transform of the residual TU is DCT-4;

transform mode HQO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a top TU is smaller than a size
15 of a bottom TU, the position of the residual TU is top, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DS8T-4 or DCT-2, and a vertical transform of the residual TU is DCT-4; a second
transtorm type is that a horizontal transforro of the residual TU is DCT-4 or DCT-2,

20 and a vertical transform of the residual TU is DS8T-4;
transform mode HQ1, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a bottom TU is smaller than a
size of a top TU, the position of the residual TU is bottom, and the transform type is

selected from a transform type set; the transform type set includes two transform
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types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-4 or DCT-2, and a vertical transform of the residual TU 1s DST-4; a second
transform type is that a horizontal transform of the residual TU is DCT-4 or DCT-2
and a vertical transform of the residual TU is DCT-4;

transform mode VQO0, which specifies that the TU partitioning mode of the
30 CU is to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size
of a right TU, the position of the residnal TU is left, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is

DCT-4 and a vertical transform of the residual TU 18 DST-4 or DCT-2; a second
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transform type is that a horizontal transform of the residual TU s DST-4, and a
vertical transform of the residual TU is DCT-4 or DCT-2;
transform mode V1, which specifies that the TU partitioning mode of the

CU 1s to partition the CU into 2 TUs, wherein a size of a right TU is smaller than a

o

size of a left TU, the position of the residual TU is right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-4 and a vertical transform of the residual TU 18 DST-4 or DCT-2; a second
transform type is that a horizontal transform of the residual TU i3 DCT4 and a
10 wvertical transform of the residual TU 158 DCT-4 or DCT-2;
transform mode HHO, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of'a top TU is equal to a size of a
bottom TU, the position of the residual TU is top, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
15 wherein a first transform type is that a horizoutal transform of the residual TU is
DST-4 or DCT-2, and a vertical transform of the residual TU is DCT-4; a second
transform type is that @ horizontal transform of the residual TU is DCT-4 or DCT-2
and a vertical transform of the residual TU is DS8T-4;
transform mode HH1, which specifies that the TU partitioning mode of the
20 (U is to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, the position of the residual TU is bottom, and the transform type is
selected from a transform type set; the transform type set inclodes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-4 or DCT-2, and a vertical transform of the residual TU 18 DRT-4; a second
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transform type is that a horizontal transform of the residual TU is DCT-4 or DCT-2
and a vertical transform of the residual TU is DCT-4;

transform mode HH2, which specifies that the TU partitioning mode of the
CU is to partition the CU into 3 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, and the size of the top TU is less than a size of a center TU, the position
30 of the residual TU is center, and the transform type is selected from a transform type
set; the transform type set includes two transform types,; wherein a first transform
type is that a horizontal transform of the residual TU is DST-4 and a vertical
transform of the residual TU is DCT-2 a second transform type is that a horizontal

transform of the residual TU is DCT-4 and a vertical transform of the residual TU 1s
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DCT-2; or wherein a first transform type is that a horizontal transform of the residual
TU is DST-4 and a vertical transform of the residual TU is DST-1; a second transform
type is that a horizontal transform of the residual TU s DCT-4 and a vertical

transform of the residual TU 1s DST-1;

o

transform mode VHO, which specifies that the TU partitioning mode of the
CU is to partition the CU uto 2 TUs, wherein a size of a lefl TU is equal to a size of a
right TU, the position of the residual TU is lefl, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
10 DCT-4 and a vertical transform of the residual TU is DST-4 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DST-4 and a
vertical transform of the residual TU is DCT-4 or DCT-2.

transform mode VHI, which specifies that the TU partitioning mode of the
CU is to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a
15 right TU, the position of the residual TU is right, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 and a vertical transform of the residual TU 15 DS8T-4 or DCT-Z; a second
transform type is that a horizontal transform of the residual TU 18 DCT4 and a

20 wvertical transform of the residual TU s DCT-4 or DCT-2; or
transform mode VH2 transform mode HH2, which specifics that the TU
partitioning mode of the CU is to partition the CU into 3 TUs, wherein a size of a left
TU 1is equal to a size of a right TU and the size of the left TU is less than a size of a

center TU, the position of the residaal TU is center, and the transform type s selected
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from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DCT-2 and a vertical transtorm of the residual TU is BST-4; a second transform type
is that a horizontal transtorm of the residual TU is DCT-2 and a vertical transform of
the residual TU is DCT-4; or wherein first transform type is that a horizontal
30 transform of the residual TU is DST-1 and a vertical transtorm of the residual TU is
DST-4; a second transform type is that a horizontal transform of the residoal TU is
DST-1 and a vertical transtorm of the residual TU s DCT-4.

For another example, the transform type set of each transform mode may
contain four transform types:
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type 1: a horizontal transform of the residual TU is DST-7 and a vertical transform of
the residual TU 1s DST-7, denoted as DST-7/DST-7;
type 2: a horizontal transtorm of the residual TU 1s DST-7 and a vertical transform of

the residual TU is BCT-8, denoted as DST-7/DCT-R;

o

type 3: a horizontal transform of the residual TU is DCT-8 and a vertical transform of
the residual TU 1s DST-7, denoted as DCT-8/DST-7;
type 4: a horizontal transform of the residual TU is DCT-8 and a vertical transform of

the residual TU is DCT-8, denoted as DCT-8/DCT-8.

10 In aslterative implementation manuner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, for
another example, the transform type set of cach transform mode may contain four
transform types:
type 1: a horizontal transform of the residual TU is DST-4 and a vertical transform of

15 the residual TU is DST-4, denoted as DST-4/DST-4;
type 2: a horizontal transform of the residual TU is DS8T-4 and a vertical transform of
the residual TU is DCT-4, denoted as DST-4/DCT-4;
type 3: a horizontal transform of the residual TU is DCT-4 and a vertical transform of
the residual TU is D8T-4, denoted as DCT-4/DST-4;

20 type 4: a horizontal transform of the residoal TU is DCT-4 and a vertical transform of

the residual TU is DCT-4, denoted as DCT-4/DCT-4.

25 0631} With reference to the first aspect or the first possible implementation
manner of the second aspect, in a second possible mplementation manner, wherein
the entropy decoding unit is further configured to parse the bitstream to obtain a mode
mndex for indicating the target transform mode of the residual TU; and obtain the
target transform mode of the residual TU based on the mode index.

36 0632 With reference to the second possible implementation manner of the
second aspect, in a third possible implementation manner, wherein the entropy
decoding unit, is further configured to determine candidate target transform modes of
the residual TU based on a size of the CU; and parsing, based on the candidate target

transform modes of the residual TU, the bitstream to obtain a mode index for
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indicating the target transform mode of the residual TU.
10033] With reference to the third possible implementation manner of the second
aspect, m a fourth possible implementation manner, whercin the entropy decoding

unit is forther coufigured to deterruine candidate target transform modes of the

o

residual TU according to at least one of the following:
when a width of the CU is in the range of [Thix2, Th3] and a height of the

CU is in the range of [Thix2, Th3], the candidate target transform modes comprise

transform mode QO, transform mode Q1, transform mode Q2 and transform mode Q3;

when a width of the CU is in the range of [Thl =4, Th3] and a height of' the

10 CU 15 in the range of [Thl, Th2], the candidate target transform modes comprise
transform mode VGO0, transform mode V@1 and transform mode VHZ;

when a width of the CU is in the range of [Thix2, Th2} and a height of the
CU s 1o the range of [Thl, Th2], the candidate target transform modes comprise
transform mode VHO and transform mode VHI;

15 when a height of the CU 15 in the range of [Th1x4, Th3} and a width of the
CU s in the range of [Thi, Th2], the candidate target transform modes comprise
transform mode HQO, transform mode HQT and transform mode HH2;

when a height of the CU is in the range of [Th1x2, ThZ] and a width of the
CU 1s in the range of [Thi, Th2], the candidate target transtform modes comprise

20 transformy mode HHO and transform mode HHI,
when a width of the CU 1s in the range of [Thix2, Th2] and a height of the

CU s in the range of [Th1x2, Th2], the candidate target transform modes comprise

mode transform mode 0, transform mode QI, transform mode Q2 and transform

mode (33;

when a width of the CU is in the range of [Thix4, Th2} and a height of the
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CU 13 in the range of [Thl, Th2], the candidate target transform modes comprise
transtorm mode V0, transform mode VQ1 and transform mode VHZ;

when a width of the CU is in the range of [Thix2, Th2} and a height of the
CU s in the range of [Thi, Th2], the candidate target transform modes comprise

30 transform mode VHO and transform mode VHI;

when a height of the CU is in the range of [Th1x4, Th2] and a width of the
CU 1s in the range of [Thl, Th2], the candidate target transform modes comprise
transform mode HQO, transform mode HQ1 and transform mode HH2; or

when a height of the CU is in the range of [Th1x2, Th2] and a width of'the
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CU is in the range of [Thl, ThZ], the candidate target transform modes comprise
transform mode HHO and transform mode HHI,
wherein Thi, Th2 and Th3 arc pre-defined integer values.

10634} With reference to the second aspect or the first possible implersentation

o

manner of the second aspect, in a fifth possible implementation manner, wherein the
entropy decoding unit is further configared to parse the bitstream to obtain a group
index for indicating which mode group of the target transform mode belongs to; and
parse the bitstrcam to obtain a mode index for indicating the target transtform mode in
the mode group; and obtain the target transform mode based on the group index and
10 the mode index.

[6G35] With reference to the fifth possible implementation manner of the second

aspect, in a sixth possible implementation manner, wherein the target transform mode

belongs to any mode group as following:

a mode group comprises transform mode HHO, transform mode HHI,

15 transform mode HH2, transform mode VHO, transform mode VHI and transform
mode VHZ;

a mode group comprises transform mode QO, transform mode Q1,
transform mode Q2, transform mode 3, transform mode HQO, transform mode HQ1,
transform mode V0, and transform mode VQI;

20 a mode group comprises transform mode HHO, HH1, HH2, VHO, VHI and
VHZ;

a mode group comprises transform mode QO, transform mode (1,
transform mode Q2, transform mode Q3, transform mode HQO, transform mode HQI,

transform mode V0, and transform mode VQI;
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a mode group comprises transform mode QHO, transform mode QHI,
transform mode QH2, transform mode QH3, transform mode HQO, transform mode
H(Q1, transform mode VQO, and transform mode VQ1,;

a mode group comprises transform mode QVO, transtorm mode QV1I,
transform mode QV2, transform mode V3, transform mode HQO, transform mode
30 HQI, transform mode VOO0, and transform mode V1,

a mode group comprises transform mode QO, transform mode (1,
transform mode Q2, transform mode Q3, transform mode HQO, transform mode HQI,
transform mode VQO, transform mode VQ1, transform mode HHO, transform mode

HH1, transform mode VHO and transform mode VHI;
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a mode group comprises transform mode QO0, transform mode (1,
transform mode 32, transform mode 33, transform mode HQO, transform mode HOI,
transform mode VQ0, transform mode VQI, transform mode HHO, transform mode

HHI, transform mode HH2, transform mode VHO, transform mode VHI and

o

transform mode VH2;

a mode group cowmprises transform mode QHO, transforrn mwode QHI,
transform mode QHZ, transform mode QH3, transform mode HQO, transform mode
HQ1, transform mode VQO, transtorm mode VQ1, transform mode HHO, transform
mode HHI, transform mode HH2Z, transtform mode VHO, transform mode VHI and
10 transtorm mode VHZ;

a mode group comprises transform mode HHO, transform mode HHI,
transform mode VHO and transform mode VHI;
a mode group comprises transform mode QO0, transform mode (1,
transform mode Q2 and transform mode Q3; or
15 a mode group cowmprises transform mode HQO, transforrn mwode HQI,
transform mode VQO0, and transform mode VQ1.
[0036] With reference to the fifth possible implementation manner of the sccond
aspect, in a seventh possible implementation manner, wherein the entropy decoding
anit is further configured to determine at least one candidate mode groups of the
20 residual TU based on a size of the CU; and parse, based on the at least one candidate
mode groups of the residual TU, the bitstream to obtain a group index for indicating
which mode group of the target transform mode belongs to.
16637} With reference to the seventh possible implementation manner of the

second aspect, in a eighth possible implementation manner, wherein the entropy
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decoding unit is further configured to determine at least one candidate mode groups
according to at least ove of the following:

when a width of the CU is in the range of [ Th1x2, Th3] and a height of the
CU 18 in the range of {Thix2, Th3}], the candidate mode groups comprisc a mode
group comprises transform mode GO, transform mode Q1, transform mode Q2 and
30 transform mode Q3;

when a width of the CU is in the range of [Thl =4, Th3] and a height of' the
CU is in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode V0, transform mode VQ1 and transform mode VH2,;

when a width of the CU 1s in the range of [Thix2, Th2] and a height of the

40



WO 2019/076206 PCT/CN2018/109361

CU 18 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode VHO and transform mode VHI;
when a height of the CU is n the range of [Thix4, Th3] and a width of'the

CU 13 in the range of [Th1, Th2}], the candidate rwode groups comprise a mode group

o

comprises transform mode HQO, transform mode HQ1 and transform mode HH2;
when a height of the CU 15 in the range of [Th1x2, Th2} and a width of the
CU is in the range of [Th1, Th2], the candidate mode groups comprise a mode group
comprises transform mode HHO and transform mode HHI;
when a width of the CU is in the range of [Th1+2, Th2] and a height of' the
10 CU is in the range of [Thix2, Th2], the candidate mode groups comprise a mode
group comprises mode transform mode QO, transform mode (1, transform mode Q2
and transform mode Q3;
when a width of the CU s in the range of [Th1 =4, Th2} and a height of'the
CU 18 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
15 comprises transform mode V0, transform mode VQ1 and transform mode VH2,;
when a width of the CU is in the range of [Thix2, Th2] and a height of the
CU 1s in the range of [Thl, Th2}, the candidate mode groups comprise a mode group
comprises transform mode VHO and transform mode VHI;
when a height of the CU 15 in the range of [Th1x4, Th2} and a width of the
20 CU is in the range of [Th1, Th2], the candidate mode groups comprise a mode group
comprises transform mode HQO, transform mode HQ1 and transform mode HHZ; or
when a height of the CU is in the range of [Th1x2, Th2] and a width of the
CU is in the range of [Thl, Th2], the candidate mode groups comprise a mode group

comprises transform mode HHO and transform mode HHI;
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wherein Thl, ThZ and Th3 are pre-defined integer values.

10638] With reference to the fifth or eighth possible implementation manner of the
second aspect, in a ninth possible implementation manner, wherein Thl is 4, 8 or 16;
Th2 is 32, 64 or 128; or Th3 i3 64, 128 or 256.

16G39] With reference to the second aspect or any one of the first to ninth possible
30 implementation manners of the second aspect, in a tenth possible implementation
manner, wherein the entropy decoding unit, is further configured to determine, based
on the prediction information of the CU, whether to obtain the target transform mode
of the residual TU.

0040} With reference to the tenth possible implementation manner of the second
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aspect, in a cleventh possible implementation manner, wherein the entropy decoding
onit, is further configured to determine whether to obtaining the target transform
mode of the residual TU according to at least one of the following:

when a prediction mode of the CU is ntra prediction mode, determine to

o

obtain the target transform mode of the residual TU;
when a prediction mode of the CU is mter prediction mode, determine to
obtain the target transform mode of the residual TU;
when a prediction method of the CU is a preset positive prediction method,
determine to obtain the target transform mode of the residual TU; or
10 when a prediction method of the CU is a preset negative prediction method,
determine not to obtain the target transform mode of the residual TU.
(60641} With reference to the cleventh possible implementation manner of the
second aspect, in a twelfth possible implementation manner, wherein the preset
positive prediction method comprises at least one of the following: a translation
15 model based wotion compensation method; a Merge prediction method; an advanced
motion vector prediction method with 1/4-pel motion vector difference precision; or a
Merge prediction method with a merge index smaller than 2.
1006424 With reference to the eleventh or twelfth possible implementation manner
of the second aspect, in a thirteenth possible nmplementation manner, wherein the
20 preset negative prediction method comprises at least one of the following: an affine
model based motion compensation method; an affine merge prediction method; an
affine inter prediction mode; an advanced motion vector prediction method with 1-pel
or 4-pel motion vector difference precision; or a Merge prediction method with a

merge index not stoaller than 2.
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[6643] With reference to the second aspect or any one of the first to thirteenth
possible implementation manner of the second aspect, in a fourteenth possible
implementation manner, wherein the entropy decoding unit, is further configured to
determine, based on a size of the CU, whether to obtain the target transtorm mode of
the residual TU.
30 [0044] With reference to the fourteenth possible implementation manner of the
second aspect, in a fifteenth possible implementation manner, the entropy decoding
unit, is further configured to determine whether to obtain the target transform mode of
the residual TU according to at Jeast one of the following:

when a width or a height of the CU is greater than a preset CU threshold,
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determining not to obtain the target transform mode of the residual TU;
when a width or a height of a TU of the CU 15 less than a preset minimurm
TU threshold, determining not to obtain the target transform mode of the residual TU;

or

o

when a width or a height of a TU of the CU is greater than a preset
maximum TU threshold, determining vot to obtain the target transform mode of the
residual TU.
[0045] With reference to the fifteenth possible implementation manner of the
second aspect, in a sixteenth possible implementation manner, wherein the preset CU
10 threshold is 32 luma pixels, 64 luma pixels or 128 luma pixels; or the preset minimum
TU threshold is 4 luma pixels, 8 huma pixels or 16 luma pixels; or the preset
maxinmm TU threshold is 32 luma pixels, 64 luma pixels or 128 luma pixels.
10046] According to a third aspect, an embodiment of the present invention
provides decoder comprising processing circuitry for carrying out the method
15 according to any one of the first aspect and the first to sixteenth impossible
implementation manners of the first aspect.
(6047} According to a fourth aspect, an embodiment of the present mvention
provides a computer program product comprising a program code for performing the
method according to any one of the first aspect and the first to sixteenth impossible
20 implementation manners of the first aspect.
(6048} According to a fifth aspect, an embodiment of the present mvention
provides a decoder, comprising: one or more processors; and a non-transitory
computer-recadable  storage medium  coupled to the processors and storing

programuming for execution by the processors, wherein the programuuing, when
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executed by the processors, configures the decoder to carry out the method according
to any one of the first aspect and the first to sixteenth impossible mmplersentation
manners of the first aspect.

10049] By performing methods provided by the present disclosure, the target
transform mode can specify the TU partitioning mode of the CU, the position of the
30 residual TU, and the transform type of the residual, so that not only the decoding
efficiency can be improved, but also the decoding quality can be improved; and for
the target transform mode is can specify the above information, thus can reduce the
bits needed for transmitting the above information, so as to save the transmitting

resource, ¢.g., bandwidth, for transmitting the encoded aundio data,
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BRIEF DESCRIPTION OF DRAWINGS

180501 To describe the technical sohitions in the embodiments of the present
invention or in the prior art more clearly, the following briefly introduces the
accompanying drawings required for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following description show merely
some embodiments of the present invention, and a person of ordinary skill in the art
may still derive other drawings from these accompanying drawings without creative
efforts.

(0051 FIG. 1A is a conceptional or schematic block diagram illustrating an

example coding system.

16652] Fig. 1B is an tllustrative diagram of another example video coding system.
100653] Fig. 2 is a schematic/conceptual block diagram of an example video
encoder.

10654] Fig. 3 s a schematic/conceptual block diagram of an example video
decoder.

16655 FIG. 4 s a schematic diagram of a video coding device.

06036
10057
0058
0659
16660 Fig. 9 illustrate transform modes HHZ and VHZ.

|
} Fig. 5 is a block diagram of an apparatus.
i
|
|
]
10061} Fig. 10 illustrate transtorm modes QHO, QHI, QHZ2 and QH3.
|
|
|
3}
i

Fig. 6 ifhusirate transform modes Q0, Q1, Q2 and Q3.
Fig, 7 illastrate transform modes HQO, HQ1, VQO and V1.
Fig. § illustrate transform modes HHO, HHI, VHO and VHI1.

18662 Fig, 11 illustrate transform modes QV0, QV1, QV2 and V3.
10663
106064
006

10066

Fig. 12A and Fig. 12B are schematic diagram of a video decoding method.
FIG. 13 dustrates an example of intra-prediction in video coding.

FIG. 14 is a schematic diagram of an example video encoding mechanism.

FIGS. 15-16 illustrate example spatial varying transform (SVT)
transforms.

16667} FIG. 17 llustrates cxample SVT transform candidate positions relative to a
residual block.

[0068] FIG. 18 illustrates example SVT transform positions relative to a residual
block.

16669 FIG. 19 illustrates an example of residual sample horizontal flipping.
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10670} FIG 20 is a flowchart of an example method of video decoding with
position dependent SVT,

(6671} FIG. 21 is an ilustration of candidate positions of SVT-V and SVT-H
blocks (M1=M2=8).

18672} FIG 22 is an tllustration of SVT-V and SVT-H with 3 candidate positions.
16673} FIG. 23 18 an llustration of SVT-H and SVT-V.

16674} FIG 24 is an illustration of candidate positions of SVT-V and SVT-H
blocks (M1=M2=8).

18675} FIG 25 is an ilustration of a first group of transform coefficients and a

sccond group of transform cocflicients.

DESCRIPTION OF EMBODIMENTS

10676} In the following description, reference is made to the accompanying
figures, which form part of the disclosure, and which show, by way of illustration,
specific aspects of embodiments of the vention or specific aspects in which
embodiments of the present invention may be used. It is understood that embodiments
of the invention may be used in other aspects and comprise siructural or logical
changes not depicted in the figures. The following detailed description, theretore, is
not to be taken in a limiting sense, and the scope of the present fuveuntion is defined by
the appended claims.

(6677} For instance, it is understood that a disclosure in connection with a
described method may also hold true for a corresponding device or system configured
to perform the method and vice versa. For example, if one or a plurality of specific
method steps are described, a corresponding device may include one or a plarality of
units, e.g. functional units, to perform the described one or plurality of method steps
{¢.g. one unit performing the one or plurality of steps, or a plurality of units each
performing one or more of the phlarality of steps), even if such one or more units are
not explicitly described or llustrated in the figures. On the other hand, for example, if
a specific apparatus is described based on one or a plurality of units, e.g. functional
units, a corresponding method may include one step to perform the functionality of
the one or plurality of units {e.g. one step performing the functionality of the one or
plurality of units, or a plurality of steps each performing the functionality of one or

more of the plurality of units), even if such one or plurality of steps are not explicitly
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described or illustrated in the figures. Further, it is understood that the features of the
various exemplary embodiments and/or aspects described herein may be combined
with each other, unless specifically noted otherwise.

0078 Video coding typically refers to the processing of a sequence of pictures,
4 - hi

o

which form the video or video sequence. Instead of the term “picture” the term
“framne” or “image” may be used as synonyms in the field of video coding. Video
coding used in the present application (or present disclosure} indicates either video
encoding or video decoding. Video encoding is performed at the source side, typically
comprising processing {€.g. by compression} the original video pictures to reduce the
10 amount of data required for representing the video pictures (for more cfficient storage
and/or transmission). Video decoding is performed at the destination side and
typically comprises the inverse processing compared to the encoder to reconstruct the
video pictures. Embodiments referring to “coding” of video pictures (or pictures in
general, as will be explained later) shall be understood to relate to either “encoding”
15 or “decoding” for video sequence. The combination of the encoding part and the
decoding part is also referred to as CODEC (Coding and Decoding).
10679} In case of lossless video coding, the original video pictures can he
reconstructed, Le. the reconstructed video pictures have the same quality as the
original video pictures {assurning no transmission loss or other data loss during
20 storage or transmission}. In case of lossy video coding, further compression, e.g. by
quantization, 15 performed, to reduce the amount of data representing the video
pictures, which cannot be completely reconstructed at the decoder, i.e. the quality of
the reconstructed video pictures is lower or worse compared to the quality of the

original video pictures.
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[6680] Several video coding standards since H.261 belong to the group of “lossy
hybrid video codecs” (ie. combine spatial and temporal prediction in the sample
domain and 2D transform coding for applying quantization in the transform domain).
Each picture of a video sequence is typically partitioned into a sct of non-overlapping
blocks and the coding is typically performed on a block level In other words, at the
30 encoder the video is typically processed, i.¢. encoded, on a block (video block) level,
e.g. by using spatial (intra picture) prediction and temporal {inter picture) prediction
to generate a prediction block, subtracting the prediction block from the current block
{block currently processed/to be processed) to obtain a residual block, transforming

the residual block and quantizing the residual block in the transform domain to reduce
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the amount of data o be transmitted (compression), whereas at the decoder the
inverse processing compared to the encoder is partially applied to the encoded or
compressed block to reconstruct the current block for representation. Furthermore, the

encoder duplicates the decoder processing loop sach that both will generate wdentical

o

predictions {e.g. intra- and inter predictions) and/or re-constructions for processing, i.e.
coding, the subsequent blocks.
(6681} As used herein, the term “block” may a portion of a picture or a frame. For
convenience of description, embodiments of the invention are described herein in
reference to High-Efficiency Video Coding (HEVC) or the reference software of
10 Versatile video coding (VVC), developed by the Joint Collaboration Team on Video
Coding (JCT-VC) of I'TU-T Video Coding Experts Group (VCEG) and ISOMEC
Motion Picture Experts Group (MPEG). One of ordinary skill in the art will
understand that embodiments of the invention are not limited to HEVC or VVC. |
may refer to a CU, PU, and TU. In HEVC, a CTU is split into CUs by using a
15 quad-tree structure devoted as coding tree. The decision whether to code a picture
arca using inter-picture {temporal) or mtra-picture {spatial) prediction is made at the
CU level Each CU can be further split into one, two or four PUs according to the PU
splitting type. Inside one PU, the same prediction process is applied and the relevant
information is transmitted to the decoder on a PU basis. After obtaining the residual
20 block by applying the prediction process based on the PU splitting type, a CU can be
partitioned into transform units (TUs) according to another quadiree structure similar
to the coding tree for the CU. In the newest development of the video compression
technical, Qual-tree and binary tree (QTBT) partitioning frame is used to partition a

coding block. In the QTBT block structure, a CU can have either a square or
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rectangular shape. For example, a coding tree unit (CTU) is first partitioned by a
guadtree structure, The quadiree leaf nodes are further partitioned by a binary tree
structure. The binary tree leaf nodes are called coding units (CUs), and that
scgmentation 15 used for prediction and transform processing without any further
partitioning. This means that the CU, PU and TU have the same block size in the
30 QTBT coding block structure. In parallel, multiply partition, for example, triple tree
partition was also proposed to be used together with the QTBT block structure.

16082} In the following embodiments of an encoder 20, a decoder 30 and a coding
system 10 are described based on Figs. 1 to 3.

[0083] Fig. 1A is a conceptional or schematic block diagram illustrating an
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example coding system 10, e.g. a video coding system 10 that may utilize techniques
of this present application (present disclosure). Encoder 20(e.g. Video encoder 20)
and decoder 30(e.g. video decoder 30) of video coding system 10 represent examples

of devices that may be configured to perform techniques in accordance with various

o

examples described in the present application. As shown in FIG 1A, the coding
systern 10 comprises a source device 12 configured to provide encoded data 13, e.g.
an encoded picture 13, e.g. to a destination device 14 for decoding the encoded data
13.

10684} The source device 12 comprises an encoder 20, and may additionally, te.
10 optionally, comprise a picture source 16, a pre-processing unit 18, e¢.g. a picture
pre~-processing unit 18, and a communuication interface or communication unit 22,

[6685] The picture source 16 may comprise or be any kind of picture capturing
device, for example for capturing a real-world picture, and/or any kind of a picture or
comment (for screen content coding, some texts on the screen is also considered a part
15 of a picture or image to be encoded) generating device, for example a
computer-graphics processor for generating a computer animated picture, or any kind
of device for obtaining and/or providing a real-world picture, a computer animated
picture {¢.g. a screen content, a virtual reality (VR) picture) and/or any combination
thereof (e.g. an augmented reality (AR) picture).
20 (6686} A (digitaly pictare is or can be regarded as a two-dimeunsional array or
matrix of sarnples with intensity values. A sample in the array may also be referred to
as pixel (short form of picture element) or a pel. The number of samples in horizontal
and vertical direction {or axis} of the array or picturc define the size and/or resolution

of the picture. For representation of color, typically three color components are
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employed, i.e. the picture may be represented or include three sample arrays. In RBG
format or color space a pictare comprises a corresponding red, green and blue sample
array. However, in video coding ecach pixel is typically represented in a
luminance/chrominance format or color space, e.g. YCUhCr, which comprises a
juminance component indicated by Y (sometimes also L is used instead) and two
30 chrominance components indicated by Cb and Cr. The luminance {or short luma)
component Y represents the brightness or grey level imtensity (e.g. like in a grey-scale
picture), while the two chrominance (or short chroma) components Cb and Cr
represent the chromaticity or color information components. Accordingly, a picture in

YChCr format comprises a luminance sample array of luminance sample values (Y),
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and two chrominance sample arrays of chrominance values (Cb and Cr). Pictures in
RGB format may be converted or transformed into YCbCr format and vice versa, the
process is also known as color transformation or conversion. If a picture 1s

monochrome, the pictare may comprise only a luminance sample array.

o

10687} The picture source 16(e.g. video source 16) may be, for example a camera
for capturing a picture, a ymemory, e.g. a picture merory, comprising or storing a
previously captured or generated picture, and/or any kind of interface (internal or
external) to obtain or receive a picture. The camera may be, for example, a local or
integrated camera integrated in the source device, the memory may be a local or
10 integrated memory, e¢.g. integrated in the source device. The interface may be, for
example, an external interface to receive a picture from an external video source, for
example an external picture capturing device like a camera, an external memory, or an
external picture generating device, for example an external computer-graphics
processor, computer or server, The interface can be any kind of interface, ¢.g. a wired
15 or wireless interface, an optical interface, according to any proprictary or standardize
interface protocol. The interface for obtaining the picture data 17 may be the same
mterface as or a part of the commmunication interface 22.
{0088 In distinction to the pre-processing unit 18 and the processing performed
by the pre-processing unit 18, the picture or picture data 17(e.g. video data 16} may
20 also be referred to as raw picture or raw picture data 17.
10089] Pre-processing unit 18 is configured to receive the (raw) picture data 17
and to perform pre-processing on the picture data 17 to obtain a pre-processed picture
19 or pre-processed picture data 19, Pre-processing performed by the pre-processing

onit 18 may, e.g., comprise trimming, color format conversion {(e.g. from RGRB (o
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YCbCr), color correction, or de-noising. It can be understood that the pre-processing
unit 18 may be optional component.

16690} The encoder 20(e.g. video encoder 20) is configured to receive the
pre-processed picture data 19 and provide encoded picture data 21 (further detatls will
be described below, ¢.g., based on Fig. 2 or Fig.4}.

30 [0091] Commmunication interface 22 of the source device 12 may be configured to
receive the encoded picture data 21 and to transmit it fo another device, e.g. the
destination device 14 or any other device, for storage or direct reconstruction, or to
process the encoded pictare data 21 for respectively before storing the encoded data
13 and/or transmitting the cncoded data 13 to another device, e.g. the destination
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device 14 or any other device for decoding or storing.
16092] The destination device 14 comprises a decoder 30(e.g. a video decoder 30),
and may additionally, ic. optionally, comprisc a commmunication interface or

communication unit 28, a post-processing unit 32 and a display device 34,

o

18693} The communication interface 28 of the destination device 14 is configured

receive the encoded picture data 21 or the encoded data 13, e.g. directly from the

source device 12 or from any other source, ¢.g. a storage device, e.g. an encoded

picture data storage device.

15694} The communication interface 22 and the communication interface 28 may

10 be configured to transmit or receive the encoded picture data 21 or encoded data 13
via a direct communication link between the source device 12 and the destination
device 14, e.z. a direct wired or wireless connection, or via any kind of network, ¢.g. a
wired or wireless network or any combination thereof, or any kind of private and
public network, or any kind of combination thereof.

15 [6095] The communication interface 22 may be, ¢.g., configured to package the
encoded picture data 21 into an appropriate format, e.g. packets, for transmission over
a communication link or communication network.
16096] The communication interface 28, forming the counterpart of the
communication interface 22, may be, ¢.g., configured to de-package the encoded data

20 13 to obtain the encoded picture data 21,

(8697} Both, communication interface 22 and communication interface 28 may be

configured as unidirectional communication interfaces as indicated by the arrow for

the encoded picture data 13 in Fig. 1A pointing from the source device 12 to the

destination device 14, or bi-directional communication interfaces, and may be
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configured, e.g. to send and receive messages, ¢.g. to set up a connection, to
acknowledge and exchange any other information related to the communication link
and/or data transmission, ¢.g. encoded picture data transmission.

10098] The decoder 30 is configured to receive the encoded picture data 21 and
provide decoded picture data 31 or a decoded picture 31 (further details will be
30 described below, e.g., based on Fig. 3 or Fig. 5).

18699} The post-processor 32 of destination device 14 is configured to
post-process the decoded picture data 31 (also called reconstructed picture data), e.g.
the decoded picture 31, to obtain post-processed picture data 33, ¢.g. a post-processed
picture 33. The post-processing performed by the post-processing unit 32 may
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comprise, ¢.g. color format conversion (e.g. from YCbCr to RGB), color correction,
trivoming, or re-sampling, or any other processing, e.g. for preparing the decoded
picture data 31 for display, ¢.g. by display device 34.

10166} The display device 34 of the destination device 14 is configured to receive

o

the post-processed picture data 33 for displaying the picture, e.g. to a user or viewer.
The display device 34 may be or comprise any kind of display for representing the
reconstructed picture, ¢.g. an integrated or external display or monitor, The displays
may, ¢.g. comprise hguid crystal displays (LCD), organic light emitting diodes
(OLED) displays, plasma displays, projectors , micro LED displays, liquid crystal on
10 silicon (LCoS), digital light processor (DLP) or any kind of other display.
16101} Although Fig. 1A depicts the source device 12 and the destination device
14 as separate devices, embodiments of devices may also comprise both or both
functionalities, the source device 12 or corresponding functionality and the
destination device 14 or corresponding functionality. In such embodiments the source
15 device 12 or comesponding functionality and the destination device 14 or
corresponding functionality may be implemented using the same hardware and/or
software or by separate hardware and/or software or any combination thercof.
61624 As will be apparent for the skilled person based on the description, the
existence and (exact) sphit of functionalities of the different units or functionalities
20 within the source device 12 and/or destination device 14 as shown in Fig. 1A may
vary depending on the actual device and application.
18103} The encoder 26 (e.g. a video encoder 20} and the decoder 30 (e.g. a video
decoder 30) cach may be implemented as any of a variety of suitable circuitry, such as

one or more microprocessors, digital signal processors (BSPs), application-specific
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integrated circuits (ASICs), field-programmable gate arrays (FPGAs), discrete logic,
hardware, or any combinations thereofl If the techuiques are imoplemented partially in
software, a device may store instructions for the software in a suitable, non-transitory
computer-rcadable storage medium and may execute the instructions in hardware
using one or more processors to perform the techniques of this disclosure. Any of the
30 foregoing (inchuding hardware, software, a combination of hardware and software,
etc.} may be considered to be one or more processors. Fach of video encoder 20 and
video decoder 30 may be included in one or more encoders or decoders, either of
which may be integrated as part of a combined encoder/decoder (CODEC) in a
respective device.
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16104] Source device 12 may be referred to as a video encoding device or a video
encoding apparatus. Destination device 14 may be referred to as a video decoding
device or a video decoding apparatus. Source device 12 and  destination

device 14 may be examples of video coding devices or video coding apparatuses.

o

10105} Source device 12 and destination device 14 may comprise any of a wide
range of devices, including any kind of handheld or stationary devices, e.g. notebook
or laptop computers, mobile phones, smart phones, tablets or tablet computers,
cameras, desktop computers, set-top boxes, televisions, display devices, digital media
players, video gaming consoles, video streaming devices{such as content services

10 servers or content delivery servers), broadcast receiver device, broadcast transmitter
device, or the like and may use no or any kind of operating system.

[6106] In some cases, the source device 12 and the destination device 14 may be
equipped for wireless communication, Thus, the source device 12 and the destination
device 14 may be wireless communication devices.

15 (6187} In some cases, video coding system 10 tHustrated in FIG. TA is merely an
example and the techniques of the present application may apply to video coding
settings {(c.g., video encoding or video decoding) that do not necessarily include any
data communication between the encoding and decoding devices. In other examples,
data 1s retrieved from a local memory, streamed over a network, or the like, A video

20 encoding device may encode and store data to memory, and/or a video decoding

device may retrieve and decode data from memory. In some examples, the encoding

and decoding is performed by devices that do not communicate with one another, but
simply encode data to memory and/or retrieve and decode data from memory.

16108} It should be understood that, for each of the above examples deseribed
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with reference to video encoder 20, video decoder 30 may be configured to perform a
reciprocal process, With regard to signaling syntax clements, video decoder 30 may
be configured to receive and parse such syntax element and decode the associated
video data accordingly. In some examples, video encoder 20 may cntropy encode one
or more syntax elements into the encoded video bitstream. In such examples, video
30 decoder 30 may parse such syntax clement and decode the associated video data
accordingly.

16169} Fig. 1B is an illustrative diagram of another example video coding system
40 including encoder 20 of fig. 2 and/or decoder 30 of fig. 3 according to an
exemplary embodiment. The system 40 can implement technigues in accordance with
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various examples described in the present application. In the illustrated
implementation, video coding system 40 may include imaging device(s) 41, video
encoder 100, video decoder 30 (and/or a video coder mplemented via logic circuitry

47 of processing unit(s) 46}, an antenna 42, one or more processor(s) 43, one or more

o

memory store(s) 44, and/or a display device 45.
10119] As illustrated, imaging device(sy 41, antenna 42, processing unit(s) 46,
logic circuitry 47, video encoder 20, video decoder 30, processor(sy 43, memory
store(s) 44, and/or display device 45 may be capable of communication with one
another. As discussed, although lustrated with both video encoder 20 and video
10 decoder 30, video coding system 40 may include only video encoder 20 or only video
decoder 30 in various examples.
(6111} As shown, in some examples, video coding system 40 may include
antenna 42. Antenna 42 wmay be configured to transmit or receive an encoded
bitstream of video data, for example. Further, in some examples, video coding system
15 40 way inchude display device 45, Display device 45 may be configured to present
video data. As shown, in some examples, logic circuitry 47 may be implemented via
processing unit(s) 46. Processing unit(s) 46 may include application-specific
integrated circuit {ASIC) logic, graphics processor(s), general purpose processor(s}), or
the like. Video coding systern 40 also may mclude optional processor(s) 43, which
20 may similarly include application-specific integrated circuit (ASIC) logic, graphics
processor(s), general purpose processor(s), or the like. In some cxamples, logic
circuitry 47 may be implemented via hardware, video coding dedicated hardware, or
the like, and processor(s) 43 may implemented general purpose software, operating

systerus, or the Hke. In addition, memory store(s) 44 may be any type of memory such
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as volatile memory {(e.g., Static Random Access Memory (SRAM), Dynamic Random
Access Memory (DRAM), ete.) or non-volatile memory (e.g., flash memory, etc.),
and so forth. In a non-limiting example, memory store(s) 44 may be mmplemented by
cache memory, In some examples, logic circuitry 47 may access memory store(s) 44
{for mplementation of an image buffer for example}. In other examples, logic
30 circuitry 47 and/or processing unit(s) 46 may include memory stores {e.g., cache or
the like) for the implementation of an image buffer or the like.

16112§ In some examples, video encoder 100 implemented via logic circuitry may
include an image buffer (e.g., via either processing unit(s) 46 or memory store(s) 44))

and a graphics processing unit (¢.g., via processing unit(s) 46). The graphics
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processing unit may be communicatively coupled to the image buffer. The graphics
processing unit may include video cucoder 100 as implemented via logic circuitry 47
to embody the various modules as discussed with respect to FIG 2 and/or any other

encoder system or subsystem described herein. The logic circuitry may be configured

o

to perform the various operations as discussed herein,
10113} Video decoder 30 may be implemented in a similar manner as
implemented via logic circuitry 47 to embody the various modules as discussed with
respect to decoder 30 of FIG 3 and/or any other decoder system or subsystem
described herein. In some examples, video decoder 30 may be implemented via logic
10 circuitry may include an image buffer (e.g., via cither processing unit(s) 420 or
memory store(s) 44}} and a graphics processing unit {¢.g., via processing unit(s) 46},
The graphics processing unit may be comumunicatively coupled to the image buffer.
The graphics processing unit may inclode video decoder 30 as implemented via logic
circuitry 47 to embody the various modules as discussed with respect to FIG 3 and/or
15 any other decoder system or subsystem described herein,
16114} In some ecxamples, antenna 42 of video coding system 40 may be
configured to receive an encoded bitstream of video data. As discussed, the encoded
bitstream may inchade data, indicators, index values, mode selection data, or the like
associated with encoding a video frame as discussed herein, such as data associated
20 with the coding partition (e.g., transform coefficients or quantized transform
coctlicients, optional indicators (as discussed), and/or data defining the coding
partition). Video coding system 40 may also include video decoder 30 coupled to
antenna 42 and configured to decode the encoded bitstream. The display device 45
configured to present video frames.

[6115] ENCODER & ENCODING METHOD
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10116} Fig. 2 shows a schematic/conceptual block diagram of an example video
encoder 20 that is configured to implement the techniques of the present application.
In the example of fig. 2, the video encoder 20 comprises a residual calculation unit
204, a transform processing unit 206, a quantization unit 208, an inverse quantization
30 wunit 210, and inverse transform processing unit 212, a reconstruction unit 214, a
buffer 216, a loop filter unit 220, a decoded picture buffer (BDPB) 230, a prediction
processing unit 260 and an entropy cncoding unit 270. The prediction processing
anit 260 may include an inter prediction unit 244, an intra prediction unit 254 and a
mode selection unit 262, Inter prediction unit 244 may include a motion estimation
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unit and a motion compensation unit (not shown). A video encoder 20 as shown in Fig.
2 may also be referred to as hybrid video encoder or a video encoder according to a
hybrid video codec.

1117 For example, the residoal calculation unit 204, the transform processing
unit 200, the quantization unit 208, the prediction processing unit 260 and the entropy
encoding unit 270 form a forward signal path of the encoder 20, whereas, for example,
the inverse quantization unit 210, the inverse transtorm processing unit 212, the
reconstruction unit 214, the buffer 216, the loop filter 220, the decoded picture buffer
{DPB) 230, prediction processing unit 260 form a backward signal path of the encoder,
wherein the backward signal path of the encoder corresponds to the signal path of the
decoder (see decoder 30 in Fig. 3).

[6118] The encoder 20 is configured to receive, e.g. by input 202, a picture 201 or
a block 203 of the pictare 201, ¢.g. pictare of a sequence of pictures forming a video
or video sequence. The picture block 203 may also be referred to as current picture
block or picture block to be coded, and the pictare 201 as current picture or picture fo
be coded (in particular in video coding to distinguish the current picture from other
pictures, ¢.g. previously encoded and/or decoded pictures of the same video scquence,
i.e. the video sequence which also comprises the current picture).

16119} PARTITIONING

16128} Embodiments of the encoder 20 may comprise a partitioning unit (not
depicted n Fig. 2) configured to partition the picture 201 into a plurality of blocks, ¢.g.
blocks like block 203, typically into a plurality of nown-overlapping blocks., The
partitioning unit may be configured to use the same block size for all pictures of a
video sequence and the corresponding grid defining the block size, or to change the
block size between pictures or subsets or groups of pictures, and partition each picture
into the corresponding blocks,

0121} In one example, the prediction processing unit 260 of video encoder 20
may be configured to perform any combination of the partitioning techniques
described above.

10122} Like the picture 201, the block 203 again is or can be regarded as a
two-dimensional array or matrix of samples with intensity values (sample values),
although of smaller dimension than the picture 201. In other words, the block 203
may comprise, ¢.g., one sample array (e.g. a lama array in case of a monochrome
picture 201) or threc sample arrays {e.g. a luma and two chroma arrays in case of a
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color picture 201) or any other mumber and/or kind of arrays depending on the color
format applied. The namber of saruples in horizontal and vertical direction (or axis) of
the block 203 define the size of block 203.

10123] Encoder 20 as shown in Fig. 2 is configured encode the picture 201 block

o

by block, e.g. the encoding and prediction is performed per block 203,
10124} RESIDUAL CALCULATION
[6125] The residual calculation unit 204 is configured to calculate a residual block
205 based on the picture block 203 and a prediction block 265 (further details about
the prediction block 265 are provided later), e.g. by subtracting sample values of the
10 prediction block 265 from saraple values of the picture block 203, sample by sample
{pixel by pixel) to obtain the residual block 265 in the sample domain.
10126} TRANSFORM
10127} The transform processing unit 206 is configured to apply a transform, e.g.
a discrete cosine transform (DCT) or discrete sine transtorm (DST), on the sample
15 wvalues of the residual block 205 to obtain transform coefficicnts 207 in a transform
domain. The transform coefficients 207 may also be referred to as transform residual
coctlicients and represent the residual block 205 in the transform domain,
0128 The transform processing unit 206 may be configured to apply integer
approximations of DCT/DST, such as the transforms specified for HEVC/H.265.
20 Compared to an osthogonal DCT transform, such integer approximations are typically
scaled by a certain factor. In order to preserve the norm of the residual block which 1s
processed by forward and inverse transforms, additional scaling factors are applied as
part of the transform process. The scaling factors are typically chosen based on certain

constraints like scaling factors being a power of two for shifl operation, bit depth of
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the transform coefficients, tradeoff between accuracy and implementation costs, etc.
Specific scaling factors are, for example, specified for the inverse transform, e.g. by
mverse transform processing unit 212, at a decoder 30 (and the corresponding inverse
transtorm, e.g. by inverse transform processing unit 212 at an cncoder 20) and
corresponding scaling factors for the forward transform, e.g. by transform processing
30 unit 206, at an encoder 20 may be specified accordingly.

10129] QUANTIZATION

16130] The quantization unit 208 is configured to quantize the transform
coefficients 207 to obtain quantized transform coefficients 209, e.g. by applying
scalar quantization or vector guantization. The quantized transform coefficients 209
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may alse be referred to as quantized residual coefficients 209, The quantization
process may reduce the bit depth associated with some or all of the transform
coctlicients 207. For example, an n-bit Transtorm coctficient may be rounded down

to an m-bit Transform coefficient during guantization, where n is greater than m. The

o

degree of guantization may be modified by adjusting a quantization parameter ((QF).
For example for scalar quantization, different scaling may be applied to achieve finer
or coarser quantization. Smaller quantization step sizes correspond to finer
quantization, whereas larger quantization step sizes correspond to coarser quantization.
The applicable guantization step size may be indicated by a quantization parameter
10 (QP). The quantization parameter may for example be an index to a predefined sct of
applicable quantization step sizes. For example, small quantization parameters may
correspond to fine quantization (small quantization step sizes) and large quantization
parameters may correspond to coarse quantization (large quantization step sizes) or
vice versa. The quantization may include division by a quantization step size and
15 corresponding or inverse dequantization, ¢.g. by inverse quantization 210, may
include multiplication by the quantization step size. Embodiments according to some
standards, ¢.g. HEVC, may be configured to usc a quantization paramcter to
determine the quantization step size. Generally, the quantization step size may be
calculated based ou a quantization parameter using a fixed point approximation of an
20 equation including division. Additional scaling factors may be introduced for
guantization and dequantization to restore the norm of the residual block, which might
get modified because of the scaling used in the fixed point approximation of the
equation for quantization step size and quantization paramcier. In one example

implementation, the scaling of the inverse transtorm and dequantization might be
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combined. Alternatively, customized guantization tables may be used and signaled
from an encoder to a decoder, ¢.g. in a bitstrearn. The quantization is a lossy operation,
wherein the loss increases with increasing quantization step sizes.

10131} The inverse quantization unit 210 is configured to apply the inverse
quantization of the quantization unit 208 on the quantized coefficients to obtain
30 dequantized coctlicients 211, e.g. by applying the inverse of the quantization scheme
applied by the gnantization unit 208 based on or using the same guantization step size
as the quantization unit 208. The dequantized cocfficients 211 may also be referred to
as dequantized residual coefficients 211 and correspond - although typically not
wdentical to the transform cocfficients due to the loss by guantization - to the
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transform coefficients 207.
10132} The inverse transform processing unit 212 s configured to apply the
mverse transform of the transform applied by the transtform processing unit 206, ¢.g.

an mnverse discrete cosime transform (DCT) or inverse discrete sine transform (DST),

o

to obtain an inverse transform block 213 in the sample domain. The inverse transform
block 213 may also be referred to as inverse transform dequantized block 213 or
inverse transform residual block 213,
[0133] The reconstruction unit 214(c.g. Summer 214) is configured to add the
inverse transform block 213(i.e. reconstructed residual block 213) to the prediction
10 block 265 to obtain a reconstructed block 215 in the sample domain, ¢.g. by adding
the sample vatues of the reconstructed residual block 213 and the sample values of the
prediction block 265.
10134} Optional, the buffer unit 216 (or short “buffer” 216), ¢.g. a line buffer 216,
is configured to buffer or store the reconstructed block 215 and the respective sample
15 wvalues, for example for intra prediction. In further embodiments, the encoder may be
configured to use anfiltered reconstructed blocks and/or the respective sample values
stored in buffer unit 216 for any kind of estimation and/or prediction, e¢.g. intra
prediction.
10135] Embodiments of the encoder 20 may be configured such that, e.g. the
20 buffer unit 216 is not only used for storing the recounstructed blocks 215 for intra
prediction 254 but also for the loop filter unit 220 (not shown in Fig. 2}, and/or such
that, e.g. the buffer unit 216 and the decoded picture buffer unit 230 form one buffer.
Further cmbodiments may be configured to usc filtered blocks 221 and/or blocks or

samples from the decoded pictare buffer 230 (both not shown in Fig. 2) as input or

[\
941

basis for intra prediction 254.

10134] The loop filter unit 220 (or short “loop filter” 220), is configured to filter
the reconstructed block 215 to obtain a filtered block 221, e.g. to smooth pixel
transitions, or otherwise improve the video quality. The loop filter unit 220 is intended
to represent one or more loop filters such as a de-blocking filter, a sample-adaptive
30 offset (SAO) filter or other filters, ¢.g. a bilateral filter or an adaptive loop filter (ALF)
or a sharpening or smoothing filters or collaborative filters. Although the loop filter
unit 220 is shown in FIG. 2 as being an n loop filter, in other configurations, the loop
filter unit 220 way be implemented as a post loop filter. The filtered block 221 may

also be referred to as filtered reconstructed block 221, Decoded picture buffer 230
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may store the reconstructed coding blocks after the loop filter unit 220 performs the
filtering operations on the reconstrucied coding blocks,
(8137} Embodiments of the encoder 20 (respectively loop filter unit 220) may be

configured to output loop filler parameters {(such as sample adaptive offset

o

information), ¢.g. directly or entropy encoded via the entropy encoding unit 270 or
any other entropy coding unii, so that, ¢.g., a decoder 30 may receive and apply the
same loop filter parameters for decoding.
[0138] The decoded picture buffer (BPB) 230 may be a reference picture memory
that stores reference picture data for use in encoding video data by video encoder 20.
10 The DPB 230 may be formed by any of a varicty of memory devices, such as dynamic
random access memory (DRAM), including synchronous DRAM (SDRAM),
magnetoresistive RAM (MRAM), resistive RAM (RRAM), or other types of memory
devices. The DPB 230 and the buffer 216 way be provided by the same memory
device or separate memory devices. In some example, the decoded picture buffer
15 (DPB) 230 is configured to store the filtered block 221, The decoded picture buffer
230 wmway be further configured to store other previously filtered blocks, e.g.
previously reconstructed and filtered blocks 221, of the same current picture or of
different pictures, e.g. previously reconstructed pictures, and may provide complete
previously recoustructed, i.e. decoded, pictures {(and corresponding reference blocks
20 and samples) and/or a partially reconstructed current picture {and corresponding
reference blocks and samples), for cxample for inter prediction. In some example, if
the reconstructed block 215 is reconstructed but without in-loop filtering, the decoded
picture butfer (DPB) 230 is configured to store the reconstructed block 215,

10139] The prediction processing unit 260, also referred to as block prediction
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processing unit 260, is configured to receive or obtain the block 203 (current block
203 of the current picture 201) and reconstructed picture data, e.g. reference samples
of the same {(current) picture from bufter 216 and/or reference picture data 231 from
one or a plurality of previcusly decoded pictures from decoded picture butfer 230, and
to process such data for prediction, i.e. to provide a prediction block 265, which may
30 be an inter-predicted block 245 or an intra-predicted block 255,

18140} Mode selection unit 262 may be configured to select a prediction mode
(e.g. an intra or inter prediction mode) and/or a corresponding prediction block 245 or
255 to be used as prediction block 265 for the calculation of the residual block 205

and for the reconstruction of the reconstructed block 215,
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0141} Embodiments of the mode selection unit 262 may be configured to select
the prediction mode (e.g. from those supported by prediction processing unit 260),
which provides the best match or in other words the mmimum residual (minimum

residual means betier compression for transmission or storage), or a minimum

o

signaling overhead (minimum signaling overhead means better compression for
transmission or storage), or which considers or balances both. The mode selection unit
262 may be configured to determine the prediction mode based on rate distortion
optimization (RDO), i.¢. select the prediction mode which provides a minimum rate
distortion optimization or which associated rate distortion at least a fulfills a
10 prediction mode sclection criterion.

16142] In the following the prediction processing (e.g. prediction processing unit

260 and mode selection (e.g. by mode selection unit 262) performed by an example

encoder 20 will be explained in more detail.

16143} As described above, the encoder 20 is configured to determine or select the
15 best or an optimum prediction roode froro a set of (pre-determined) prediction modes.

The set of prediction modes may comprise, e.g., intra-prediction modes and/or

mter-prediction modes.

10144/ The set of intra-prediction modes may comprise 35 different

intra-prediction modes, e.g. non-directional modes like DC {(or mean) mode and
20 planar mode, or directional modes, e.g. as defined in H.265, or may comprise 67
different intra-prediction modes, ¢.g. non-directional modes like DC (or mean) mode
and planar mode, or directional modes, e.g. as defined in H.266 under developing.
16145} The set of {(or possible) inter-prediction modes depend on the available

reference pictures (Le. previous al least partially decoded pictures, ¢.g. stored in DBP
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230) and other inter-prediction parameters, ¢.g. whether the whole reference picture or
only a part, ¢.g. a scarch window area around the area of the current block, of the
reference picture is used for searching for a best matching reference block, and/or e.g.
whether pixel interpolation i1s apphied, e.g. half/semi-pel and/or quarter-pel
interpolation, or not.

30 [6146] Additional to the above prediction modes, skip mode and/or direct mode
may be applied.

16147} The prediction processing unit 260 may be further configured to partition
the block 203 into amaller block partitions or sub-blocks, e.g. iteratively using
quad-tree-partitioning (QT), binary partitioning (BT) or triple-trec-partitioning (TT)
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or any combination thereof, and to perform, ¢.g. the prediction for each of the block
partitions or sub-blocks, wherein the mode selection comprises the selection of the
tree-structure of the partitioned block 203 and the prediction modes applied to each of

the block partitions or sub-blocks.

o

10148 The inter prediction unit 244 may include motion estimation (ME) unit
{not shown in {ig.2) and motion compensation (MC) unit (not shown i fig.2), The
motion estimation unit is configured to receive or obtain the picture block 203
{current picture block 203 of the current picture 201) and a decoded picture 231, or at
feast one or a plurality of previously reconstructed blocks, e.g. reconstructed blocks of

10 onc or a plurality of other/different previously decoded pictures 231, for motion
estimation. E.g. a video sequence may comprise the current picture and the previously
decoded pictures 231, or in other words, the current picture and the previously
decoded pictures 231 may be part of or form a sequence of pictures forming a video
sequence.

15 [6149] The encoder 20 may, ¢.g., be configured to select a reference block from a
plurality of reference blocks of the same or different pictures of the plurality of other
pictures and provide a reference picture (or reference picture index, ...} and/or an
offset (spatial offset} between the position (X, v coordinates) of the reference block
and the position of the current block as inter prediction parameters to the motion

20 estimation unit (not shown in fig.2). This offset is also called motion vector (MV).

[6150] The motion compensation unit is configured to obtain, ¢.g. receive, an

inter prediction parameter and to perform inter prediction based on or using the inter

prediction parameter to obtain an inter prediction block 245. Motion compensation,

performed by motion compensation unit (not shown in fig.2), may involve fetching or
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generating the prediction block based on the motion/block vector determined by
motion estimation, possibly performing interpolations to  sub-pixel precision.
Interpolation filtering may generate additional pixel samples from known pixel
samples, thus potentially increasing the number of candidate prediction blocks that
may be used to code a picture block. Upon recetving the motion vector for the PU of
30 the current picture block, the motion compensation unit 246 may locate the prediction
block to which the motion vector points in one of the reference picture lists. Motion
compensation unit 246 may also generate syntax clements associated with the blocks
and the video slice for use by video decoder 30 in decoding the picture blocks of the
video slice.
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0151} The intra prediction unit 254 is configured to obtain, e.g. receive, the
picture block 203 (current picture block) and ove or a plarality of previously
reconstructed blocks, ¢.g. reconstructed neighbor blocks, of the same picture for intra

estimation. The encoder 20 may, ¢.g., be configured to sclect an intra prediction mode

o

from a plurality of (predetermined) intra prediction modes.

10152] Embodiments of the encoder 20 may be configared to select the

intra-prediction mode based on an optimization criterion, ¢.g. minimum residual {e.g.

the intra-prediction mode providing the prediction block 255 most similar to the

current picture block 203) or minimam rate distortion.

10 (0153} The mtra prediction unit 254 is further configured to determine based on
intra prediction parameter, ¢.g. the selected intra prediction mode, the intra prediction
block 255. In any case, after selecting an intra prediction mode tor a block, the intra
prediction onit 254 is also configured to provide intra prediction parameter, ie.
information indicative of the selected intra prediction mode for the block to the

15 entropy encoding uanit 270. In one example, the inira prediction woit 254 way be
configured to perform any combination of the intra prediction techniques deseribed
later.

101544 The entropy encoding unit 270 is configured to apply an entropy encoding
algorithm or scheme (e.g. a variable length coding (VLC) scheme, an context adaptive

20 VLC scheme (CALVC), an arthmetic coding scheme, a context adaptive binary

arithmetic coding (CABAC), syntax-bascd context-adaptive binary arithmetic coding

(SBAC), probability interval partitioning entropy (PIPE) coding or another entropy

encoding methodology or technigue) on the guantized residual coefficients 209, inter

prediction parameters, intra prediction parameter, and/or loop filter parameters,
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individually or jointly (or not at all) to obtain encoded picture data 21 which can be
output by the output 272, e.g. in the form of an eucoded bitstream 21. The encoded
bitstream 21 may be transmitted to video decoder 30, or archived for later
transmission or retrieval by video decoder 30. The entropy encoding unit 270 can be
further configured to entropy encode the other syntax elements for the current video
30 shice being coded.

18155] Other structural variations of the video encoder 20 can be used to encode
the video stream. For example, a non-transform based encoder 20 can guantize the
restdual signal directly without the transform processing unit 206 for certain blocks or
frames, In another implementation, an encoder 20 can have the quantization unit 208
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and the inverse quantization unit 210 combined into a single unit.
10156} Fig. 3 shows an exemplary video decoder 30 that is configured lo
mplement the techniques of this present application. The video decoder 30

configured to receive encoded pictare data (e.g. cncoded bitstreamy 21, e.g. encoded

o

by encoder 100, to obtain a decoded picture 131. During the decoding process, video
decoder 30 receives video data, ¢.g. an encoded video bitstrearu that represents pictare
blocks of an encoded video slice and associated syntax elements, from video encoder
160.
13157} In the example of fig. 3, the decoder 30 comprises an entropy decoding
10 unit 304, an inverse quantization unit 310, an inverse transform processing unit 312, a
reconstruction unit 314(e.g. a summer 314}, a buffer 316, a loop filter 320, a decoded
picture buffer 330 and a prediction processing unit 360. The prediction processing
unit 360 may include an inter prediction unit 344, an intra prediction unit 354, and a
mode selection unit 362. Video decoder 30 may, in some examples, perform a
15 decoding pass generally reciprocal to the encoding pass described with respect fo
video encoder 100 from FIG. 2.
[0158] The entropy decoding unit 304 is configured to perform entropy decoding
to the encoded picture data 21 to obtain, e.g., quantized cocfficients 309 and/or
decoded coding parameters (not shown in Fig. 3}, e.g. (decoded) any or all of mter
20 prediction parameters, intra prediction parameter, loop filter parameters, and/or other
syntax clements. Entropy decoding unit 304 is further configured to forward inter
prediction parameters, intra prediction parameter and/or other syntax elements to the
prediction processing unit 360, Video decoder 30 may recetve the syntax elements at
the video slice level and/or the video block level

o~

[6159] The inverse quantization unit 310 may be identical in function to the
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mverse guantization unit 110, the inverse transform processing unit 312 may be
identical in function to the inverse transform processing unit 112, the reconstruction
unit 314 may be identical in function reconstruction unit 114, the butfer 316 may be
identical in function to the buffer 116, the loop filter 320 may be identical in function
30 to the loop filter 120, and the decoded picture buffer 330 may be identical in function
to the decoded picture buffer 130,
16160} The prediction processing unit 360 may comprise an inter prediction unit
344 and an intra prediction unit 354, wherein the inter prediction unit 344 may
reseruble the inter prediction unit 144 in function, and the intra prediction unit 354
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may resemble the intra prediction unit 154 in function. The prediction processing unit
360 are typically configured to perform the block prediction and/or obtain the
prediction block 365 from the encoded data 21 and to receive or obtain {explicitly or

implicitly) the prediction related parameters and/or the information about the selected

o

prediction mode, e.g. from the entropy decoding unit 304.
16161} When the video slice is coded as an intra coded (1) slice, intra prediction
unit 354 of prediction processing unit 360 is configured to generate prediction block
365 for a picture block of the current video slice based on a signaled intra prediction
mode and data from previously decoded blocks of the current frame or picture. When
10 the video frame is coded as an inter coded (1.e., B, or P) slice, inter prediction unit
344(e.g. motion compensation unit) of prediction processing unit 360 is configured to
produce prediction blocks 365 for a video block of the current video slice based on
the motion vectors and other syntax elements received from entropy decoding unit
304. For inter prediction, the prediction blocks may be produced from one of the
15 reference pictures within one of the reference picture lists, Video decoder 30 way
construct the reference frame lists, List 0 and List 1, using default construction
techniques based on reference pictures stored in DPB 330.
6162} Prediction processing unit 360 is configured to determine prediction
information for a video block of the current video slice by parsing the motion vectors
20 and other syntax elements, and uses the prediction information to produce the
prediction blocks for the current video block being decoded. For example, the
prediction processing unit 360 uses some of the received syntax elements to determine
a prediction mode (e.g., intra or inter prediction) used to code the video blocks of the

video slice, an inter prediction slice type (e.g.,, B slice, P slice, or GPB slice),
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construction information for one or more of the reference picture lists for the slice,
motion vectors for each inter encoded video block of the slice, mter prediction status
for cach inter coded video block of the slice, and other information to decode the
video blocks in the current video slice.

(6163} Inverse quantization unit 310 is configared to inverse quantize, ie.,
30 de-guantize, the quantized transform coefficients provided in the bitstream and
decoded by entropy decoding unit 304. The inverse guantization process may include
use of a quantization parameter calculated by video encoder 100 for cach video block
in the video slice to determine a degree of quantization and, likewise, a degree of
mverse gquantization that should be applied.
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0164 Inverse transform processing unit 312 is configured to apply an inverse
transform, e.g., an inverse DCT, an mverse integer transform, or a conceptually
similar inverse transform process, to the transform cocfficients in order to produce

residual blocks in the pixel domain.

o

[6165] The reconstruction unit 314(c.g. Summer 314) is configured to add the
imverse transform block 313(i.e. reconstructed residaal block 313) to the prediction
block 365 to obtain a reconstructed block 315 in the sample domain, e.g. by adding
the sample values of the reconstructed residual block 313 and the sample values of the
prediction block 365.

10 [0166] The loop filter unit 320 (either in the coding loop or afier the coding loop)
is configured to filter the reconstructed block 315 to obtain a filtered block 321, e.g. to
smooth pixel transitions, or otherwise improve the video guality. In one example, the
foop filter unit 320 roay be configured to perform any combination of the filtering
techniques described later. The loop filter unit 320 is intended to represent one or

15 more loop filters such as a de-blocking filter, a sample-adaptive offset (SAO) flier or
other filters, ¢.g. a bilateral filter or an adaptive loop filter (ALF) or a sharpening or
smoothing filters or collaborative filters. Although the loop filter unit 320 is shown in
FIG. 3 as being an in loop filter, in other configurations, the loop filter unit 320 may
be implemented as a post loop filter.

20 [6167] The decoded video blocks 321 in a given frame or picture are then stored

n decoded picture buffer 330, which stores reference pictures used for subsequent

motion compensation.

[6168] The decoder 30 is configured to output the decoded picture 331, ¢.g. via

oulput 332, for presentation or viewing o a user.
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[6169] Other variations of the video decoder 30 can be used to decode the
compressed bitstream. For example, the decoder 30 can produce the ouviput video
stream: without the loop filtering unit 320. For example, a non-transtorm based
decoder 30 can inverse-quantize the residual  signal  directly  without the
inverse-transform processing unit 312 for certain blocks or frames. In another
30 implementation, the video decoder 30 can have the inverse-quantization unit 310 and
the inverse-transform processing unit 312 combined into a single unit.

16170} FIG. 4 s a schematic diagram of a video coding device 400 according to an
embodiment of the disclosure. The video coding device 400 is suitable for

implementing the disclosed cmbodiments as described herein. In an embodiment, the
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video coding device 400 may be a decoder such as video decoder 30 of FIG. 1A oran
encoder such as video encoder 20 of FIG. 1A, In an embodiment, the video coding
device 400 may be one or more components of the video decoder 30 of FIG. 1A or the

video encoder 20 of FIG. 1A as described above.

o

0171} The video coding device 400 comprises ingress ports 410 and receiver
onits (Rx) 420 for receiving data; a processor, logic unit, or central processing unit
{CPU) 430 to process the data; transmitter units (Tx) 440 and egress ports 450 for
transmitting the data; and a memory 460 for storing the data. The video coding device
400 may also comprise optical-to-clectrical (OE) components and electrical-to-optical
10 (EO) components coupled to the ingress ports 410, the receiver units 420, the
transmitter units 440, and the egress ports 450 for egress or ingress of optical or
electrical signals.
19172} The processor 430 is nuplemented by hardware and software. The
processor 430 may be implemented as one or more CPU chips, cores {e¢.g., as a
15 multi-core processor), FPGAs, ASICs, and DSPs. The processor 430 is in
communication with the ingress ports 410, receiver units 420, transmitter units 440,
cgress ports 450, and memory 460. The processor 430 comprises a coding module
470. The coding module 470 implements the disclosed embodiments described above.
For instance, the coding module 470 implements, processes, prepares, or provides the
20 wvarious coding operations. The inchision of the coding module 470 therefore provides
a substantial improvement to the functionality of the video coding device 400 and
effects a transformation of the video coding device 400 to a different state.
Alternatively, the coding module 470 is mplemented as nstructions stored in the

memory 460 and execuated by the processor 430,
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[6173] The memory 460 comprises one or more disks, tape drives, and solid-state
drives and roay be used as an over-flow data storage device, to store programs when
such programs are selected for execution, and to store instructions and data that are
read during program execution. The memory 460 may be volatile and/or non-volatile
and may be read-only memory (ROM]}, random access memory {(RAM), ternary
30 content-addressable memory (TCAM), and/or static random-access memory (SRAM),
16174} Fig. 5 is a simplified block diagram of an apparatus 500 that may be used
as either or both of the source device 310 and the destination device 320 from Fig. 1
according to an exemplary embodiment. The apparatus 500 can implement technigues
of this present application described above. The apparatus 500 can be in the form of a
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computing system including multiple computing devices, or in the form of a single
computing device, for example, a mobile phone, a tablet computer, a laptop compuler,
a notebook computer, a desktop computer, and the like.

10175] A processor 502 in the apparatus 500 can be a central processing unit.

o

Alternatively, the processor 502 can be any other type of device, or multiple devices,
capable of manipulating or processing information now-existing or hercafler
developed. Although the disclosed implementations can be practiced with a single
processor as shown, e.¢., the processor 502, advantages in speed and efficiency can be
achieved using more than one processor.

10 {0176} A memory 504 in the apparatus 500 can be a read only memory (ROM)
device or a random access memory {RAM) device in an implementation. Any other
suitable type of storage device can be used as the memory 504, The memory 504 can
inchide code and data 506 that is accessed by the processor 502 using a bus 512, The
memory 504 can further include an operating system 508 and application programs

15 510, the application programs 310 including at least one program that permits the
processor 502 to perform the methods described here. For example, the application
programs 510 can include applications 1 through N, which further include a video
coding application that performs the methods described here. The apparatus 500 can
also include additional memory in the forra of a secondary storage 514, which caun, for

20 example, be a memory card used with a mobile computing device. Because the video

communication sessions may contain a significant amount of information, they can be

stored in whole or in part in the secondary storage 514 and loaded into the memory

504 as needed for processing.

10177} The apparatus 500 can also include one or more output devices, such as a
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display 518. The display 518 may be, in one example, a touch sensitive display that
combines a display with a touch sensitive element that is operable to sense touch
mputs, The display 518 can be coupled to the processor 502 via the bus 512. Other
output devices that permit a user to program or otherwise use the apparatus 500 can
be provided in addition to or as an alternative to the display 518. When the output
30 device is or includes a display, the display can be implemented in various ways,
including by a liquid erystal display (LCD), a cathode-ray tobe (URT) display, a
plasma display or light emitting diode (LED) display, such as an organic LED (OLED)
display.

10178} The apparatus 500 can also include or be in communication with an
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image-sensing device 520, for example a camera, or any other image-sensing device
520 now existing or hereafter developed that can sense an image such as the image of
a user operating the apparatus 500, The image-sensing device 520 can be positioned

such that it is directed toward the user operating the apparatus S00. In an example, the

o

position and optical axis of the image-sensing device 520 can be configured such that

the field of vision jnclades an area that is directly adjacent to the display 518 and from

which the display 518 is visible.

16179} The apparatus 500 can also include or be in communication with a

sound-sensing device 522, for example a microphone, or any other sound-sensing

10 device now existing or hereafter developed that can sense sounds near the apparatus
560. The sound-sensing device 522 can be positioned such that it is directed toward
the user operating the apparatus 500 and can be configured to receive sounds, for
example, speech or other utierances, made by the user while the user operates the
apparatus 500.

15 [6188] Although FIG S depicts the processor 502 and the memory 504 of the
apparatus 500 as being integrated into a single unit, other configurations can be
utilized, The operations of the processor 502 can be distributed across multiple
machines {ecach machine having one or more of processors) that can be coupled
directly or across a local area or other vetwork. The memory 504 can be distributed

20 across multiple machines such as a network-based memory or memory in multiple

machines performing the operations of the apparatus 500, Although depicted herc as a

single bus, the bus 512of the apparatus 500 can be composed of multiple buses.

Further, the secondary storage 514 can be directly coupled to the other components of

the apparatus 500 or can be accessed via a network and can comprise a single
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integrated unit such as a memory card or multiple units such as multiple memory
cards. The apparatus 500 can thus be oplemented in a wide variety of configurations.
0181} Video coding like H.265/HEVC or H266/VVC is based on a hybrid
prediction plus transform framework. Coding Tree Unit (CTU) is divided in to one or
more coding unit (CU). A CU may contain one luma block and two chroma blocks
30 (eg, YUV4:2:0 or YUV4:4:4 format), or a CU may only contain one luma block, ora
CU may only contain two chroma blocks. A CU may correspond to a prediction unit
(PU) and a transform untt (TU), or may correspond to a prediction unit and multiple
transform units. The prediction unit contains prediction blocks of prediction samples,

and the transform unit contains tfransform blocks of residual samples, The
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reconstructed samples of the CU is obtained by adding up the prediction samples with
corresponding residual samples.
(0182} At encoder, the prediction information (e.g., prediction mode and motion

vector information) and residual information {(e.g., transform mode, transform

o

cocfficients and quantization parameter) of a CU are decided by rate distortion
optimnization and then encoded into bitstream. At decoder, prediction information and
residual information are parsed. According to the prediction information, intra or inter
prediction is conducted to generate the prediction samples of the prediction unit.
According to the residual information, inverse quantization and imverse transform are
10 conducted to generate residual samples of the transform unit. The prediction samples
and the residual samples are added to obtain the reconstructed samples of the coding
unit.
{8183} A basic transform mode 18 the residual of a CU being transformed in one
TU, te., CU size equal to TU size. In Residual Quad-Tree (RQT) in HEVC, a CU
15 may be divided into 4 TUs of equal size, and the information of whether cach TU has
residual or not is signaled by coded block flags (cbf) of cach TU. The information of
whether the CU has residual is signaled by root ¢bf of the CU (e.g., the rgt_root cbf
syntax element in HEVC).
(6184} Adaptive Multiple core Transform (AMT) in VTM enables one transform
20 block using one transform type among a set of transform types. The transform type is
signaled in bitstream, and a transform type specifics the horizontal transform (or row
transform) and vertical transform {or column transform) of the transform block. The
possible core transforms for the horizontal/vertical transform include Discrete Sine
Transform (DBST) and Discrete Cosine Translorm (DCT), e.g. DST-7 (DST type 7),
DST-1, DCT-8, BCT-2 and DCTS.
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10185] To improve the transform coding efficiency, new transform meodes for a
CU are introduced in this invention. For each of the new transform modes, a CU is
tiled into N (N=2, 3, or 4) TUs, and only one TU of the CU has residual and the rest
N-1 TUs of the CUJ are inferred not to have residual. Besides, the transform type (L.,

30 the horizontal and vertical transform) of the TU with residual is obtained or selected
from a transform type set specified by the transform mode. In other words, each of the
new transform modes specities TU partitioning, the only one TU with residual, and
the transform type set of the TU with residual.

[0186] An embodiment of present disclosure describes the process of decoding a
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coding unit. A bitstream containing at least one picture of video data is decoded. A
picture 18 split mto a plurality of rectangular image regions and ecach region
corresponds to a Coding Tree Unit (CTU). A CTU s partitioned into a plurality of

coding units, according to block partition information contained in the bitstream.

o

Coding information of the coding units are parsed from the bitstream, and pixels of
the coding onits are reconstructed based on the coding information. The coding
information contains prediction information and transform information.
{0187} The prediction information indicates the prediction mode of the CU (e,
inter prediction or intra prediction). If the prediction mode is intra prediction, the
10 prediction information may further contain intra prediction mode, such as the Planar
mode, DC mode, and angular mode in HEVC and VVC. If the prediction mode is
inter prediction, the prediction information may further contain whether using Skip
mode or Merge mode or AMVP (advanced motion vector prediction) mode, merge
candidate index, inter prediction direction, reference frame index, motion vector,
15 whether using affine-model based prediction, ete.
[6188] The transform information indicates the transform mode of the CU and the
transform coefficients associated with one or more TUs in the CU. Apart from the
conventional transform mode that residnal of a CU is transformed in a TU of the same
size as that of the CU, this embodiment also utilizes new transform modes, For cach
20 of'the new transform modes, a CU is tiled into N (N=2, 3, or 4) TUs, and only one TU
has residual and the rest N-1 TUs are mferred not to have residual. Besides, the
transform type (i.e., the horizontal and vertical transform) of the TU with residnal is
specified by the transtorm mode.

10189] In one example, the new transform modes mclude the following four

[\
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modes 0, Q1, Q2 and Q3, as illustrated in Fig. 6. For each of the four modes, a CU
of size WxH 1s divided into 4 TUs of size (W/2)x{H/2), namely the top-left TUG, the
top-right TU1, the bottom-left TUZ and the bottom-right TU3. Only one of the TUQ,
TUL, TU2 and TU3 has residual. The TU with residual has a transform type set
including two transform types, namely a first transform type and a second transform
30 type, and the transform types are dependent on the transtorm mode (Le. the transform
type set are corresponding to the transform mode). The actual transform type used by
the TU with residual is signaled in bitstream, ¢.g., signaled by a flag or an index.

1) Transform mode Q0: TUO has residual; a first transform type is that the

horizontal transform and wvertical transform of TUQ are DCT-8 and DCT-8,
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respectively, and a second transform type is that the horizontal transform and vertical
transform of TUO are DST-7 and DST-7, respectively.
2y Transform mode Q1: TU! has residual; a first transform type is that the

horizontal transform and vertical transform of TUI are DST-7 and DCT-R,

o

respectively, and a second transform type is that the horizontal transform and vertical

transtorm of TUT are DCT-8 and DST-7, respectively.

3) Transform mode Q2: TU2 has residual; a first transform type is that the
horizontal transform and vertical transform of TU2 are DCT-§8 and DST-7,
respectively, and a second transform type is that the horizontal transform and vertical
10 transtorm of TUZ are DST-7 and DCT-§, respectively.

4) Transform mode 33: TU3 has residual; a first transform type is that the
horizontal transform and vertical transform of TU3 are DST-7 and DST-7, respectively,
a second transform type is that the horizontal transtorm and vertical transform of TU3
are DCT-8 and DCT-8, respectively.

15 In this example, the secound transform type is dependent on the first
transform type. If the horizontal transform of the first transform type is DCT-8 {or
DST-7), the horizontal transform of the sccond transtorm type is DST-7 (or DCT-8), If
the vertical transform of the first transform type is DCT-8 {or DST-7), the vertical
transform of the second transform type is DST-7 (or DCT-8).

20 In another example, the second transform type is always DCT-2/DCT-2 for

Transform modes Q0, Q1, Q2, and Q3.

In another example, the TU with residual has a transform type set including
four transform types, and the four transform types are the same for cach transform

mode among Q0, Q1, Q2 and Q3. The transform type used by the TU with residual is

[\
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signaled in bitstream, e.g., signaled by two flags or signaled by truncated unary code.
The four transform types are as follows:

Transtorm type 1: a horizontal transform of the residual TU is DST-7 and a
vertical transform of the residual TU 158 DST-7, denoted as DST-7/DST-7;

Transform type 2: a horizontal transform of the residual TU s DST-7 and a
30 wertical transform of the residual TU is DCT-8, denoted as DST-7/DCT-8;

Transform type 3: a horizontal transform of the residual TU is DCT-8 and
a vertical transform of the residual TU is DST-7, denoted as DCT-8/DST-7;

Transform type 4: a horizontal transform of the residual TU is DCT-8 and

a vertical transform of the residual TU is DCT-8, dencted as DCT-8/DCT-8.
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In alterative implementation manuner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in one

example, the new transform modes mchude the following four modes Q0, 1, Q2 and

o

(23, as illustrated in Fig. 6. For cach of the four modes, a CU of size WxH is divided

into 4 TUs of size (W/2)<(H/2), namely the top-left TUQ, the top-right TU1, the

bottom-left TUZ and the bottom-right TU3. Only one of the TUG, TU1, TUZ and TU3

has residual., The TU with residual has & transform type set including two transform

types, namely a first transform type and a second transform type, and the transform

10 types arc dependent on the transform mode (ic. the transform type set are
corresponding to the transform mode}). The actual transform type used by the TU with
residual is signaled in bitstream, ¢.g., signaled by a flag or an index.

1) Transform mode Q0: TUD has residual; a first transtorm type is that the
horizontal transform and vertical transform of TUO are DCT-4 and DCT-4,

15 respectively, and a second transform type is that the horizontal transform and vertical
transform of TUG are DST-4 and DST-4, respectively.

2) Transform mode Q1: TUI has residual; a first transform type is that the
horizontal transform and wvertical transform of TUl are DST-4 and DCT-4,
respectively, and a second transform type is that the horizontal transform and vertical

20 transform of TUT are DCT-4 and DST-4, respectively.

3) Transform mode Q2: TUZ2 has residual; a first transform type is that the
horizontal transform and vertical transform of TUZ are DCT-4 and DST-4,
respectively, and a second transform type is that the horizontal transform and vertical

transtorm of TU2 are DST-4 and DCT-4, respectively.

[\
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4} Transform mode Q3: TU3 has residual; a first transform type is that the
horizountal transform and vertical transform of TU3 are DST-4 and DST-4, respectively,
a second transform type is that the horizontal transform and vertical transform of TU3
are DCT-4 and DCT-4, respectively.

In this example, the second transform type is dependent on the first
30 transform type. If the horizontal transform of the first transform type s DCT-4 (or
DST-4), the horizontal transform of the second transform type is DST-4 (or DCT-4). 1f
the vertical transform of the first transform type is DCT-4 (or DST-4), the vertical
transform of the second transform type is DST-4 (or DCT-4).

In another example, the second transform type is always DCT-2/DCT-2 for
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Transform modes (30, Q1, Q2, and Q3.
In another example, the TU with residual has a transform type set including
four transform types, and the four transform types are the same for cach transform

mode among G0, Q1, Q2 and Q3. The transform type used by the TU with residual is

o

signaled in bitstream, ¢.g., signaled by two flags or signaled by truncated unary code.
The four transform types are as follows:
Transform type 1: a horizontal transform of the residual TU s DST-4 and a
vertical transform of the residual TU is DST-4, denoted as DST-4/DST-4;
Transform type 2: a horizontal transform of the residual TU is DST-4 and a
10 wvertical transform of the residual TU is DCT-4, denoted as DST-4/DCT-4;
Transform type 3: a horizontal transform of the residual TU is DCT-4 and
a vertical transform of the residual TU 1s DST-4, denoted as DCT-4/DST-4;
Transform type 4: a horizontal transform of the residual TU 1s DCT-4 and
a vertical transform of the residual TU is DCT-4, denoted as DCT-4/DCT-4,
is
[6198] For the TU having residual, coded block flags (cbf) of three components,
1¢., the Ch, Cr and Y components, may be parsed from bitstream, and the value of at
feast onc cbf of the three components is 1. For each of the rest TUs without residual,
the cbfs of all color components are inferred to be 0, 1.e., the ¢bfs are not parsed from
20 Dbitstream.
(0191} In another example, the new transform modes inchude the following four
modes HQO, HQ1, VOO and V{}1, as illustrated in Fig. 7. For each of the four modes,
a CU of size W~H 15 divided into two TUs of unequal size, and only the smaller-sized

TU has residual. The TU with residual has a transform type set icluding two
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transform types, namely a first transform type and a second transform type, and the
transform types are dependent on the transform mode. The actual transform type used
by the TU with residual is signaled in bitstream, ¢.g., signaled by a flag.

1} Transform mode HQO: the CU 1s divided by a horizontal split into two TUs,
TUG of size Wx{H/4) and TUL of size Wx(3H/4); the top TUO has residual; the
30 transform type is selected from a transform type set; the transform type set includes
two transform types, wherein a first transform type is that the horizontal transform of
TUOG is a pre-defined core transform, e.g., DST-7 or DCT-2, and the vertical transform
of TUO is DCT-8; a second transform type is that the horizontal transformof TUD is a
pre-defined core transform, ¢.g., DCT-8 or DCT-2, and the vertical transform of TUO

-
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is DST-7. As an examiple, the horizontal transform of the first transform type of TUO
is always DST-7or is always DCT-2. As another example, the horizontal transform of
the first transform type of TUO is DCT-2 if the width of TUO is larger than a threshold

MaxMitsSize (e.g., MaxMisSize = 32), and the horizontal transform of the first

o

transform type of TUQ is DST-7 if the width of TUO is equal to or less than the
threshold MaxMtsSize. As an example, the horizontal travsform of the second
transform type of TUQ is always DCT-8 or is always DCT-2. As another example, the
horizontal transtorm of the second transform type of TUQ is DCT-2 if the width of
TUO is larger than a threshold MaxMtsSize {e.g., MaxMisSize = 32), and the
10 horizontal transform of the second transform type of TUO is DCT-8 if the width of
TUO is equal to or less than the threshold MaxMisSize.
2} Transform mode HQ1: the CU is divided by a horizontal split into two TUs,
TUO of size Wx{(3H/4) and TUT of size Wx{H/4); the bottom TUI has residual; the
transform type is selected from a transform type set; the transform type set includes
15 two transform types, wherein a first transform type is that the horizontal transform of
TU1 is a pre-defined core transform, e.g., DST-7 or DCT-2, and the vertical transform
of TU1 is DST-7; a second transform type is that the horizontal transform of TUl s a
pre-defined core transform, e.g., DCT-8 or DCT-2, and the vertical transform of TU1
s DCT-R:,
20 3) Transform mode VQU: the CU is divided by a vertical split into two TUs, TUG
of size (W/4)xH and TU1 of size (3W/4)<H; the left TUOQ has residual; the transform
type is selected from a transform type set; the transform type set includes two
transtorm types, wherein a first transform type is that the horizontal transform of TUO

is DCT-8, and the vertical transform of TUO 13 a pre-defined core transform, ¢.g.,
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DST-7 or BCT-2; a second transform type is that the horizontal transform of TUO is
DST-7, and the vertical transform of TUD is a pre-defined core transform, e.g., DCT-8
or DCT-2. As an example, the vertical transform of the first transform type of TUQ is
always DST-7 or is always DCT-2. As another example, the vertical transtorm of the
first transform type of TUG is DCT-2 if the height of TUG is larger than a threshold
30 MaxMitsSize (e.g., MaxMisSize = 32}, and the vertical transform of the first transform
type of TUG is DST-7 if the height of TUG is equal to or less than the threshold
MaxMtsSize. As an e¢xample, the vertical transform of the second transform type of
TUO is always DCT-8 or is always DCT-2. As another example, the vertical transform
of the second transform type of TUO is DCT-2 if the height of TUO is larger than a
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threshold MaxMtsSize {e.g., MaxMisSize = 32), and the vertical transform of the
second transform type of TUO is DCT-8 if the height of TUO 1s equal to or less than
the threshold MaxMtsSize.

4) Transtorm mode VQ1: the CU is divided by a vertical split into two TUs, TUD
of size (3W/4)xH and TU1 of size (W/4)xH; the right TU1 has residual; the transform

o

type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transform type is that the horizontal transform of TUT
is DST-7, and the vertical transform of TUI is a pre-defined core transform, ¢.g.,
DST-7 or DCT-2; a second transform type is that the horizontal transform of TUT 1is
10 DCT-8, and the vertical transform of TU1 s a pre-defined core transform, ¢.g., DCT-§
or PCT-2.
In another example, the second transform type is always DCT-2/DCT-2 for
HQO, HQI, VO, and VQI.
In another example, the TU with residual has a transform type set including
15 four transform iypes, e.g.. DST-7/DST-7, DST-7/DCT-8, DCT-8/DST-7, and
DCT-8/DCT-8, and the four transform types are the same for each transform mode

among HQO, HQ1, VQOU, and V1.

In alterative implementation manuner, DST-7 may be replaced with DST-4, and DCT-8
20 may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the new transform modes inchide the following four modes HQO,
HQ1, VQO0 and VQ1, as illustrated in Fig. 7. For each of the four modes, a CU of size
WxH is divided mnto two TUs of uncqual size, and only the smaller-sized TU has

residual. The TU with residoal has a transform type set including two transform types,
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namely a first transform type and a second transform type, and the transform types are
dependent on the transform mode. The actual transform type used by the TU with
residual is signaled in bitstream, e.g., signaled by a flag.

1} Transform mode HQO: the CU 1s divided by a horizontal split into two TUs,
TUG of size Wx{H/4) and TUL of size Wx(3H/4); the top TUO has residual; the
30 transform type is selected from a transform type set; the transform type set includes
two transform types, wherein a first transform type is that the horizontal transform of
TUOG is a pre-defined core transform, ¢.g., DST-4 or DCT-2, and the vertical transform
of TUO is DCT-4; a second transform type is that the horizontal transformof TUD is a

pre-defined core transform, ¢.g., DCT-4 or DCT-2, and the vertical transform of TUO
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is DST-4. As an example, the horizontal transform of the first transform type of TUO
is always DST-4 or is always DCT-2. As another example, the horizontal transform of
the first transform type of TUO is DCT-2 if the width of TUO is larger than a threshold

MaxMitsSize (e.g., MaxMisSize = 32), and the horizontal transform of the first

o

transform type of TUQ is DST-4 if the width of TUO is equal to or less than the
threshold MaxMtsSize. As an example, the horizontal travsform of the second
transform type of TUQ is always DCT-4 or is always DCT-2. As another example, the
horizontal transtorm of the second transform type of TUQ is DCT-2 if the width of
TUO is larger than a threshold MaxMtsSize {e.g., MaxMisSize = 32), and the
10 horizontal transform of the second transform type of TUO is DCT-4 if the width of
TUO is equal to or less than the threshold MaxMisSize.
2} Transform mode HQ1: the CU is divided by a horizontal split into two TUs,
TUO of size Wx{(3H/4) and TUT of size Wx{H/4); the bottom TUI has residual; the
transform type is selected from a transform type set; the transform type set includes
15 two transform types, wherein a first transform type is that the horizontal transform of
TU1 is a pre-defined core transform, e.g., DST-4 or DCT-2, and the vertical transform
of TU1 is DST-4; a second transform type is that the horizontal transform of TUl s a
pre-defined core transform, e.g., DCT-4 or DCT-2, and the vertical transform of TU1
is DCT-4;.
20 3) Transform mode VQU: the CU is divided by a vertical split into two TUs, TUG
of size (W/4)xH and TU1 of size (3W/4)<H; the left TUOQ has residual; the transform
type is selected from a transform type set; the transform type set includes two
transtorm types, wherein a first transform type is that the horizontal transform of TUO

is DCT-4, and the vertical transform of TUO 3 a pre-defined core transform, ¢.g.,
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DST-4 or BCT-2; a second transform type is that the horizontal transform of TUO is
DST-4, and the vertical transform of TUD is a pre-defined core transform, e.g., DCT4
or DCT-2. As an example, the vertical transform of the first transform type of TUQ is
always DST-4 or is always DCT-2. As another example, the vertical transtorm of the
first transform type of TUG is DCT-2 if the height of TUG is larger than a threshold
30 MaxMitsSize (e.g., MaxMisSize = 32}, and the vertical transform of the first transform
type of TUG is DST-4 if the height of TUG is equal to or less than the threshold
MaxMtsSize. As an e¢xample, the vertical transform of the second transform type of
TUO is always DCT-4 or is always DCT-2. As another example, the vertical transform
of the second transform type of TUO is DCT-2 if the height of TUO is larger than a
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threshold MaxMtsSize {e.g., MaxMisSize = 32), and the vertical transform of the
second transform type of TUO is DCT-4 if the height of TUO 1s equal to or less than
the threshold MaxMisSize.

4) Transform mode VQ1: the CU is divided by a vertical split into two TUs, TUD

o

of size (3W/4)xH and TU1 of size (W/4)xH; the right TU1 has residual; the transform
type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transform type is that the horizontal transform of TUT
is DST-4, and the vertical transform of TUI is a pre-defined core transform, ¢.g.,
DST-4 or DCT-2; a second transform type is that the horizontal transform of TUT 1is
10 DCT-4, and the vertical transform of TUL is a pre-defined core transform, e.g., DCT-4
or PCT-2.
In another example, the second transform type is always DCT-2/DCT-2 for
HQO, HQI, VO, and VQI.
In another example, the TU with residual has a transform type set including
15 four transform iypes, e.g.. DST-4/DST4, DST-4/DCT-4, DCT-4/DST-4, and
DCT-4/DCT-4, and the four transform types are the same for each transform mode
among HQO, HQ1, VQOU, and V1.
It should be noted that a DST or DCT transform can be implemented using
matrix multiplication, or can be implemented using partial butter-fly structure, or can
20 be umplemented as transform adjustment filtering with inverse DCT-2 transform as
mtroduced in JVET-L0386. The method in JVET-LO386 is a way to approximatc a
target DST type (e.g., DST-7) or a target DCT type (e.g., DCT-8 or BCT-4) with an
adjustment filter as pre-processing and inverse of DCT-2.
[6192] In one example, the new transform modes include the following four

modes HHO, HH1, VHO and VH1, as illustrated in Fig. 8. For each of the four modes,
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a CU of size WxH is divided into two TUs of equal size, and only ove TU has
residual. The TU with residual has a transform type set including two transform types,
namely a first transform type and a second transform type, and the transform types
{i.e.the transform type set) are dependent on the transform mode. The actual transform
30 type used by the TU with residual is signaled in bitstream, ¢.g., signaled by a flag.
1) Transform mode HH{: the CU s divided by a horizontal split into two TUs,
TUG of size Wx(H/2) and TU1 of size Wx(H/2); the top TUO has residual; the
transform type is selected from a transform type set; the transform type set

mchudes two transform types, wherein a first transform type is that the horizontal

.
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transtorm of TUQ is a pre-defined core transform, e.g., DST-7 or DCT-2, and the
vertical transform of TUO is DCT-8; a second transform type is that the horizontal
transform of TUO is a pre-defined core transform, ¢.g., DCT-8 or DCT-2, and the

vertical transform of TUOQ is DST-7. As an exaruple, the horizontal transform of

o

the first transform type of TUG is always DST-7 or is always DCT-2. As another
exaruple, the horizontal transform of the first transform type of TUG s DCT-2 if
the width of TUQ is larger than a thresheld MaxMtsSize (e.g., MaxMitsSize = 32},
and the horizontal transform of the first transform type of TUQ 1s DST-7 if the
width of TUQ is equal to or less than the threshold MaxMtsSize. As an example,
10 the horizontal transform of the second transform type of TUO 15 always DCT-8 or
is always DCT-2. As another example, the horizontal transform of the second
transform type of TUQ is DCT-2 if the width of TUG is larger than a threshold
MaxMitsSize (e.g., MaxMisSize = 32), and the horizontal transform of the second
transform type of TUG is DCT-8 if the width of TUG is equal to or less than the

15 threshold MaxMtsSize.
2) Transform mode HHI: the CU is divided by a horizontal split into two TUs,
TUO of size Wx{H/2) and TUL of size Wx(H/2); the bottormn TU1 has residual; the
transform type is selected from a transform type set; the transform type set includes
two transform types, wherein a first transtorm type is that the horizoutal travsform of
20 TUI is a pre-defined core transform, e.g., DST-7 or DCT-2, and vertical transform of
TU1 is DST-7; a second transform type is that the horizontal transform of TUl s a
pre-defined core transform, e.g., DCT-8 or DCT-2, and vertical transform of TU1L is

DCT-8.

3} Transform mode VHO: the CU is divided by a vertical split into two TUs, TUO

of size {(W/2)xH and TU1 of size (W/2)xH; the left TUQ has residual; the transform
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type is selected from a transform type set; the transform type set includes iwo
transform types, wherein a first transform type is that the horizontal transform of TUO
is DCT-8, and vertical transform of TUO is a pre-defined core transform, e.g., DST-7
or DCT-2Z; a second transform type is that the horizontal transform of TUG is DST-7,
30 and vertical transform of TUO 1s a pre-defined core transform, ¢.g., DCT-8 or DCT-2.
As an example, the vertical transform of the first transform type of TUG is always
DST-7 or is always DCT-2. As another example, the vertical transform of the first
transform type of TUG s DCT-2 if the height of TUQ is larger than a threshold
MaxMtsSize {e.g., MaxMisSize = 32), and the vertical transform of the first transform
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type of TUOQ is DST-7 if the height of TUO is equal to or less than the threshold
MaxMtsSize. As an example, the vertical transtorm of the second transform type of
TUO is always DCT-8 or is always DCT-2. As another example, the vertical transform

of the second transtorm type of TUQ is DCT-2 if the height of TUO is larger than a

o

threshold MaxMtsSize {e.g., MaxMisSize = 32), and the vertical transform of the
second transform type of TUO is DCT-8 if the height of TUO 1s equal to or less than
the threshold MaxMtsSize.

4) Transform mode VH1: the CU is divided by a vertical split into two TUs, TUO
of size {(W/2)xH and TUT of size (W/2)xH; the right TU1 has residual; the transform
10 type is selected from a transform type set; the transform type sct inchudes two

transform types, wherein a first transform type is that the horizontal transform of TU1
is DST-7, and vertical transform of TUI is a pre-defined core transform, e.g., DST-7
or DCT-2; a second transform type is that the horizontal transtform of TUL is DCT-8,
and vertical transform of TU1 is a pre-defined core transform, ¢.g., DCT-8 or DCT-2.
15
In alterative implementation manner, DST-7 may be replaced with BST-4, and DCT-§
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in one
example, the new transform modes include the following four modes HHO, HHI,
VHO and VHI, as illustrated in Fig. 8. For each of the four modes, a CU of size WxH
20 s divided into two TUs of equal size, and only one TU has residual. The TU with
residual has a transform type sct including two transform types, namely a first
transform type and a second transform type, and the transform types (i.e.the transform
type set) are dependent on the transform mode. The actual transform type used by the

TU with residual is signaled in bitstream, ¢.g., signaled by a flag.
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1) Transform mode HHO: the CU is divided by a horizontal split into two TUs,
TUO of size Wx(H/2) and TU1 of size Wx(H/2); the top TUD has residual; the
transform type is selected from a transform type set; the transform type set
includes two transform types, wherein a first transform type is that the horizontal
transform of TUD is a pre-defined core transform, e.g., D8T-4 or DCT-2, and the
30 vertical transform of TUO is DCT-4; a second transtorm type is that the horizontal
transform of TUG is a pre-defined core transform, e.g., DCT-4 or DCT-2, and the
vertical transform of TUO 15 DST-4. As an example, the horizontal transform of
the first transform type of TUO is always DST-4 or is always DCT-2. As another
example, the horizontal transform of the first transtorm type of TUO is DCT-2 if
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the width of TUG is larger than a threshold MaxMtsSize (e.g., MaxMtsSize = 32),
and the horizonial transform of the first transform type of TUO is DST-4 if the
width of TUO is equal to or less than the threshold MaxMtsSize. As an example,

the horizontal transform of the second transform type of TUO s always DCT-4 or

o

is always DCT-2. As another example, the horizontal transform of the second

transtorm type of TUQ is DCT-2 if the width of TUQ is larger than a threshold

MaxMtsSize (e.g., MaxMtsSize = 32), and the horizontal transform of the second

transform type of TUOQ 1s DCT-4 if the width of TUO is equal to or less than the

threshold MaxMisSize.

10 2) Transform mode HHIL: the CU 1s divided by a horizontal split into two TUs,
TUG of size Wx(H/2) and TU1 of size Wx(H/2); the bottom TU! has residual; the
transform type is selected from a transform type set; the transform type set includes
two transform types, wherein a first transform type is that the horizontal transform of
TU1 is a pre-defined core transform, e.g., DST-4 or DCT-2, and vertical transform of

15 TU1 is DST-4; a secound transform type is that the horizontal transform of TUl is a
pre-defined core transform, e.g., DCT-4 or DCT-2, and vertical transform of TUT is
DCT-4.

3} Transform mode VHUO: the CU is divided by a vertical split into two TUs, TUD
of size (W/2yxH and TU1 of size (W/2)xH; the left TUO has residual; the transform

20 type is selected from a transform type set; the transform type set includes two

transform types, wherein a first transform type is that the horizontal transform of TUO

is DOT-4, and vertical transform of TUO is a pre-defined core transform, e.g., DST-4
or DCT-2; a second transform type is that the horizontal transform of TUO 15 DST-4,

and vertical transform of TUO is a pre-defined core transform, e.g., DCT-4 or DCT-2.
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As an example, the vertical transform of the first transform type of TUO is always
DST-4 or is always DCT-2. As another example, the vertical transform of the first
transform type of TUQ is DCT-2 if the height of TUO is larger than a threshold
MaxMtisSize (¢.g., MaxMtsSize = 32), and the vertical transtorm of the first transform
type of TUG is DST-4  if the height of TUD is equal to or less than the threshold
30 MaxMitsSize, As an example, the vertical transform of the second transtorm type of
TUO is always DCT-4 or is always DCT-2. As another example, the vertical transform
of the sccond transform type of TUO is DCT-2 if the height of TUOQ is larger than a
threshold MaxMtsSize (e.g., MaxMisSize = 32}, and the vertical transform of the

second transform type of TUO is DCT-4 if the height of TUO 1s equal to or less than
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the threshold MaxMtsSize.
4} Transform mode VHI: the CU is divided by a vertical split into two TUs, TUO
of size (W/2)xH and TU1 of size (W/2)xH; the right TU1 has residual; the transform

type is selected from a transform type set; the transform type set includes iwo

o

transform types, wherein a first transform type is that the horizontal transtorm of TU1
is DST-4, and vertical transform of TUI is a pre-defined core transform, e.g., DST-4
or DCT-2; a second transform type is that the horizontal transform of TU1 is DCT-4,
and vertical transform of TU1 is a pre-defined core transform, e.g., DCT-4 or DCT-2.

ln another example, the second transform type is always DCT-2/DCT-2 for
10 HHO, HHI, VHO, and VHI.

In another example, the TU with residual has a transform type set including
four transform types, e.g., DST-7/DST-7, DST-7/DCT-8, DCT-8/DST-7, and
DCT-8/BCT-8, and the four transform types are the same for each transform mode
among HHO, HHI1, VHO, and VH1.

15 In alterative implementation manner, DST-7 may be replaced with DST-4,
and DCT-8 may be replaced with DCT-4 throughout the present disclosure.
Accordingly, in another example, the TU with residual has a transform type set
including four transform types, ¢.g., DST-4/DST-4, DST-4/DCT-4, DCT-4/DST-4, and
DCT-4/DCT-4, and the four transform types are the same for cach transform mode

20 among HHO, HHI, VHO, and VHI.

18193} In another example, the new transform modes include the following two
modes HH2, and VH2, as illustrated in Fig. 9. For cach of the two modes, a CU of

size WxH is divided ito three TUs, and only the TU of half size of the CU has
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residual. The TU with residual has a transform type set including two transform types,
namely a first transform type and a second transform type, and the transform types are
dependent on the transform mode. The actual transform type used by the TU with
residual 1s signaled in bitstream, e.g., signaled by a flag,

1} Transform mode HH2: the CU is divided in horizontal direction into three
30 TUs, TUQ of size Wx(H/4), TUT of size Wx(H/2), TUZ of size Wx(H/4); the center
TUT has residual; the transform type is selected from a transform type set; the
transtorm type set includes two transtorm types, wherein a first transtorm type is that
the horizontal transform and vertical transform of TUO are DST-7 and DCT-2 {(or
DST-7 and DST-1), respectively; a second transform type is that the horizontal

31



WO 2019/076206 PCT/CN2018/109361

transform and vertical transform of TUO are DCT-8 and DCT-2 {or DCT-8 and DST-13,
respectively.
2} Transform mode VH2: the CU is divided in vertical direction into three

TUs, TUD of size (W/d)xH, TUL of size (W/2)xH, and TUZ2 of size (W/4)<H; the

o

center TU1 has residual; the transform type is selected from a transform type set; the
transform type set includes two transforro types, wherein a first transform type is that
the horizontal transform and vertical transform of TU! are DCT-2 and DST-7 {(or
DST-1 and DST-7), respectively; a second transform type is that the horizontal
transform and vertical transform of TUT are DCT-2 and DCT-8 {or DST-1 and DCT-8),
10 respectively.
In another example, the second transform type is always DCT-2/DCT-2 for
HH2 and VHZ.
In another example, the TU with residual has a transform type set including
four transform types, e.g., DST-7/DST-7, DST-7/DCT-8, DCT-8/DST-7, and
15 DCT-8/DCT-8, and the four transform types are the same for cach transform mode

bhetween HH2 and VH2.

In alterative implementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
20 another example, the new transform modes inchude the following two modes HH2,
and VH2, as tllustrated in Fig. 9. For each of the two modes, a CU of size WxH is
divided into three TUs, and only the TU of half size of the CU has residual, The TU
with residual has a transform type set including two transtorm types, namely a first

transtorm type and a second transform type, and the transform types are dependent on
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the transform mode. The actual transform type used by the TU with residual is
signaled i bitstream, ¢.g., signaled by a flag.

1} Transform mode HHZ2: the CU is divided in horizontal direction into three
TUs, TUO of size Wx{H/4), TUI of size Wx{H/2), TUZ of size Wx{H/4); the center
TUI has residual; the transform type is selected from a transform type set; the
30 transform type set includes two transform types, wherein a first transform type is that
the horizontal transform and vertical transform of TUO are DST-4 and DCT-2 (or
DST-4 and DST-1), respectively; a sccond transform type is that the horizontal
transform and vertical transform of TUG are DCT4 and DCT-2 (or DCT-4 and DST-1),
respectively.
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2y Transform mode VH2: the CU is divided in vertical direction into three
TUs, TUOG of size (W/4)=<H, TUI of size (W/2)xH, and TU2 of size (W/4)=<H; the
center TUT has residual; the transform type is selected from a transform type set; the

transform type set includes two transform types, wherein a first transform type s that

o

the horizontal transform and vertical transform of TU1 are DCT-2 and DST-4 (or
DST-1 and DST-4), respectively; a second transform type is that the horizontal
transform and vertical transform of TUT are DCT-2 and DCT-4 (or DST-1 and DCT-4),
respectively.

ln another example, the second transform type is always DCT-2/DCT-2 for
10 HH2 and VH2.

In another example, the TU with residual has a transform type set including
four transform types, e.g., DSTA/DST4, DST-4/DCT-4, DCT-4/DST-4, and
DCT-4/DCT-4, and the four transform types are the same for each transform mode
between HH2 and VH2.

15
(6194} In another example, the new transform modes inclade the following four
modes QHO, QHI, QH2 and QH3, as illustrated in Fig. 10. For cach of the four modes,
a CU of size WxH is divided into 3 TUs, two of which are of size (W/2)<(H/2), and
the other one 1s of size Wx{(H/2), namely TUG, TUI and TUZ2, Only one of the TUs of
20 size (W/23=(H/2) has residnal. The TU with residual has a transform type set
mchiding two transform types, namely a first transform type and a sccond transform
type, and the transform types are dependent on the transform mode. The actual
transtorm type used by the TU with residual is signaled in bitstream, ¢.g., signaled by

a flag.
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1) Transform mode QHO: the top-left TUQ has residual; the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that the horizontal transform and vertical
transtorm of TUO are DCT-8 and DCT-8, respectively; a second transform type is that
the horizontal transform and vertical transform of TUD are DST-7 and DST-7,
30 respectively.

2} Transform mode QHI: the top-right TU1 has residual; the transform type
is sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that the horizontal transform and vertical

transform of TUL arc DST-7 and DCT-§, respectively; a second transform type is that
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the horizontal transform and vertical transform of TU! are DCT-8 and DST-7,
respectively.
3) Transform mode QHZ2: the bottom-left TU1 has residual; the tfransform type

is selected from a transform type set; the transform type set includes two transform

o

types, wherein a first transform type is that the horizontal transform and vertical
transform of TUL are DCT-8 and DST-7, respectively; a second transform type is that
the horizontal transform and wvertical transform of TU1 are DST-7 and DCT-S,
respectively.
4} Transform mode (JH3: the bottome-right TUZ has residual; the transform
10 type is selected from a transform type set; the transform type sct inchudes two
transform types, wherein a first transform type is that the horizontal transform and
vertical transform of TUZ are DST-7 and DST-7, respectively; a second transform
type is that the horizoutal transform and vertical transform of TUZ are DCT-8 and
DCT-B, respectively.
15 In another example, the second transform type is always DCT-2/DCT-2 for
QHO, QH1, QHZ, and QH3.
In another example, the TU with residual has a transtorm type set including
four transform types, e.g., DST-7/DST-7, DST-7/DCT-8, DCT-8/DST-7, and
DCT-8/DCT-R, and the four transform types are the same for cach transform mode

20 among QHO, QHI, QHZ, and QH3.

In alterative tmplementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the new transform modes include the following four modes QHO,

(JH1, QH2 and QH3, as illustrated in Fig. 10. For each of the four modes, a CU of
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size WxH is divided into 3 TUs, two of which are of size (W/2)x(H/2), and the other

one is of size Wx(H/2), namely TUQ, TU1 and TU2Z. Only one of the TUs of size

(W/2)x(H/2) has residual. The TU with residual has a transform type set including

two transform types, namely a first transform type and a second transform type, and

30 the transform types are dependent on the transtorm mode. The actual transform type
used by the TU with residual is signaled in bitstream, e.g., signaled by a flag.

1} Transform mode QHO: the top-left TUO has residual; the transform type 18

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that the horizontal transform and vertical
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transform of TUQ are DCT-4 and DCT-4, respectively; a second transform type is that
the horizontal transform and vertical transform of TUO are DST-4 and DST-4,
respectively.

2} Transform mode QHI: the top-right TU1 has residual; the transform type

o

is selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type s that the horizontal transform and vertical

transform of TUL are DST-4 and DCT-4, respectively; a second transform type is that
the horizontal transform and wvertical transform of TUI are DCT-4 and DST-4,
respectively.

10 3) Transform mode QHZ2: the bottom-left TU1 has residual; the transform type
is selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that the horizontal transform and vertical
transform of TUL are DCT-4 and DST-4, respectively; a second transform type is that
the horizontal transform and vertical transform of TUL are DST-4 and DCT-4,

15 respectively.

4) Transtorm mode QH3: the bottom-right TU2 has residual; the transform
type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transform type is that the horizontal transform and
vertical transform of TUZ2 are DST-4 and DST-4, respectively; a second transform

20 type is that the horizontal transform and vertical transform of TU2 are DUT-4 and

DCT-4, respectively,

ln another example, the second transform type is always DCT-2/DCT-2 for

QHO, QH1, QH2, and QH3.

In another example, the TU with residual has a transform type set inclading

four transform types, e.g., DSTA/DST4, DST-4/DCT-4, DCT-4/DST-4, and
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DCT-4/DCT-4, and the four transform types are the same for each transform mode

among (QHO, QHIL, QH2, and QH3.

[¢195] In one example, the new transform modes include the following four
30 modes QVO, QV1, QV2 and V3, as illustrated in Fig, 11. For cach of the four modes,
a CU of size WxH is divided into 3 TUs, two of which are of size {W/2)x(H/2}, and
the other one 1s of size (W/2)xH, namely TUO, TUI and TU2, Only one of the TUs of
size (W/23=(H/2) has residnal. The TU with residual has a transform type set
mchiding two transform types, namely a first transform type and a sccond transform
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type, and the transform types are dependent on the transform mode. The actual
transtorm type used by the TU with residual is signaled in bitstream, e.g., signaled by
a flag,

1} Transform mode QVO: the top-left TUQ has residual; the transform type is

o

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type s that the horizontal transform and vertical

transform of TUQ are DCT-8 and DCT-§, respectively; a second transform type is that
the horizontal transform and vertical transform of TUO are DST-7 and DST-7,
respectively.

10 2) Transform mode QV1: the top-right TU1 has residual; the transform type
is selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that the horizontal transform and vertical
transform of TUL are DST-7 and DCT-§, respectively; a second transform type is that
the horizontal wransform and wvertical transform of TUI are DCT-8 and DST-7,

15 respectively.

3) Transform mode QV2: the bottom-left TUT has residual; the transform
type is selected from a transform type set; the transform type set includes two
transform types, wherein a first transform type is that the horizontal transform and
vertical transform of TUI are DCT-8 and DST-7, respectively; a second traunsform

20 type is that the horizontal transform and vertical transform of TUL are DST-7 and

DCT-8, respectively,

4y Transform mode V3: the bottom-right TUZ2 has residual; the transform
type 15 selected from a transform type set; the transform type sct inchudes two

transform types, wherein a first transforro type is that the horizontal transform and
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vertical transform of TUZ are DST-7 and DST-7, respectively; a second transform
type is that the horizoutal transform and vertical transform of TUZ are DCT-8 and
DCT-B, respectively.

In another example, the sccond transform type is always DCT-2/DCT-2 for
QV0, QV1, QVZ, and QV3.
30 In another example, the TU with residual has a transform type set including
four transform types, e.g., DST-7/DST-7, DSTV7/DCT-8, DCI-8/DST-7, and
DCT-8/DCT-8, and the four transtorm types are the same for cach transform mode

among V0, GV, QVZ, and QV3.
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In alterative implementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in one
example, the new transform modes include the following four modes QV0, QV1,

V2 and V3, as illustrated in Fig. 11, For each of the {four modes, a CU of size

o

WxH is divided into 3 TUSs, two of which are of size (W/2)<(H/2), and the other one
is of size (W/2)<H, namely TUO, TUI and TU2. Only one of the TUs of size
{(W/2y«(H/2) has residual. The TU with residual has a transform type set including
two transform types, namely a first transform type and a second transform type, and
the transform types are dependent on the transformy mode. The actual transform type
10 used by the TU with residual is signaled in bitsiream, ¢.g., signaled by a tlag.

1} Transform mode QVO: the top-left TUO has residual; the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that the horizoutal transform and vertical
transform of TUQ are DCT-4 and DCT-4, respectively; a second transform type is that

15 the horizontal transforra and vertical transform of TUOQ are DST-4 and DST-4,
respectively.

2} Transform mode QV1: the top-right TU1 has residual; the transform type
is selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type s that the horizontal transform and vertical

20 transform of TUT are DST-4 and DCT-4, respectively; a second transtorm type is that
the horizontal transform and wvertical transform of TUI are DCT-4 and DST-4,
respectively.

3) Transform mode QV2: the bottom-left TUI has residual; the transform

type is selected from a transform type set; the transform type set includes two
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transform types, wherein a first transform type is that the horizontal transform and
vertical transform of TUL are DCT-4 and DST-4, respectively; a second transform
type is that the horizontal transform and vertical transform of TUT are DST-4 and
DCT-4, respectively.

4y Transform mode QV3: the bottome-right TUZ2 has residual; the transform
30 type is sclected from a transform type set; the transform type set includes two
transform types, wherein a first transform type is that the horizontal transform and
vertical transform of TUZ2 are DST-4 and DST-4, respectively; a second transform
type is that the horizontal transform and vertical transform of TU2 are DCT-4 and

DCT-4, respectively,
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In another example, the second transform type is always DCT-2/DCT-2 for
QV0, OV, QV2Z, and V3.
In another example, the TU with residual has a transform type set including

four transform types, e¢.g., DST-4/DST-4, DST-4/DCT4, DCT-4/DST4, and

o

DCT-4/DCT-4, and the four transform types are the same for each transform mode

among QV0, QVI1, QV2, and QV3.

(0196} In one example, the new transform modes allowed for CUs include 6
modes among the above-mentioned modes: HHG, HH1, HH2, VHO, VHI and VH2. A
10 slice-level flag may be used to signal whether the 6 transtorm modes arc allowed for a
particular slice. Where the new transform modes allowed for CUs means that when
decoding a CU, the target transform mode for the residual TU of the CU can be
obtained amoung the new transform modes allowed for CUs. The new transform modes
allowed for CUs may be a subset of the above mentioned 22 transform modes, thus
15 can reduce the candidate transform modes for the target transform meode, so as {o
improve the decoding efficiency, and reduce the bits needed for transmitting the
mdex/indices for indicating the target transform mode, so as to saving the bandwidth
needed for transmitting the encoded video data. It shounld be noted that, the new
transtorm modes allowed for CUs may be pre-defined/preset or determined in real
20 time, when the new transform  modes  allowed for CUs  are
pre-defined/preset/determined, the decoder will know which new transform modes are

candidate transform modes for the residual TU of the CU.

16197} In one example, the new transform modes allowed for CUs include 8

modes among the above-mentioned modes: Q0, Q1, Q2, Q3, HQO, HQ1, V0, and
25 VQlL.

18198} In one example, the new transform modes allowed for CUs include 8

modes among the above-mentioned modes: QHO, QHI, QH2, QH3, HQO, HQT, VQO,

and VQI1.

6199} In one example, the new transform modes allowed for CUs include 8
30 modes among the above-mentioned modes: QVO0, GV, QV2, QV3, HQO, HQ1, Vi,

and V31,

162690] In one example, the new transform modes allowed for CUs include 8

modes among the above-mentioned transform modes: HHO, HH1, VHO, VHI, HQO,

HQ1, VG0, and VQI.



WO 2019/076206 PCT/CN2018/109361

16201} In one example, the new transform modes allowed for CUs include 12
modes among the above-mentioned modes: Q0, Q1, Q2, Q3, HQO, HQI, V0, VQI,
HHO, HH1, VHO and VHI.

162621 In one example, the new transform modes allowed for CUs inchide 14
modes among the above-mentioned modes: Q0, 1, Q2, Q3, HQO, HQ1, V0, VQI,
HHO, HH1, HH2, VHO, VHI and VHZ,

o

[6283] In one example, the new transform modes allowed for CUs include 14
modes among the above-mentioned modes: QHO, GHI, QH2, QH3, HQO, HQ1, Vi,
VI, HHO, HHI, HH2, VHO, VHIT and VH2.

10 [0204] In one example, the new transform modes allowed for a plurality of CUs in
a slice are signaled in sequence parameter set (SPS) or the slice header of the slice.
Modes HHO, HH1, HHZ, VHO, VHI and VHZ are grouped as a first group. Modes Q0,
(31, Q2, 3, HQO, HQ1, V0, and VQI are grouped as a second group. The enabling
of each group is signaling by one flag, i.e., a first flag is signaled to indicate whether

15 the first group of modes are allowed, and a second flag is signaled to indicate whether
the second group of modes are allowed.

[0205] In one example, the new transtorm modes allowed for a plurality of CUs in
a slice are signaled in sequence parameter set or the slice header of the slice. Modes
HHO, HH1, VHO and VHI are grouped as a first group. Modes QO0, 31, Q2 and (33

20 are grouped as a second group. Modes HQG, HQI, V0, and V1 are grouped as a
third group. One index is signaled to indicate which of the three groups are allowed.
Index value 0 indicates all three groups are not allowed, index valie 1 indicates only
the first group is allowed, index value 2 indicates the sccond group is allowed, index

value 3 indicates the third group s allowed, index value 4 indicates the second and the
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third groups are allowed, and index value 5 indicates all the three groups are allowed.

10206] The new transform modes may be applied to all CUs or applied to CUs
according to the prediction information of the CU. In one example, the new transform
modes are applied to intra-predicted CUs only. In another example, the new transform
modes are applied to inter-predicted CUs only. In another example, the new transform
30 modes may be allowed to CUs using specific inter prediction method (e.g., translation
mode! based motion compensation) but not allowed to CUs using other inter
prediction method (e.g., affine model based motion compensation). In another
example, the new transform modes may be allowed for CUs predicted by Merge mode
or by AMVP (advanced motion vector prediction) mode with 1/4-pel motion vector
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difference precision, but not allowed for CUs using affine merge mode, affine inter
mode or AMVP mode with 1-pel or 4-pel motion vector difference precision. In
another example, the new transform meodes may be allowed for CUs using Merge

mode with a merge index smaller than 2, but not allowed for CUs using Merge mode

o

with a merge index not smaller than 2. The Merge mode and AMVP mode can be

referred to in H.265/HEVC standard. Affine merge mode and affine inter mode can be

referred to i JEM (Joint Exploration Model) codec from JVET (Ioint Video

Exploration Team).

19207} The new transform modes may be allowed according to the size of the CU.

10 In one cxample, if a CU being tiled by onc of the transform mode results in a TU with
one side smaller than a threshold {e.g., 4, or 8, or 16 lama pixels etc.), the transform
mode is not allowed for the CUL In one example, if a CU being tiled by one of the
transform mode results in a TU with one side larger thao a threshold (e.g., 32, or 64,
or 128 luma pixels etc.), the transform mode is not allowed for the CU. In one

15 exarmple, a CU with one side (i.¢., width or height) larger than a threshold (e.g., 32 or

64 luma pixels) is not allowed to use the new transform modes.

[0208] Fig. 12 illustrates a decoding method of an cmbodiment of present

disclosure, includes:

16269} 1201, parsing a received bitstream (o obtain prediction information of a
26 Cl
10210} This 1s commonly used process in video decoding, such as parsing coding

unit and prediction unit syntax structure in H.2Z65/HEVC or H.266/VVC.
10211} 1202, obtaining a target transform mode of the residual TU when the CU

has only one residaal transform unit (TU) and the size of the residaal TU is less than

[\
941

the size of the CU; wherein the target transform mode specifies a TU partitioning
mode of the CU, the position of the residual TU {e.g., described by the index of the
residual TU among all the TUs of the CU, or described by the coordinates of the
top-left corner of the residual TU and the width and height of the residual TU), and a
transform type of the residual TU;

30 [0212] The target transform mode is any one of the above mentioned modes: Q0,
(31, Q2, 33, HOO, HQL, VG, VT, HHO, HHI, VHO, VHI, HH2, VH2, QHO, QHI,
QH2, QH3, OV, QV1, QV2 and QV3.

16213] In some implementation manners, in order to improve decoding efficiency,
the presence of transform unit information in the CU is first checked, Where The
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presence of transform unit information may be indicated by a root cbf syntax element.
Root ¢hf equal to § indicates the transform unit information of the CU is not present
in the bitstream (i.¢., the CU does not have residual), while root cbf egual to 1

ndicates the transform unit information of the CU is present in the bitstream. For an

o

inter-predicted CU, root ¢bf equal to 1 implies that the CU has residual. Step 1102 is
performed when the CU has transform unit information. When the CU does not have
transform unit information, the residual of the CU is set as zero and perform step 1105
directly.
18214} 1203, parsing the received bifstream to obtain transform coefficients of the
10 reswdual TU;
[6215] This is commonly used process in video decoding.
[6216] 1204. applying an inverse quantization to the transform coefficients of the
residual TU to obtain dequantized cocfficients.
10217} This is commonly used process in video decoding.
15 (06218} 1205, Applying, based on the target transform mode, an fverse transform
to the dequantized coefficients to obtain a residual block of the residual TU.
10219] This is commonly used process in video decoding. Besides the residual TU,
the residuals of the other TUs of the CU are set as zero.
10228} 1206. obtaining a prediction block of the CU based on the prediction
20 mformation;
10221} This is commonly used process in video decoding, such as the intra
prediction and inter prediction in HEVC and VVC.
16222} 1207, obtaining a video block based on the residual block and the

prediction block;

[\
941

[6223] This is commonly used process in video decoding. In one implementation
manner, the video block is obtained by adding the residual of the CU with the
prediction of the CU.

10224} 1208, outputting a video sequence, the video sequence including a video
frame that includes the video block.

30 [0225] This is commonly used process in video decoding.

Fig. 128 ilustrates another decoding method of an embodiment of present disclosure.
The difference between the embodiment as shown in figure 12B and the embodiment
as shown in figure 12A lies in:

1202°. obtaining a target transform mode of the residual TU when the CU has only
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one residual transform unit (TU) and the size of the residual TU is less than the size of
the CU; wherein the target transform mode specifies a TU partitioning mode of the
CU, the position of the residual TU (e.g., described by the index of the residual TU

among all the TUs of the CU, or described by the coordinates of the top-lefi corner of

o

the residual TU and the width and height of the residual TU), and a transform type set
of the residual TU; and obtaining a transform type of the residual TU from the
transform type set;
1205°. Applying, based on the transform type of the residual TU (or based on the TU
partitioning mode of the CU, the position of the residual TU and the transform type of
10 the residual TU), an inverse transform to the dequantized cocfficients to obtain a
residual block of the residual TU. The other steps are made reference o the
embodiment as shown in figure 12A, it is not repeated here.
10226} In one implementation manner, obtaining the target transtorm mode of the
residual TU comprises: parsing the bitstream to obtain a mode index for indicating the
15 target transform mode of the residual TU; and obtaining the target transform mode of
the residual TU based on the mode index. For example, if 8 modes among the above
mentioned 22 target transform modes if allowed to be used in a slice, the mode mdex
may be indicated by a mode index with M bins {e.g., M = 3, 4 or 5), i.c., the mode
index is binarized into M bins in Context-based Adaptive Binary Artthmetic Coding
20 {CABAC) process (where M may be different for different binarization schemes), or
the mode index may be expressed by M flags,
19227} In order to reduce the bit budget of the mode index, in another
implementation manner, before parsing the bitstream to obtain a mode index for

indicating the target transform wode of the residual TU, the wethod further
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comprising: determining candidate target transform modes of the residual TU based
on a size of the CU; where the parsing the bitstream to obtain a mode index for
indicating the target transform mode of the residual TU comprises: parsing, based on
the candidate target transform modes of the residual TU, the bitstream to obtain a
mode index for indicating the target transform mode of the residual TU. Therefore,
30 depending on the size of the CU, the quantity of the candidate target transform modes
may be smaller than 8, thus 1 or more bins of the mode flag may be saved.

16228} The candidate target transform modes may be based on the CU size. For
example, when a width of the CU is in the range of [Thix2, Th3] and a height of the
CU is in the range of [Thi»2, Th3], the candidate target transform modes may include
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transtorm mode QU, transform mode Q1, transform mode Q2 and transform mode Q3.
162291 For example, when a width of the CU i3 in the range of [Thix4, Th3} and
a height of the CU is in the range of [Thi, Th2], the candidate target transform modes

may mclude transform mode V0, transtorm mode VQI and transform mode VH2,;

o

102304 For example, when a width of the CU is in the range of {Thix2, Th2] and
a height of the CU is in the range of [Thl, Th2], the candidate target transform modes
may inchude transform mode VHO and transform mode VHI;
(0231} For example, when a height of the CU is in the range of [Thix4, Th3] and
a width of the CU is in the range of [Thi, Th2], the candidate target transform modes
10 may inchade transform mode HQOU, transform mode HQ! and transform mode HHZ;
16232} For example, when a height of the CU is in the range of [Th1#2, Th2] and
a width of the CU is in the range of [Thi, ThZ], the candidate target transform modes
may include transform mode HHO and transform mode HH1;
16233} For example, when a width of the CU is in the range of {Thix2, Th2] and
15 a height of the CU 5 in the range of [Thix2, Th2], the candidate target transform
modes may inchide mode transform mode Q0, transform mode Q1, transform mode
(32 and transform mode Q3;
16234} For example, when a width of the CU is in the range of {Thix4, Th2] and
a height of the CU is in the range of [Thl, Th2], the candidate target transform modes
20 may inchude transtorm mode VQU, transform mode V31 and transform mode VHZ;
[0235] For example, when a width of the CU is in the range of [Thix2, Th2} and
a height of the CU is in the range of [Thi, Th2], the candidate target transform modes
may include transform mode VHO and transform mode VHI;

10236} For example, when a height of the CU is in the range of [Thl x4, Th2] and
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a width of the CU is in the range of [Thi, ThZ], the candidate target transform modes
may include transform mode HQO, transform mode HQ1 and transform mode HH2;
or

10237} For example, when a height of the CU 1s in the range of [Thi1x2, Th2} and
a width of the CU s in the range of [Thi, Th2], the candidate target transform modes
30 may include transform mode HHO and transform mode HH1.

10238] Thi, Th2 and Th3 are pre-defined integer values, for example, Thl is 4, 8
or 16; Th2 is 32, 64 or 128; and Th3 is 64, 128 or 256,

16239] In another implementation manner, in order to reduce the bit budget for
indicating the target transform mode, the above mentioned 22 modes are grouped into
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mode groups. For example, the modes group may include at least one groups as
following:
a mode group inchudes transform mode HHO, transform mode HHI,

transform moede HH2, transform mode VHO, transform mode VHI1 and transform

5 mode VHZ;

a mode group includes transform mode Q0, transform mode Q1, transform
mode Q2, transform mode Q3, transform mode HQO, transform mode HQ1, transform
mode VOO, and transform mode VQ1;

a mode group includes transform mode HHO, HHI1, HH2, VHG, VHI and

16 VHZ;

a mode group inclades transform mode Q0, transform mode Q1, transform
mode Q2, transform mode Q3, transform mode HQO, transform mode HQ1, transform
mode V30, and transform mode V1,

a mode group includes transform mode QHO, transform mode QHI,

15 transform mode QHZ, transform mode QH3, transform mode HQO, transform mode
HQ1, transform mode VQU, and transform mode VQ1;

a mode group inchudes transform mode QVO, transform mode QVI,
transtorm mode QV2, transform mode QV3, transform mode HQO, transform mode
HQ1, transform mode VQU, and transform mode VQ1;

20 a mode group inclades transform mode Q0, transform mode Q1, transform
mode Q2, transform mode Q3, transform mode HQQO, transform mode HQ1, transform
mode VO, transform mode VQI, transform mode HHO, transform mode HHI,
transform mode VHO and transform mode VHI;

a mode group includes transform mode Q0, transform mode Q1, transform
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mode Q2, transform mode Q3, transform mode HQO, transform mode HQ1, transform
mode VOO, transform mode VQI, transform mode HHO, transform mode HHI,
transform mode HHZ, transform mode VHO, transform mode VHI1 and transform
mode VH2;

a mode group includes transform mode QHO, transform mode (QHI,
30 transform mode QH2, transform mode QH3, transform mode HQO, transform mode
HQ, transform mode V0, transform mode VI, transform mode HHO, transform
mode HHI, transtorm mode HH2, transform mode VHO, transform mode VHI and
transform mode VH2;

a mode group inchudes transform mode HHO, transform mode HHI,
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transform mode VHO and transform mode VHI;
a mode group includes transform mode Q0, transform mode Q1, transform
mode Q2 and transform mode Q3; or

a mode group inchides transform mode HQO, transform wode HQI,

o

transform mode V0, and transform mode V(Q1;
10248} where the step of obtaining the target transform mode of the residual TU
may include: parsing the bitstream to obtain a group index for indicating which mode
group of the target transform mode belongs to; parsing the bitstream to obtain a mode
index for indicating the target transform mode in the mode group; and obtaining the
10 target transform mode based on the group index and the mode index.
16241} In one umplementation manner, before parsing the bitstream to obtain a
group index for indicating which mode group of the target transform mode belongs to,
the method further comprising: determining at least one candidate mode groups of the
residual TU based on a size of the CU; and correspondingly, parsing, based on the at
15 least one candidate mode groups of the residual TU, the bitstream to obtain a group
index for indicating which mode group of the target transform mode belongs to.
(0242} For example, when a width of the CU is in the range of [Thi<2, Th3] and
a height of the CU is in the range of [Thix2, Th3], the candidate mode groups
comprise a mode group comprises transform mode QO, transform mode Q1, transform
20 mode Q2 and transform mode (33;
(0243} For example, when a width of the CU is in the range of [Thix4, Th3] and
a height of the CU is in the range of [Thl, Th2], the candidate mode groups comprise
a mode group comprises transform mode V@0, transform mode VQI and transform
mode VHZ;
[6244] For example, when a width of the CU is in the range of [Thi<2, Th2] and
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a height of the CU is in the range of [Thi, Th2}, the candidate mode groups comprise

a mode group comprises transform mode VHO and transform mode VHI,;

10245} For example, when a height of the CU 1s in the range of [Thix4, Th3} and

a width of the CU is in the range of [Thi, Th2], the candidate mode groups comprise a
30 mode group comprises transform mode HQO, transform mode HQ! and transform

mode HH2;

10246} For example, when a height of the CU 1s in the range of [Thi1x2, Th2} and

a width of the CU is in the range of [Thi, Th2], the candidate mode groups comprise a

mode group comprises transform mode HHO and transform mode HHI;
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102474 For example, when a width of the CU is in the range of {Thix2, Th2] and
a height of the CU is in the range of [Thix2, Th2], the candidate mode groups
comprise a mode group comprises mode transtorm mode QO0, transform mode Q1,

transform mode Q2 and transform mode Q3;

o

10248 For example, when a width of the CU is in the range of {Thix4, Th2] and
a height of the CU is in the range of [Thl, Th2}, the candidate mode groaps comprise
a mode group comprises transform mode VQO, transform mode VQ1 and transform
mode VHZ;
18249} For example, when a width of the CU is in the range of [Thix2, Th2] and
10 a height of the CU is in the range of [Thi, Th2}, the candidate mode groups comprise
a mode group comprises transform mode VHO and transform mode VHI;
[6258] For example, when a height of the CU is in the range of [Th1x4, Th2} and
a width of the CU is in the range of [Thi, Th2], the candidate roode groups comprise a
mode group comprises transform mode HQU, transform mode H(Q1 and transform
15 mode HH2; or
16251} For example, when a height of the CU is in the range of [Th1#2, Th2] and
a width of the CU is in the range of [Thi, Th2], the candidate mode groups comprise a
mode group comprises transform mode HHO and transtorm mode HHI.
10252] The threshold Thl, Th2 and Th3 are pre-defined integer values. For
20 cxample, Thl is 4, 8 or 16; Th2 is 32, 64 or 128; Th3 is 64, 128 or 256.
[0253] In another implementation manner, before obtaining the target transform
mode of the residual TU, the method further comprising: determining, based on the
prediction information of the CU, whether to obtain the target transform mode of the

residual TU.
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[6254] For example, when a prediction mode of the CU is intra prediction mode,
determining to obtain the target transform mode of the residual TU.

[0255] For example, when a prediction mode of the CU is inter prediction mode,
determining to obtain the target transtorm mode of the residual TU.

16256] For example, when a prediction method of the CU is a preset positive
30 prediction method, determining to obtain the target transform mode of the residual TU.
The preset positive prediction method comprises at least one of the following: a
translation model based motion compensation method; a Merge prediction method; an
advanced motion vector prediction method with 1/4-pel motion vector difference
precision; or a Merge prediction method with a merge index smaller than 2.
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102574 For example, when a prediction method of the CU is a preset negative
prediction method, determining not to obtain the target transform mode of the residual
TU. The preset negative prediction method comprises at least one of the following: an

affine model based motion compensation method; an affine merge prediction method;

o

an affine inter prediction mode; an advanced motion vector prediction method with
1-pel or 4-pel wotion vector difference precision; or a Merge prediction method with
a mierge index not smaller than 2.
[0258] In another implementation manner, before obtaining the target transform
mode of the residual TU, the method further comprising: determining, based on a size
10 of'the CU, whether to obtain the target transform mode of the residual TU,
16259] For example, when a width or a height of the CU is greater than a preset
CU threshold, determining not o obtain the target transform mode of the residnal TU.
The preset CU threshold may be 32 luma pixels, 64 luma pixels or 128 luma pixels.
10260} For example, when a width or a height of a TU of the CU is less than a
15 preset manimum TU threshold, determining not to obtain the target transform mode of
the residual TU. The preset minimumy TU threshold may be 4 luma pixels, 8 luma
pixels or 16 lama pixels.
0261} For example, when a width or a height of a TU of the CU is greater than a
preset maxinum TU threshold, determining vot to obtain the target transform mode of
20 the residual TU. The preset maximum TU threshold is 32 luma pixels, 64 luma pixels
or 128 luma pixels.
18262} it should be noted that, even according to the prediction information of the
CU and/or the size of the CU, determining to obtain the target transform mode of the

residual TU, it only means that the target transform mode may be obtained, but not
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means that the target transform mode is indeed to be obtained. Because at the encoder
side, choose which transform mode to do the transformation is depend on many
factors. That is, the above mentioned new transform modes (the above mentioned 22
transtorm modes) are added as candidate, the alrcady exist transform modes (old
transform modes), e.g., the CU is transformed by one TU of the CU size, still can be
30 used.

10263} Therefore, on the basis of the CU has transform unit information, when
determining, according to the prediction information of the CU and/or the sizc of the
CU, to obtain the target transform mode of the residual TU; parsing the bitstream may
obtain a mode flag indicating the old transform modes. Accordingly, when

Q7
b



WO 2019/076206 PCT/CN2018/109361

determining not to obtain the target transform mode of the residual TU, which means
that the old transform modes are used for the CU., Hthe CU is transformed by one TU
of the CU size, the residual TU is of the CU size, and the transform type of the

residual TU may be DCT-2 for horizontal transform and DCT-2 for vertical transform

o

by defauit or may be signaled in bitstream (e.g., the AMT method in VIM software,
in which multiple transtorm types are allowed for a TU and the transform type used
by the TU is signaled).
[6264] For example, if transform modes of QO0, QF, Q2, Q3, VQO, V1, HQO,
HQ1, VHO, VHI, VH2, HHO, HH1 and HH2 are candidate target transform modes of
10 the CU, the decoder can first parse the bitstream to determine whether the CU uses
one of the candidate target transform modes or the CU is transformed by one TU of
the CU size. E.g., a flag may be used to indicate whether the CU uses one of
candidate target transform mwodes or the CU is transformed by one TU of the CU size.
18265} If the CU uses one of the candidate target transform modes, parse the
15 bitstream {o obtain the transform mode of the CU. In one method, Q0, Q1, Q2 and Q3
are grouped into group A, VQU and V(31 are grouped into group B, HQO and HQT are
grouped into group C, VHO, VHI and VHZ arc grouped into group D, and HHO, HH1
and HH2 are grouped into group E. It is first decided the group that the transform
mode of the CU belongs to, by parsing a group index, and then decide the target
20 transform mode inside the group by parsing another index.
10266] Parsing the group index may be based on which mode groups are
determined/preset as candidate mode groups. For example, when group A and any
other group are candidate mode groups, a first flag is parsed to determine whether the

target transform mode belongs to group A or not; otherwise, if the first flag is not
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present in the bitstream, and the transform mode is inferred to belong to group A if
group A is a candidate mode group, or is inferred to belong to groups B, C, D and E if
group A is not a candidate mode group. If the target transform mode belongs to groups
B, C, D and E, a second flag is parsed to determine whether the target transform mode
belong to B/D (i.e., group B or I3} or (/B if both group B/D and (/E are candidate,
30 and the second flag can be inferred if only B/D is candidate or if only C/E is candidate.
If the transform mode belong to B/D, a third flag may be parsed to determine whether
the target transtorm mode belongs to B. Similarly, if the target transform mode belong
to C/E, the third flag may be parsed to determine whether the transform mode belongs

to C.
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10267} Similar to parsing the group index, parsing the index of the target
transform mode inside a group may be based on which transform modes are in the
group.

10268} For example, if transtorm modes 0, @1, 2, Q3, VQO, VI, HQUO and

o

HQ1 are candidate target transform modes of the CU, the decoder can first parse the
bitstrearn to determine whether the CU uses one of the candidate transform modes or
the CU is transformed by one TU of the CU size. E.g., a flag may be used to indicate
whether the CU uses one of candidate target transform modes or the CU is
transformed by one TU of the CU size.
10 [6269] If the CU uses one of the candidate target transform modes, parse the
bitstream to obtain the transform mode of the CU, In one method, transform modes
(30, Q1, Q2 and Q3 are grouped into group A, VQO and VQLI are grouped into group
B, and HQO and HQ! are grouped into group C. It is {irst decided the group that the
target transform mode belongs to, by parsing a group index, and then decide the target
15 transtorm mode inside the group by parsing a mode index,
16278] The present disclosure further discloses a video decoder, the structure of
the decoder is illustrated in Fig, 3, the video decoder including:
0271} an entropy decoding unit 304, is configured to parse a received bitstream
to obtain prediction information of a coding unit {CU}; obtain a target transform mode
20 of a residual transform unit (TU) when the residual TU is the only residual TU of the
CU and a size of the residual TU is less than a size of the CU, wherein the target
transform mode specifies a TU partitioning mode of the CU, the position of the
residual TU, and a transform type set of the residual TU; obtaining a transform type of

the residual TU from the transform type set; and parse the received bitstrear to obtain
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transform coefficients of the residual TU. Where the target transform mode is the
same as mentioned above,

102724 an inverse guantization processing unit 310, is configured to apply an
inverse quantization to the transform coefficicnts of the residual TU to obtain
dequantized coefficients;

30 [0273] an inverse transform processing unit 312, 1s configured to apply an inverse
transform to the dequantized coefficients based on the transform type of the residual
TU or based on the TU partitioning mode of the CU, the position of the residual TU
and the transform type of the residual TU to obtain a residual block of the residual

TU;
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10274} a prediction processing unit 360, is configured to obtain a prediction block
of the CU based on the prediction imformation;
16275} a reconstruction unit 314, is configured to obtain a video block based on

the residual block and the prediction block; and

o

10276} an outpwt 332, is configured to output a video sequence, the video
sequence including a video frame that inchudes the video block.
16277} in one implementation manner, the entropy decoding unit 304 is further
configured to parse the bitstream to obtain a mode index for indicating the target
transform mode of the residual TU; and obtain the target transform mode of the
10 residual TU based on the mode index.
16278} In one implementation manuner, the entropy decoding unit 304 is further
configured to determine candidate target transform modes of the residual TU based on
a size of the CU; and
102794 parsing, based on the candidate target transform modes of the residual TU,
15 the bitstream to obtain a mwode index for indicating the target transform mode of the
restdual TU.
[0280] In onc implementation manner, the entropy decoding unit 304 is further
configured to determine candidate target transform modes of the residual TU
according to the method as stated above,
20 (6281} In one implementation manuner, the entropy decoding unit 304 is further
configured to parse the bitstream to obtain a group index for indicating which mode
group of the target transform wode belongs to; and parse the bitstream to obtain a
mode index for indicating the target transtorm mode in the mode group; and

obtain the target transform mode based on the group index and the mode

25 index.
10282] Where the target transform mode belongs to any mode group as stated
above.
10283] In one implementation manner, the entropy decoding unit 304 is further

configured to determine at least one candidate mode groups of the residual TU based
30 onasize of the CU; and
parse, based on the at least one candidate mode groups of the residual TU,
the bitstrcam to obtain a group index for indicating which mode group of the target
transform mode belongs to.
[0284] Where the entropy decoding unit is further configured to determine at least

100



WO 2019/076206 PCT/CN2018/109361

one candidate mode groups according to at least one of the method as stated above.
10285] In one mplementation manuer, the entropy decoding unit 304 is further
configured to determine, based on the prediction information of the CU, whether to

obtan the target transform mode of the residual TU.

o

10286} Where the entropy decoding unit 304, is further configured to determine
whether to obtaining the target transform mode of the residual TU according to at
least one of the methods as stated above.
{0287} In onc implementation manner, the entropy decoding unit 304 is further
configured to determine, based on a size of the CU, whether to obtain the target
10 transtorm mode of the residual TU.

16288] Where the entropy decoding unit 304, is further configured to determine

whether to obtain the target transform mode of the residual TU according to at least

one of the methods as stated above.

102891 The present disclosure further discloses a decoder comprising processing
15 circuitry for carrying out the method as stated above.

16294} The present disclosure further discloses a computer program product

comprising a program code for performing the method as stated above.

102911 The present disclosure further discloses a decoder, comprising:

one or more processors; and

20 a non-transitory computer-readable storage mediom coupled to the
processors and storing programuming for cxccution by the processors, wherein the
programming, when executed by the processors, configures the decoder to carry out
the method as stated above.

10292] FIG. 13 illustrates an example of intra~-prediction 1300 in video coding that
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employs intra-prediction modes. As shown, a current block 1301 can be predicted by
samaples in neighbor blocks 1310, Encoders may generally encode an image from
top-left to bottom right. However, encoders may encode from right to left in some
cases as discussed below. It should be noted that, as used herein right refers to the
right side of an encoded image, left refers to the left side of an encoded image, top
30 refers to the top side of an encoded image, and bottom refers to the bottom side of an
encoded image.

106293} It should be noted that a current block 1301 may not always exactly match
a sample from a neighboring block 1310. In such a case, a prediction mode is encoded

from the closest matching neighboring block 1310, In order to allow the decoder to
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determine the proper value, a difference between the predicted value and the actual
valie is retained. This is referred to as residual information. Residual information
occurs in both intra-prediction 1300, as well as mter-prediction.

10294} FIG. 14 1s a schematic diagram of an example video encoding mechanism

o

1400, based on intra-prediction 1300 and/or inter-prediction. An image block 1401
can be obtained by an encoder from one or roore frames. For example, an image may
be split into a plurality of rectangular image regions. Fach region of the image
corresponds to a Coding Tree Unit (CTU). A CTU s partitioned into a plurality of
blocks, such as the coding units in HEVC. Block partition information is then
10 encoded in a bitstream 1411, Accordingly, the image block 301 is a partitioned portion
of an image and contains pixels that represent luma components and/or chroma
components at a corresponding portion of the image. During encoding, the image
block 1401 is encoded as a prediction block 303 containing prediction information
such as prediction modes for intra-prediction and/or motion vectors for
15 inter-prediction. Encoding the tmage block 1401 as a prediction block 1403 may then
jeave a residual block 1405 containing residual information indicating the difference
between the prediction block 1403 and the image block 1401,
[0295] It should be noted that an image block 1401401 may be partitioned as a
coding unit that contains one prediction block 1403 and one residual block 1405, The
20 prediction block 1403 may contain all prediction samples of the coding unit, and the
residual block 1405 may contain all residual samples of the coding unit. In such a case,
the prediction block 1403 is of the same size as the residual block 1405, In another
exariple, the image block 1401 may be partitioned as a coding unit that contains two

prediction blocks 1403 and one residual block 1405, In such a case, each prediction
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block 1405 contains a portion of the prediction samples of the coding unit, and the
residual block 1405 contains all of the residual samples of the coding unit. In vet
another example, the image block 1401 is partitioned into a coding unit that contains
two prediction blocks 1403 and four residual blocks 1405, The partition pattern of the
residual blocks 1405 in a coding unit may be signaled in the bitstream 1411, Such
30 position patterns may include Residual Quad-Tree (RQT) in HEVC, Further, an image
block 1401 may contain only luma components (e.g., light), denoted as Y components,
of image samples (or pixels). In other cases, the image block 1401 may contain Y, U
and V compounents of image samples, where U and V indicate chrominance
components (¢.g., color} in a bluc luminance and red luminance (UV) colorspace.

102



WO 2019/076206 PCT/CN2018/109361

10296} SVT may be employed to further compress the information. Specifically,
SVT employs a transform block 1407 to farther compress the residual block 1405,
The transform block 1407 contains a transform, such as inverse DCT and/or inverse

DST. The difference between the prediction block 1403 and the image block 1401 1s

o

the fit to the transform by employing transform cocfficients. By indicating the

transform mode of the transform block 1407 (e.g., inverse DCT and/or inverse DST)

and the corresponding transform coefficients, the decoder can reconstruct the residual
block 1405. When exact reproduction is not required, the transform cocfficicnts can
be further compressed by rounding certain values to create a better fit for the

10 transtorm. This process is known as quantization and is performed according to
quantization parameters that describe the allowable quantization. Accordingly, the
transform modes, transform coefficients, and quantization parameters of the transform
block 1407 are stored as transforroed residual information in a transformed residual
block 1409, which may also be referred to simply as a residual block in some cases.

15 [06297] The prediction nformation of the prediction block 1403 and the
transformed residual information of the transformed residual block 1409 can then be
encoded in a bitstrearn 1411, The bitstream 1411 can be stored and/or transmitted to a
decoder. The decoder can then perform the process in reverse to recover the image
block 1401. Specifically, the decoder can employ the transformed residual

20 information to determine the transform block 1467, The transform block 1407 can

then be employed in conjunction with the transformed residual block 1409 to

determine the residual block 1403, The residual block 1405 and the prediction block

1403 can then be employed to reconstruct the image block 1401, The mage block

1401 can then be positioned relative to other decoded image blocks 1401 to
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reconstruct frames and position such frames to recover the encoded video.

(6298} SVT is now described in more detail, To conduct SVT, the transform block
1407 is selected to be smaller than the residual block 1405, The transform block 1407
is employved to transform a corresponding part of the residual block 1405, and leave
the remainder of the residual block without additional coding/compression. This is
30 because the residual information is generally not evenly distributed across the residual
block 1405. SVT employs a smaller transform block 1407 with an adaptive position to
capture the majority of the residual information in the residual block 1405, without
requiring the entire residual block 1405 to be transformed. This approach may achieve
better coding cfficiency than transtorming all the residual information n the residual
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block 14035, As the transform block 1407 is smaller than the residual block 1405, SVT
employs a mechanism for signaling the position of the transform relative to the
residual block 1405, For example, when SVT is applied for a residual block 1405 of

size wxh {e.g., width times height), the size and position imformation of the transform

o

block 1407 may be coded into the bitstream 1411, This allows the decoder to
reconstruct the transform block 1407 and corupose the transform block 1407 into the
correct position relative to the transformed residual block 1409 for reconstruction of
the residual block 140S.
10299} it should be noted that some prediction blocks 1403 can be encoded
10 without resulting in a residual block 1405, However, such a case does not result in the
use of SVT and hence is not discussed further. As noted above, SVT may be
employed for inter-predicted blocks or intra-predicted blocks. Further, SVT may be
employed on residual blocks 1405 generated by specified inter-prediction mechanisms
(e.g., translation model based motion compensation), but may not be employed to
15 residoal blocks 1405 generated by other specified inter-prediction mechanisms (e.g.,
affine model based motion compensation},
10306} FIG. 15 illustrates example SVT transforms 1500 that may be employed as
a transform block 307 for encoding a residual block 305, SVT transforms 1500 are
referred to as SVT-L, SVT-H, and SVT-III SVT-1 1s described as w_t=w/2, h t =h/2,
20 where w_t and h t denote the width and height of the transform block, respectively,
and w and h denote the width and height of the residual block, respectively, For
example, the width and height of the transform block are both half of the width and
height of the residual block, SVT-II is described as w_t=w/4, h t =h where the

variables are as described above. For example, the transform block width is a quarter

[\
941

of the width of the residual block and the height of the transform block is equal to the
height of the residual block. SVT-HI is described as w_t=w, b t =h/4 where the
variables are as described above. For example, the width of the transform block is
equal to the width of the residual block and the height of the transform block is one
quarter of to the height of the residual block. The type information indicating the type
30 of SVT block (e.g., SVT-L, SVT-II, or SVT-III} is coded into bitstream to support
reconstruction by the decoder.

16361} As can be scen by FIG. 15, each transform can be positioned in various
jocations relative to the residnal block. The position of the transform block is
represented by a position offset (x, y), to the top-left corner of the residual block,
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where x indicates the horizontal distance between the top-left corner of the transform
block and that of the residual block in the unit of pixels, and vy indicates the vertical
distance between the top-left corner of the transtorm block and that of the residual

block in the unit of pixels. Each potential position of the transform block inside the

o

residual block is referred to as a candidate position. For a residual block, the number
of candidate positions is {(w-w_t+1)x (h-h_t+1) for a type of SVT. More specifically,
for a 16x16 residual block, when SVT-1 is used, there are cighty-one candidate
positions. When SVT-II or SVT-HII is used, there arc thirteen candidate positions.
Once determined, the x and y values of the position offset are coded into bitstream
10 along with the type of SVT block employed. To reduce complexity for SVT-1, a subsct
of thirty-two positions can be selected from the eighty-one possible candidate
positions. This subset then acts as the allowed candidate positions for SVT-L
19362} One drawback of a SVT scheme employing SVT transforms 1500 is that
encoding the SVT position information as residual information results in significant
15 signaling overhead. In addition, the encoder complexity may be significantly
imcreased as the number of positions tested by compression quality processes, such as
Rate-Distortion Optimization (RDO), increases. Since the number of candidate
positions increases with the size of the residual block, the signaling overhead can be
even bigger for larger residual blocks, such as 32x32 or 64x 128, Another drawback of
20 cmploying SVT transforms 1500 is that the size of the transform block is one quarter
of the size of the residual block, A transform block of such a size may not be large
enough to cover the major residual information in the residual block in many cases.
16383] FIG. 16 illustrates additional cxample SVT transforms 1600 that may be
employed as a transtorm block 307 for encoding a residual block 305, SVT

transforms 1600 are referred to as SVT vertical (SVT-V) and SVT horizontal (SVT-H).
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The SVT transforms 1600 are simtlar to SVT transtorms 1500, but are designed to
support reduced signaling overhead and less complex processing requirements on the
encoder.
16304} SVT-V is described as w_t = w/2 and h_t = h, where the variables are as
30 described above. The width of the transform block is half of the width of the residual
block and the height transform block is egual to the height of the residual block.
SVT-H 1s described as w_t = w and h t = h/2, where the variables arc as described
above. For example, the width of the transform block is equal to the width of the
residual block and the height transform block is half of the height of the residual
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block. SVT-V is similar to SVT-II and SVT-H is similar to SVT-11I. Compared with
SVT-I and SVT-IH, the transform block in SVT-V and SVT-H is enlarged to half of
the residual block, which can cover more residual information in the residual block.

[63685] As with SVT transforms 1500, SVT transforms 1600 can include several

o

candidate positions, where candidate positions are the possible allowable position of a

transform block relative to a residual block. Candidate positions are determined

according to a Candidate Position Step Size (CPSS). Candidate positions may be
separated with an equal space specified by the CPSS. In such a case, the number of
candidate positions is reduced to no more than five. The reduced namber of candidate

10 positions mitigates the signaling overhead associated with the position information as
the selected position for a transform can be signaled with foewer bits. Further, reducing
the number of candidate positions make the selection of a transform position
algorithmically simpler, which allows the encoder complexity to be reduced (e.g.,
resulting in fewer computing resources employed to encode).

15 [6306] FIG. 17 illustrates example SVT transform candidate positions 1700
relative to a residual block. Specifically, the SVT transform candidate positions 1700
employ SVT-V and SVT-H (c.g., SVT transtorms 1600} positioned relative to a
residual block. The allowable candidate positions for a transform depend on the CPSS,
which further depends on the portion of the residual block that the transform block

20 should cover and/or a step size between candidate positions. For example, the CPSS

may be calculated as s = w/MI1 for SVT-V or s = /M2 for SVT-H, where w and h are

the width and height of the residual block, respectively, and M1 and M2 are
pre-determuined integers in range of two to cight. More candidate positions are

allowed with a larger M1 or M2 value. For example, M1 and M2 may both be set as
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eight. In this case, a value of the position index (P} describing the location of the
transform block relative to the residual block is between zero and four,

103071 In another example, the CPSS 1s calculated as s = max{w/M1, Thl) for
SVT-V or s = max{(h/M2, Th2) for SVT-H, where Thl and Th2 arc pre-defined
integers specifying a minimum step size. Thl and Th2 may be integers that are no less
30 than two. In this example, Thl and Th2 are set as four, and M1 and M2 are set as
eight. In this example, different block sizes may have a different namber of candidate
positions, For example, when the width of the residual block is eight, two candidate
positions are available for SVT-V, specifically candidate positions 1700 {a) and (e).
For example, only two candidate positions satisfy the CPSS when the step size, as
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indicated by Thl, is large and the portion of the residual block the transform covers,
as indicated by w/M1, is also large. However, when w is set to sixteen, the portion of
the residual block the transform covers decreases due to a change in w/M1. This

results in more candidate positions, in this case the three candidate positions 1700

o

(a),{c), and (e}. All five candidate positions arc available when the width of the
residual block is greater than sixteen while the values of Thl and M1 are as discussed
above.
[6308] Other examples can also be seen when CPSS is calculated according to
other mechanisms. Specifically, the CPSS may be calculated as s = w/M1 for SVI-V
10 ors=WM2 for SVT-H. In this case, three candidate positions are allowed for SVT-V
{e.g., candidate positions 1700 (a},(c), and (e)) and three candidate positions are
aliowed for SVT-H (e.g., candidate positions 1700 (£),(h}, and (j)}) when M1 and M2
are set as four, Further, when M1 and M2 are set as four, the portion of the residual
block that the transform covers increases resulting in two allowable candidate
15 positions of SVT-V (e.g., candidate positions 1700 {(a) and (¢} and two allowable
candidate positions for SVT-H (e.g., candidate positions 1700 (f) and {(e}).
10309} In another example, the CPSS is calculated as s = max(w/M1, Thl) for
SVT-V or s = max(h/M2, Th2} for SVT-H as discussed above. In this case, T1 and T2
are st as a pre-defined integer, for example two, M1 is set as eight if'w > h or is set as
20 four when w <h, and M2 is set as eight when h > w or is set as four when h <w. For
example, the portion of the residual block that the transform covers s dependent on
whether the residual block’s height is greater than the residual block’s width, or vice
versa. Accordingly, the mumber of candidate positions for SVT-H or SVT-V further

depends on the aspect ratio of the residual block.
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16319} In another example, the CPSS is calculated as s = max{w/M1, Thl) for
SVT-V or s = max{h/M2, Th2) for SVT-H, as discussed above. In this case, the values
of M1, M2, Thl and Th2 are derived from a high-level syntax structure in the
bitstream {¢.g., a sequence parameter set), For example, the values employed to derive
CPSS can be signaled in the bitstream. M1 and M2 may share the same value parsed
30 from a syntax element, and Thl and Th2? may sharc the same value parsed from
another syntax element.

10311} FIG 18 illustrates example SVT transform positions 1800 relative to a
residual block. The SVT transform positions 1800 are selected from candidate
positions, such as SVT transform candidatc positions 1700. Specifically, the SVT
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transform positions 1800 selected may be encoded as to a position index P. The
position index P can be employed to determine a position offset (Z) of the top-left
corner of the transform block relative to the top-left corner of the residual block. For
example, this position correlation can be determined according to Z = s x P, where s is

a CPSS for the transform block based on SVT type and calculated as discussed with

W g
respect to FIG 6. The value of P may be encoded as 0, 1, ..., s when the
Redy t
transform block is an SVT-V type. The value of P may be encoded as 0, 1, ..., =

when the transform block is a SVT-H type. More specifically, (0, 0) can represent the
coordinate of the top-left corner of the residual block. In such a case, the coordinate of
the top-left corner of the transform block is (Z, 0) for SVT-V or (0, Z) for SVT-H.
[0312] As discussed in more detail below, the encoder may encode the SVT
transform type (e.g., SVT-H or SVT-T) and residual block size in the bitstream by
employing flags. The decoder may then determine the SVT transform size based on
the SVT transform size and residual block size. Once the SVT transform size is
determined, the decoder can determine the allowable candidate positions of the SVT
transform, such as SVT transform candidate positions 1700, according to the CPSS
function. As the decoder is capable of determining the candidate positions of the SVT
transform, the encoder may not signal the coordinates of the position offset. Instead, a
code can be employed to indicate which of the candidate positions is employed for the
corresponding transform. For example, the position index P may be binarized into one
or more bins using truncated unary code for increased compression. As a particular
example, when the P value is in the range of zero to four, the P value 0, 4, 2, 3 and 1
can be binarized as 0, 01, 001, 0001 and 0000, respectively. This binary code is more
compressed than expressing the base ten value of the position index. As another
example, when the P value is in the range of zero to one, the P value 0 and 1 can be
binarized as 0 and 1, respectively. As such, the position index can grow or shrink in
size as desired to signal a particular transform block position in light of the possible
candidate positions for the transform block.

[0313] The position index P may be binarized into one or more bins by employing
a most probable position and less probably remaining positions. For example, when
the left and top neighbor blocks have already been decoded at the decoder, and hence
are available for prediction, the most probable position may be set as the position

covering the bottom-right corner of the residual block. In one example, when the P
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value is in the range of zero to four and position four is set as the most probable
position, P value 4, 0, 1, 2 and 3 are binarized as I, 000, 001, 010 and 011,
respectively, Further, when the P value is in the range of zero to two and position two

is set as the most probable position, P value 2, 0 and 1 are binarized as 1, 01 and 00,

o

respectively. Accordingly, the most probable position index of the candidate positions

is denoted with the fewest bits to reduce sigualing overhead for the most common

cases. The probability can be determined based on the coding order of adjacent
reconstructed blocks, Accordingly, the decoder can infer the code word scheme to be
employed for a corresponding block based on the decoding scheme employed.

10 {0314} For example, in HEVC the coding unit coding order 1s generally from top
to bottom and from left to right. In such case, the right-side of a current
encoding/decoding coding unit is not available rendering the top-right corner the more
probable transform position. However, motion vector predictors are derived from the
left and top spatial neighbors. In such a case, the residual information is statistically

15 more intense towards the bottom-right corner. In this case, the candidate position
covering the bottom-right part is the most probable position. Further, when an
adaptive coding unit coding order is utilized, onc node may split vertically into two
child nodes and the right child node may be coded before the left one. In this case, the
right-side neighbor of the left child node has been reconstructed before the

20 decoding/encoding of the left child node. Further, in such a case, the lefi-side

neighboring pixels are not available. When the right-side neighbor is available and the

feft-side neighbor is not available, the bottom-left portion of the residual block is
likely to contain a large amount of residual information, and thus the candidate

position covering the bottom-lefl potion of the residual block becomes the most
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probable position.

(6315} Therefore, the position index P may be binarized mto one or more bing
according to whether the right side next to the residual block has been reconstructed.
In one example, the P value is in the range of zero to 2, as shown by SVT transform
positions 1800. When the right side next to the residual block has been reconstracted,
30 the Pvaluc 0, 2 and 1 arc binarized as 0, 01 and 00. Otherwise, the P value 2, 0 and |
are binarized as 0, 01 and 00. In another example, when the right side next to the
residual block has been reconstructed, but the left side next to the residual block has
not been reconstructed, the P value 0, 2 and 1 are binarized as O, 80 and 01. Otherwise,

the P value 2, 0 and 1 are binarized as 0, 00 and 01. In these examples, the position
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corresponding to a single bin is the most probable position and the other two positions
are remaining positions. For example, the most probable position is dependent on the
availability of the right-side neighbor.

10316} The probability distribation of the best position in the sense of

o

rate-distortion performance may be quite different across inter-prediction modes. For
exarople, when the residual block corresponds to a prediction block generated by
template matching with spatially neighboring reconstructed pixels as the template, the
best position is most probably position two. For other inter-prediction modes, the
probability of position two (or position zero when the right neighbor is available and
10 the left neighbor is not available) being the best position is lower than that of the
template matching mode. In view of this, the context model for the first bin of
position index P may be decided according to the inter-prediction mode associated
with the residual block., More specifically, when the residual block is associated with
template matching based inter-prediction, the first bin of position index P uses a first
15 context model Otherwise, a second context model is used for encoding/decoding this
bin.
(6317} In another example, when the residual block is associated with terplate
matching based inter-prediction, the most probable position {(e.g., position two, or
position zero when the right neighbor is available but the left neighbor s not available)
20 is directly set as the transform block position and position information is not signaled
n the bitstream. Otherwise, the position index is explicitly signaled in the bitstream,
18318} it should also be noted that different transforms can be ecmployed
depending on the position of the transform block relative to the residual block, For

exaruple, the lefl side of the residual block is reconstructed and the right side of the
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residual block is not reconstructed, which occurs for video coding with a fixed coding
unit coding order from left to right and from top to bottom (e.g., the coding order in
HEVC). In this case, the candidate position covering the bottom-right corner of the
residual block may employ DST (e.g.. DST type seven (DST-7) or DST type one
{(DST-1y) for a transform in a transform block when encoding. (In alterative
30 implernentation manner, DST-7 may be replaced with DST-4, and DCT-8 may be
replaced with DCT-4 throughout the present disclosure. Accordingly, in this case, the
candidate position covering the bottom-right corner of the residual block may employ
DST (e.g., DST type seven (D8T-4) or DST type one (BST-1)) for a transform in a
transform block when encoding). Accordingly, an inverse DST transform is employed
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at the decoder for the corresponding candidate position. Further, a candidate position
covering the top-lefl corner of the residual block may employ DCT (e.g., DCT type
cight (DCT-8) or DCT type two (DCT-2)} for a transform in the transform block when

encoding (In alterative implementation manner, DST-7 may be replaced with DST-4,

o

and DCT-8 may be replaced with DCT-4 thronghout the present disclosure.
Accordingly, further, a candidate position covering the top-left corner of the residual
block may employ DCT (e.g., DCT type eight (DCT-4) or BCT type two (DCT-2)) for
a transform in the transform block when encoding). Accordingly, an inverse DCT
transform is employed at the decoder for the corresponding candidate position. This is
10 because the bottom-right corner is the most distant to the spatially reconstructed arca
among the four corners in this case. Further, DST is more effective than DCT for
transforming the residual information distribution when the transform block covers
the bottom-right corner of the residual block, However, DCT is more effective than
DST for wransforming the residual information distribution when the transtorm block
15 covers the top-left corner of the residual block. For the rest candidate positions, the
transform type can be either inverse DST or DCT. For example, when a candidate
position is closer to the bottom-right corner than the top-left corner, inverse DST is
enployed as the transform type. Otherwise inverse DCT is employed the transform
type.
20 [6319] As a specific example, three candidate positions for the transform block
may be allowed as shown in FIG 18. In this case, position zero covers the top-left
corner and position two covers the bottom-right corner. Position one is at the middie
of the residual block and cquidistant to both left and right corners. The transform

types can be selected as DCUT-8, DST-7 and DST-7 for position zero, position one, and
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position two, respectively, at the encoder. Inverse transforms DCT-8, DST-7 and
DST-7 can then be employed at the decoder for position zero, position one, and
position two, respectively. In another example, the transform types for position zero,
position one, and position two are DCT-2, DCT-2 and DST-7, respectively, at the
encoder. Inverse transforms DCT-2, DCT-2 and DST-7 can then be employed at the
30 decoder for position zero, position one, and position two, respectively. As such, the

transform types for corresponding candidate positions can be predetermined.

In alterative implementation manner, DST-7 may be replaced with BST-4, and DCT-§
may be replaced with DCT-4 throughout the present disclosure. Accordingly, as a
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specific example, three candidate positions for the transform block may be allowed as
shown in FIG. 1R, In this case, position zero covers the top-left corner and position
two covers the bottome-right corner. Position one 1s at the nuddle of the residual block

and equidistant to both lefl and right corners. The transform types can be selected as

o

DCT-4, DST-4 and DST-4 for position zero, position one, and position two,
respectively, at the encoder. Inverse transforms DCT-4, DST-4 and DST-4 can then be
employed at the decoder for position zero, position one, and position two, respectively.
In another cxample, the transform types for position zero, position one, and position
two are DCT-2, DUT-2 and DST-4, respectively, at the encoder. nverse transforms
10 DCT-2, DCT-2 and DST-4 can then be employed at the decoder for position zero,
position one, and position two, respectively. As such, the transform types for

corresponding candidate positions can be predetermined.

103204 In some cases, the position-dependent multiple transforms described above
15 may be applied to luma transform blocks ouly. The corresponding chroma transform
blocks may always use inverse DCT-2 in the transfornvinverse transform process.
(0321} FIG. 19 illustrates an example 1900 of residual sample horizontal flipping.
In some cases, beneficial residual compression can be achieved by horizontally
flipping the residual information in the residual block (e.g., residual block 305) before
20 applying a transform block (e.g., transform block 307) at the encoder. Example 1900
illustrates such horizontal flipping. In this context, horizontal flipping refers to
rotating the residual samples in a residual block about an axis half way between the
lcft side of the residual block and the right side of the residual block. Such horizontal

flipping occurs prior to applying the transform (e.g., transform block) at the encoder
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and after applying the inverse transform (e.g., the transform block) at the decoder.
Such tlipping may be employed when specified pre-defined conditions occur,

103224 In one example, the horizontal flipping occurs when the transform block
employs DST/inverse DST in the transform process. In this case, the right-side
neighbor of the residual block is encoded/reconstructed prior to the current block, and
30 the lefi-side neighbor is not encoded/ reconstructed prior to the current block. The
horizontal flipping process exchanges the residual samples at column 1 of the residual
block with the residual samples at colomn w-1-1 of the residual block. In this context,
w is the width of the transform block and =0,1,..., (w/2)-1. The horizontal flipping of
the residual samples may increase coding efficiency by making the residual
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distribution fit better to a DST transform.
10323} FIG. 20 is a flowchart of an example method 2000 of video decoding with
position dependent SVT that employs the mechanisms discussed above. Method 2000

may be initiated at a decoder upon receiving a bitstream, such as bitstreamn 311, The

o

method 2000 employs the bitstream to determine prediction blocks and transtormed
residual blocks, such as prediction block 303 and transformed residual block 309, The
method 2000 also determines transform blocks, such as transform block 307, which is
employed to determine residual blocks, such as residual block 305, The residual
blocks and the prediction blocks are then employed to reconstruct image blocks, such
10 as image block 301, It should be noted that while method 2000 is described from the
perspective of the decoder, a similar method may be employed (e.g., in reverse} to
encode the video by employing SV'T.
18324} At block 2001, a bitstream is obtained at the decoder, The bilstream may
be received from memory or from a streaming source. The bitstream contains data
15 which can be decoded mto at least one irnage corresponding to video data from an
encoder. Specifically, the bitstream contains block partition information that can be
employed to determine a coding unit containing prediction blocks and residual blocks
from the bitstream as described in mechanism 300. As such, coding information
related to the coding units can be parsed from the bitstrearn and pixels of the coding
20 units can be reconstructed based on the coding information as discussed below.
[0325] At block 2003, a prediction block and a corresponding transformed
residual block are obtained from the bitstream based on the block partition
information. For this example, the transformed residual block has been encoded

according to SVT as discussed with respect to mechanism 300 above. The method
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2000 then reconstructs a residual block of size wxh from the transformed residual
block as discussed below.

16326} At block 2003, the SVT usage, type of SVT, and transform block size are
determined. For example, the decoder first determines whether SVT has been used in
the encoding. This is because some encodings employ transforms that are the size of
30 the residual block., The usage of SVT can be signaled by a syntax clement in the
bitstream. Specifically, when a residual block is allowed to employ SVT, a flag, such
as svi flag, is parsed from the bitstream. The residual block is allowed to cmploy
SVT when the transformed residual block has non-zero transform coefficients (e.g.,

corresponding to any luma or chroma components). For example, a residual block
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may employ SVT when the residual block contains any residual data. The SVT flag
indicates whether the residual block is coded using a transform block of the same size
to the residual block (e.g., svt_flag is set to zero) or the residual block is coded with a

transform block of a smaller size than the residual block (e.g., svt_flag is set to one).

o

A coded block flag {(cbf) can be employed to indicate whether a residual block
includes von-zero transtorm coeflicients of a color component, as used in HEVC,
Also, a root coded block (root c¢bf) flag can indicate whether a residual block contains
non-zero transform coctlicients of any color component, as used in HEVC. As a
particular example, a residual block is allowed to use SVT when the image block is
10 predicted using inter-prediction and either the residual block width or residual block
height falls in a pre-determined range of {al, a2}, where al=16 and a2Z=64, al=§ and
a2=64, or al=16 and a2=128. The values of al and a2 can be predetermined fixed
valaes, The values may also be derived from a sequence parameter set (SPS) or a slice
header in the bitstream. When the residual block does not employ SVT, the transform
15 block size is set as the width and height of the residual block size.  Otherwise, the
transform size is determined based on the SVT transform type.
16327} Once the decoder determines that SVT has been used for the residual block,
the decoder determines the type of SVT transform block used and derives the
transtorm block size according to the SVT type. Allowed SVT types for the residual
20 block are decided based on the width and height of the residual block. A SVT-V
transform as shown in FIG 16 is allowed if the width of the residual block is in the
range [al, a2} as such vahies are defined above. A SVT-H transform as shown in FIG,
16 is allowed when the height of the residual block is in the range [al, a2}, as such

values are defined above. SVT may be used for ounly the luma components in the
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residual block, or SVT may be employed for the luma and both chroma components
in the residual block. When SVT is only used for the loma component, the luma
component residual information is transformed by SVYT and the chroma components
are transformed by a transform the size of the residual block, When both SVT-V and
SVT-H are allowed, a flag, such as a svt_type flag, may be encoded into the bitstream,
30 The svt type flag indicates whether SVT-V is used for the residual block (e.g,
svi type flag is set to zero) or SVTI-H is used for the residual block (e.g.,
svt_type flag is sct to onc). Once the type of SVT transform is determined, the
transform block size is set according to the signaled SVT type {e.g., w_t=w/2 and
b t=h for SVT-V, and w_t=w and h _{=h/2 for SVT-H). When only SVT-V is allowed
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or only SVT-H is allowed, the svt_type flag may not be encoded into the bitstream. In
such a case, the decoder can nfer the transform block size based on the allowed SVT
type.

(6328} Once the SVT type and size are determined, the decoder proceeds to block

o

2007. At block 2007, the decoder determines the position of the transform relative to
the residual block as well as the type of the transform (e.g., either DST or DCT), The
position of the transform block can be determined according to a syntax element in
the bitstream. For example, a position index can be directly signaled and hence parsed
from the bitstream in some examples. In other examples, the position can be inferred
10 as discussed with respect to FIGS. 5-7. Specifically, candidate positions for the
transform can be determined according to a CPSS function. The CPSS function can
determine the candidate positions by considering the width of the residual block, the
height of the residual block, the SVT type as determined by block 2005, the step size
of the transform, and/or the portion of the residual block that the transform covers.
15 The decoder can then determine the transform block position from the candidate
positions by obtaining a p-index including a code that signals the correct candidate
position according to candidate position sclection probability as discussed with
respect to FIG. 18 above.  Once the transform block position is known, the decoder
can indfer the type of transform employed by the transform block as discussed with
20 respect to FIG IBA or FIG 18B above. Accordingly, the encoder can select the
corresponding inverse transform.
19329} At block 2009, the decoder parses the transform coefficients of the
transtorm block based on the transform block size determined at block 2005, This

process may be accomplished according to transform coetlicients parsing mechanisms
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employed in HEVC, H.264, and/or advance video coding (AVC). The transform
coctlicients may be coded using run-length coding and/or as a set of transform
coefficient groups (CG). It should be noted that block 2009 may be performed
before block 2007 in some examples.

[6338] At block 2011, the residual block is reconstructed based on the transform
30 position, transform cocflicients, and transform type as determined above, Specifically,
mverse quantization and inverse transform of size w_txh t are applied to the
transtorm coctlicients to recover residual samples of the residual block. The size of
the residual block with the residual samples is w_t<h_t. The tnverse transform may be
an nverse DCT or an inverse DST, according to the position-dependent transtform
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type determined at block 2007, The residual samples are assigned to a corresponding
region inside the residual block, according to the transforrn block position. Any
residual samples inside the residual block and outside of the transtorm block may be

set to zero. For example, when SVT-V is employed, the nomber of candidate positions

o

is five, and the position index indicates the fifth transform block position, the
reconstructed residual saroples are assigned to region A in transform candidate
positions 1700 (e) and the region of size {w/2}xh to the left of region A has zero
residual samples.
18331} At optional block 2013, the residual block imformation of the reconstructed
10 block may be horizontally flipped as discussed with respect to FIG. 19, As noted
above, this may occur when the transform block at the decoder employs tnverse DST,
the right side neighbor block is already reconstructed, and left side neighbor is not
already reconstructed. Specifically, the encoder roay horizoutally flip the residual
block prior to applying a DST transform in the case mentioned above in order to
15 increase coding efficiency. Accordingly, optional block 2013 may be employed to
correct for such horizontal flipping at the encoder to create an accurate reconstructed
block.
103324 At block 2015, the reconstructed residual block may be composed with the
prediction block to generate the recounstraucted image block containing samples as part
20 of a coding unit. A filtering process may also be applied on the reconstructed samples,
such as deblocking filter and sample adaptive offsct (SAQO) processing in HEVC, The
reconstructed image block may then be combined with other image blocks decoded in
a similar fashion to generate frames of a media/video file. The reconstructed media

file may then be displayed to a user oun a monttor or other display device.
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[6333] it should be noted that an equivalent implementation of method 2000 can
be eraployed generate the recoustructed samples in the residual block. Specifically,
the residual samples of the transtorm block can be composed directly with the
prediction block at the position indicated by the transform block position information,
without first recovering the residual block.

30 [0334] In summary, the above disclosure includes mechanisms that adaptively
employ multiple transform types for transform block at different positions. Further,
the disclosure allows for horizontally flipping the residual samples in the residual
block to support coding efficiency. This occurs when the transform block uses DST
and inverse DST at the encoder and decoder, respectively and when the right neighbor
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block is available and the left neighbor is not available. Further, the disclosure
includes mechanisms to support coding position information in the bitstream based on
the inter-prediction mode assoctated with the residual block.

10335] Additional embodiments may be found in the following examples.

5 Example 1. A method implemented in a computing device, the method
comprising:
receiving a bitstream at a processor of the computing device, the bistream
stored in memory of the computing device and receitved via a receiver of the
computing device;
10 receiving, at the processor, a prediction block and a corresponding

transformed residual block from the bitstream;

determining, by the processor, a type of spatial varying transform (SVT)
transform employed to generate the transformed residual block;

determining, by the processor, a position of the SVT transform relative to

15 the transformed residual block;

applying, by the processor, an inverse of the SVT transform to the
transformed residual block to reconstruct a reconstructed residual block; and

composing, by the processor, the reconstructed residual block with the
prediction block to reconstruct an image block for display on a monitor,

20 Example 2. The method of example 1, wherein the type of the SVT
transform s a SVT vertical (SVT-V) type or a SVT horizontal (SVT-H) type, the
SVT-V type including a height that equals a height of the transformed residual block
and a width that is half a width of the transformed residual block, and the SVT H

type including a height that is half the height of the transformed residual block and a
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width that is equal to a width of the transformed residual block.

Example 3, The method of any oune of examples 1-2, wherein the type
of SVT transform is determined by parsing a svt_type flag from the bitstream.

Example 4. The method of any one of examples 1-3, wherein the type
of SVT transform is determined by the processor by inference when only one type of
30 SVT transform is allowed for the residual block.

Example 5. The method of any one of examples 1-4, wherein the
position of the SVT transform is determined by the processor by parsing a position
index from the bitstream.

Example 6, The method of any one of cxamples 1-5, wherein the
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position index contains a binary code indicating the position from a set of candidate
positions determined according to a candidate position siep size (CPSS).
Example 7. The method of any one of examples 1-6, wherein a most

probable position of the SVT transform is assigned a least namber of bits in the binary

o

code indicating the position index.

Example 8. The method of any one of examples 1-7, wherein the
position of the SVT transform is inferred by the processor when a single candidate
position is avatlable for the SVT transform,

Example 9. The method of any one of examples 1-8, wherein the
10 position of the SVT transtorm is inferred by the processor when the residual block

was generated by template matching in an inter-prediction mode.

Example 10. The method of any one of examples 1-9, further comprising
determining, by the processor, the jnverse of the SVT transform based on the position
of the SVT transform.

15 Example 11. The method of any one of examples 1-10, wherein an
inverse Discrete Sine Traunsform (DST) is employed, by the processor, for a SVT
vertical (SVT-V) type transform positioned at a left boundary of the residual block, an
inverse DST is employed, by the processor, for a SVT horizontal (SVT-H} type
transform positioned at a top boundary of the residual block, an nverse Discrete

20 Cosine Transform (BDCT) is employed, by the processor, for a SVT-V type transform

positioned at a right boundary of the residual block, or an mnverse DCT 1s employed,

by the processor, for a SVT-H type transform positioned at a bottom boundary of the
residual block.

Example 12. The wmethod of any one of examples 1-11, further
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comprising horizontally flipping, by the processor, samples in the reconstructed
residual block prior to compesing the recounstructed residual block with the prediction
block when a right side neighbor of a coding unit associated with the reconstructed
residual block has been reconstructed and a left side neighbor of the coding unit has
not been reconstructed.
30 Example 13. A method implemented in a computing device, the method
COMPriSing:

receiving, at a processor of the computing evice, a video signal from a
video capture device, the video signal including an image block;

generating, by the processor, a prediction block and a residual block to
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represent the image block;
employing, by the processor, a spatial varying transform (SVT) transform
to convert the residual block into a transformed residual block;

indicating, by the processor, a type of the SVT transform in a bitstream;

o

indicating, by the processor, a position of the SVT transform in the
bitstream; and
encoding, by the processor, the prediction block and the transformed

residual block into the bitstream for use by a decoder, the bitstream stored in a

memory of the computing device for transmission to the decoder via a transmitter.

10 Example 14.  The method of example 13, wherein the type of the SVT
transform s a SVT vertical (SVTI-V) type or a SVT horizontal (SVT-H), the SVT-V
type including a height that equals a height of the residual block and a width that is
half a width of the residual block, and the SVT _H type including a height that is half
the height of the residual block and a width that is equal to a width of the residual

15 block.

Example 15. The method of any one of cxamples 13-14, wherein the
position of the SVT transform is encoded in a position index,

Example 16. The method of any one of examples 13-15, wherein the
position index contains a binary code indicating the position from a set of candidate

20 positions determined according to a candidate position step size (CPSS).

Example 17. The method of any one of examples 13-16, wherein a most
probable position of the SVT transform is assigned, by the processor, as a least
number of bits in the binary code indicating the position index.

Example 18, The method of any one of examples 13-17, further

[\
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comprising selecting, by the processor, a transform algorithm for the SVT transform
based on the position of the SVT transform.

Example 19. The method of any one of examples 13-18, wherein a
Discrete Sine Transform (DST) algorithm is employed by the processor for a SVT
vertical (SVT-V) type transform positioned at a left boundary of the residual block, a
30 DST algorithm is sclected by the processor for a SVT horizontal (SVT-H) type
transform positioned at a top boundary of the residnal block, a Discrete Cosine
Transform (DCT) algorithm is selected by the processor for a SVT-V type transform
positioned at a right boundary of the residnal block, or a DCT algorithm is selected by

the processor for a SVT-H type transform positioned at a bottorn boundary of the
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residual block.
Example 20, The method of any one of examples 13-19, further
comprising horizontally flipping, by the processor, samples in the residual block prior

converting, by the processor, the residual block mto the transformed residual block

o

when a right side neighbor of a coding unit associated with the residual block has

been encoded and a lefi side neighbor of the coding unit has not been encoded.

[6336] The following document is incorporated by reference: C. Zhang, K. Ugur,

J. Lainema, A. Hallapuro and M. Gabbouj, “Video Coding Using Spatially Varying

Transform”, 1EEE Trans. Image Process., vol. 21, no.2, Feb. 2011, pp. 127-140.

10 [0337] The present disclosure further introduces another improved SVT scheme,
The umprovement is that the type of horizontal transform and the type of vertical
transform of a SVT block are determined based on the SVT type and SVT block
position. The horizontal transform can be different from the vertical transform.
Previously, the type of horizontal transform and the type of vertical transform of a

15 SVT block were determimed based on the SVT block position only, and they are
always the same.

[6338] A first emmbodiment describes the process of decoding a residual block, A
bitstream containing at least one picture of video data is decoded. A picture is split
into a plurality of rectangular image regions and cach region correspounds to a Coding

20 Tree Unit (CTU). A CTU is partitioned into a plurality of blocks, such as the coding

units in HEVC, according to block partition information contained in the bitstream.

The coding information of the blocks is parsed from the bitstream and pixels of the

blocks are reconstructed based on the coding information.

[6339] In this embodiment, SVT is restricted to being used for inter-predicted
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blocks. SVT may also be used for intra-predicted blocks. In a more advanced method,
SVT may be allowed for blocks using a specific inter prediction method (e.g.,
translation model based motion compensation) but not allowed for blocks using some
other inter prediction method (e.g., affine model based motion compensation). In
another example, SVT may be allowed for prediction blocks using Merge mode or
30 AMVP (advanced mwotion vector prediction) mode with 1/4-pel motion vector
difference precision, but not allowed for prediction blocks using affine merge mode,
affinc inter mode or AMVP mode with I-pel or 4-pel motion vector difference
precision. In another example, SVT wmay be allowed for prediction blocks using
Merge mode with a merge index smaller than 2, but not allowed for prediction blocks
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using Merge mode with a merge index not smaller than 2. The Merge mode and
AMVP mode can be referred to in H.265/HEVC standard. Affine merge mode and
affine inter mode can be referred to in JEM (Joint Exploration Model) codec from

JVET (Joint Video Exploration Team).

o

16346 In one example, a block may refer to a coding unit, where the coding unit
may contain one prediction block and one residual block. The prediction block may
contain all prediction samples of the coding unit, the residual block may contain all
residual samples of the coding unit, and the prediction block s of the same size as the
residual block. In another example, a block may refer to a coding unit, a coding unit
10 may contain two prediction blocks and one residual block, cach prediction block may
contain a part of prediction samples of the coding unit, and a residual block may
contain all residual samples of the coding unit. In another example, a block may refer
to a coding unit, a coding unit may countain two prediction blocks and four residual
blocks. The partition pattern of residual blocks in a coding unit may be signaled in the
15 bitstream, such as the Residual Qoad-Tree (RQT) in HEVC,
16341} A block may contain only Y component of image samples (or pixels), or it
may contain Y, U and V components of image samples.
103424 A residual block Ro of size wrh can be reconstructed by the following
steps.
20 [6343] Step 1. Determine the transform block size of the residual block Ro.
(0344} Step 1.1, Determine the usage of SVT according to a syntax element. For a
residual block which is allowed to use SV, if the residual block has non-zero
transform coctlicients of Y component (or it has non-zero transform coctficients of

any color compouent), a flag (namely svt_flag) is parsed from the bitstream, The flag
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indicates whether the residual block is coded using a transform block of the same size
as the residual block {(e.g., svt flag = 0) or the residual block is coded with a
transform block of a smaller size than the residual block (e.g., svt_flag = 1}, Whether
a block has non-zero transform cocflicients of a color component may be indicated by
a coded block flag (cbf) of the color component, as used in HEVC, Whether a block
30 has non-zero transform coetlficients of any color component may be indicated by a
root coded block flag (root ¢bf), as used in HEV{.

10345] In one example, a block is allowed to use SVT if the following conditions
are satisfied:

1) the block is predicted using inter prediction;
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2y either the block width or block height falls in a pre-determined range
fal, a2}, e.g., al=16 and a2=64, or al=R and a2=64, or al=16 and a2=128. The valae
of al and a2 can be fixed values. The value also can be derived from a sequence

parameter set (SPS) or a slice header.

o

16346] In another example, a block is allowed to use SVT if the folowing

conditions are satisfied:

1) the block is predicted using Merge mode with merge index smaller than

a threshold (c.g., 1 or 2 or 3) or using AMVP mode with 1/4-pel motion vector

difference precision;

10 2) one dimension of the block falls in a pre-determined range [al, a2}, and
the other dimension of the block is not greater than a threshold a3, e.g., al=§, a2=32
and a3=32. Parameter al may be set as twice of minimum transform size, a2 and a3
may both be set as the maximom transform size. The value of al, a2 and a3 can be
fixed values. The value also can be derived from a sequence parameter set (SPS)or a

15 shice header.

16347} If the block does not use SVT, the transform block size is set as wxh,
Otherwise, Step 1.2 is applied to decide the transform size.

10348 Step 1.2. Determine the type of SVT according to a syntax element, and
derive the transform block size according to the SVT type. Allowed SVT types for the

20 residual block are decided based on the width and height of the residual block. SVT-V

is allowed if w is in the range [al, a2] and h is not greater than a3; SYT-H is allowed

if his in the range {al, a2} and w is not greater than a3. SVT may be only used for the

Y component, or it may be used for all three components. When SVT is only used for

the Y component, the Y coroponent residual is transformed by SVT and the U and V
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components are transformed according to the size of the residual block.

18349} When both SVT-V and SVT-H are allowed, one flag (namely
svt_type flag) is parsed from the bitstream, which indicates whether SVT-V is used
(e.g., svt_type flag = 0) or SVT-H is used (e.g., svt_type flag = 1} for the residual
block, and the transform block size is set according to the signaled SVT type (ie.,
30 w t=w/2 and h t=h for SVT-V, and w_t=w and h t=h/2 for SVT-H}. When only
SVT-V i3 allowed or only SVT-H is allowed, the svt_type flag is not parsed from the
bitstream, and the transform block size is set according to the allowed SVT type.
16350] Step 2. Determine the transform block position according to a syntax

clement, and determine the transform type for the transform block based on the type
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of SVT and the transform block position information.
10351} Step 2.1: Determine the transform block position according to a syntax
clement.

10352} A position index P is parsed from the bitstream, and the position offset Z

o

of the top left corner of the transform block to the top left corner of the residual block

is determined as Z = s x P, where s 1s a candidate position step size (CPSS). The valae

of P is among 0, 1, ..., wewt tf SVT-V is used, or the value of P is among @,
P
h—h t . ) . ‘
I, ..., ——=— if SVT-H is used. More specifically, let (0, 0) represent the
&

coordinate of the top left corner of the residunal block, the coordinate of the top left
10 corner of the transform block is (Z, 0) tor SVT-Vor (0, Z) for SVT-H.
[6353] In one example, the CPSS is calculated as s = w/M1 for SVTI-V or g =
/M2 for SVT-H, where w and h are the width and height of the residual block,
respectively, and M1 and M2 are pre-determined integers in range of 2 to & More
candidate positions arc allowed with a larger M1 or M2 value. In this cxample, M1
15 and M2 are both set as 8. Therefore, the value of P is arvong 0 to 4. The candidate
positions are illustrated in Fig. 21,
18354} ln another example, the CPSS is calculated as s = max(w/M1, Thi} for
SVT-V or s = max{(h/M2, Th2) for SVT-H, where Thl and Th2 arc pre-defined
integers specifying a minimum step size. Thl and Th2 are integers no less than 2. In
20 this example, Thl and Th2 are set as 4, and M1 and M2 are set as 8. In this example,
different block sizes may have different number of candidate positions. For exaruple,
when w=S8, 2 candidate positions (as illustrated by Fig. 21(a)} and Fig. 21{e)) are
available to choose; when w=16, 3 candidate positions (as illustrated by Fig. 21{a),

Fig. 21{c) and Fig. 21{e}) are available to choose; when w>16, 5 positions are
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available to choose.

18355} In another example, the CPSS is calculated as s = w/M1 for SVI-Vors =
h/M2 for SVT-H, where M1 and M2 are set as 4. Accordingly, 3 candidate positions
are allowed.

[6356] In another example, the CPSS is calculated as s = w/M1 for SVTI-V or s =
36 WM2 for SVT-H, where M1 and M2 are set as 2. Accordingly, 2 candidate positions
are allowed.

16357} In another example, the CPSS is calenlated as s = max(w/M1, Thl) for
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SVT-V or s = max{(h/M2, Th2) for SYVT-H, where T! and T2 are sct as 2, M1 is set ag
Rifw>horissetasdifw<h andM2issctas8ifh>worissetas4ifh<w In
this case, the number of candidate positions for SVT-H or SVT-V may further depend

on the aspect ratio of the residual block.

o

18358} In another example, the CPSS is calculated as s = max(w/M1, Thi} for
SVT-V or s = max(h/M2, Th2) for SVT-H, where the values of M1, M2, Thl and Th2
are derived from a high-level syntax structure in the bitstream {(c.g., sequence
parameter set). M1 and M2 may share the same value parsed from a syntax clement,
and Thl and Th2 may share the same value parsed from another syntax element.
10 (0359 The position index P may be binarized into onc or more bins using
trancated unary code. For example, if the P value is in the range of 0 to 4, P value , 4,
2, 3 and 1 are binarized as 0, 01, 001, 0001 and 0000, respectively; if the P value is in
the range of 0 to 1, P value 0 and 1 are binarized as 0 and 1, respectively.
10360} The position index P may be binarized into one or more bins using one
15 most probable position and several remaining positions. When the left and top
neighbors are available, the most probable position may be set as the position
covering the bottorm-right corner of the residual block. In one example, if the P value
is in the range of O to 4 and position 4 is set as the most probable position, P value 4, 0,
1, 2 and 3 are binarized as 1, 000, §01, 010 and 011, respectively; if the P value is in
20 the range of 0 to 2 and position 2 is set as the most probable position, P value 2,  and
1 are binarized as 1, 01 and 00, respectively.
10361} Step 2.2: determine the transform type for the transform block based on the
type of SVT and transform block position information. The transform type includes

the horizonial transform and vertical transform of a 2-D separable transform.
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[6362] Taking the case that 3 candidate positions are allowed for an example, as
shown in Fig. 22. Position O covers the top-left corner, and position 2 covers the
bottom-right corner. Position 1 is at the middie of the residual block. There are three
positions for both SVT-V and SVT-H, as shown in Fig. 22.

16363] A two-dimensional transform way be separable into one-dimensional
30 horizontal transform and vertical transform. A forward 2D transform which turns
residual into transform coefficients may be realized by first applying horizontal
transtorm on a residual block to gencrate a block TA and then applying vertical
transform on the block TA to generate a transform coefficient block, as implemented

mn JEM codec. Accordingly, an inverse 2D transform which turns transform
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coefficients back to residual may be realized by first applying inverse vertical
transform on a transform coetlicient block to generate a block TB and then applying
mverse horizontal transform on the block TB to gencrate a residual block, as

implemented in JEM codec.

o

16364 In one example, the horizontal and vertical transforms for SYT-V position
0 are DCT-8 and DST-7; the horizountal and vertical transforms for SVT-V position 1
are DST-1 and DST-7; the horizontal and vertical transforms for SVT-V position 2 are
DST-7 and DST-7; the horizontal and vertical transforms for SVT-H position 0 are
DST-7 and DCT-K; the horizontal and vertical transforms for SVT-H position 1 are
10 DST-7 and DST-1; the horizontal and vertical transforms for SVT-H position 2 are
DST-7 and DBST-7, as listed in Table I In this example, the vertical transform for
SVT-V and the horizontal transform for SVT-H are set as DST-7, and the other

transform is based on SVT position,

Table 1. An example of 1-D horizontal and vertical transforms for different SVT types

15 and positions.

. , . horizontal vertical
SVT type, position transform transform
SVT-VY, position 0 DCT-8 DST-7
SVT-V, position 1 DST-1 DST-7
SVT-V, position 2 DST-7 DST-7
SVT-H, position € DST-7 DCT-8
SVT-H, position | DST-7 DST-1
SVT-H, position 2 DST-7 DST-7

In alterative tmplementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 thronghout the present disclosure. Accordingly, in one
exaruple, the horizoutal and vertical transforms for SVT-V position 0 are DCT-4 and
20 DST-4; the horizontal and vertical transforms for SVT-V position 1 are DST-1 and
DST-4; the horizontal and vertical transforms for SVT-V position 2 are DST-4 and
DST-4; the horizontal and vertical transforms for SVT-H position ¢ are DST-4 and
DCT-4; the horizontal and vertical transforms for SYT-H position 1 arc DST-4 and

DST-1; the horizontal and vertical transforms for SVT-H position 2 are DST4 and
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DST-4, as listed in Table T', In this example, the vertical transform for SVT-V and the
horizontal transform for SVT-H are set as DST-4, and the other transform is based on

SVT position.
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Table I'. An example of 1-D horizontal and vertical transforms for different SVT
types and positions.

o L horizontal vertical
SV type, position transform transform
SYT-V, position DCT-4 DST-4
SVT-V, position 1 DST-1 DST-4
SYT-V, position 2 DST-4 DST-4
SVT-H, position 0 DST-4 DCT-4
SVT-H, position 1 DST-4 DST-1
SVT-H, position 2 DNT-4 DST-4

[6365] In another example, the horizontal transform and vertical transform for
different SVT types and positions are listed in Table 11 In this example, the vertical
transform for SVT-V and the horizontal transform for SVT-H are set as DCT-2, and
the other transform is based on SVT position,

Table 1. An example of 1-D horizontal and vertical transforms for different SVT
types and positions.

. , . horizontal vertical
SVT type, position transform transform
SYT-V, position DCT-8 DCT-2
SVT-V, position 1 DST-1 DCT-2
SYT-V, position 2 DST-7 DCT-2
SVT-H, position 0 DCT-2 DCT-8
SVT-H, position | DCT-2 DST-1
SVT-H, position 2 DCT-2 DST-7

In alterative implementation manner, DST-7 may be replaced with BST-4, and DCT-§
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the horizontal transform and vertical transform for different SVT
types and positions are listed in Table 11", In this example, the vertical transform for
SVT-V and the horizontal transform for SVT-H are set as DCT-2, and the other
transform is based on SVT position.

Table 11", An example of 1-D horizontal and vertical transforms for different SVT
types and positions.

o e o .. horizontal vertical
SV type, position transform transform
SYT-V, position 0 DCT-4 DCT-2
SVT-V, position 1 DST-1 DCT-2
SVT-V, position 2 DST-4 DCT-2
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SVT-H, position 0 DCT-2 DCT-4
SVT-H, position 1 DCT-2 DST-1
SVT-H, position 2 DCTE-2 DST-4
[6366] In another example, the horizontal transtorm and vertical transform for

different SVT types and positions are listed in Table HL In this example, the

5 horizontal transform and vertical transform are decided only by SVT position.

Table 11, An example of 1-D horizontal and vertical transforms for ditferent SVT
types and positions.

e horizontal vertical
SVT type, position transform transform
SVT-V, position 0 DCT-§ DCT-8
SVT-V, position 1 DST-1 DST-1
SYT-V, position 2 DST-7 DST-7
SVT-H, position 0 DCT-8 DCT-8
SVT-H, position | DST-1 DST-1
SVT-H, position 2 DST-7 DST-7

In alterative tmplementation manner, DST-7 may be replaced with DST-4, and DCT-8
10 may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the horizontal transform and vertical transform for different SVT
types and positions are listed in Table I, In this example, the horizontal transform

and vertical transform are decided only by SVT position.

Table HI’. An example of 1-D horizontal and vertical transforms for ditferent SVT

15 types and positions.
e horizontal vertical
SVT type, position transform transform
SVT-V, position 0 DCT-4 DCT-4
SVT-V, position 1 DST-1 DST-1
SYT-V, position 2 DST-4 DST-4
SVT-H, position € BDCT-4 DCT-4
SVT-H, position | DST-1 DST-1
SVT-H, position 2 DST-4 DST-4
16367} In another example, the horizontal transform and vertical transform for

different SVT types and positions are listed in Table 1V.

20 Table V. An example of 1-D horizontal and vertical transforms for different SVT
types and positions.
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s horizontal vertical

SVT type, position transform transform

SVT-V, position DST-7 DCT-¥

SVT-V, position | DST-7 DST-1

SVT-V, position 2 DST-7 DST-7

SVT-H, positior 0 DCT-8 DST-7

SVT-H, position 1 DST-1 DST-7

SYT-H, position 2 DST-7 DST-7

In alterative tmplementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the horizontal transtorm and vertical transform for different SVT

types and positions are listed in Table IV,

Table IV, An example of 1-D horizontal and vertical transforms for different SVT

types and positions.

JU horizontal vertical
SV type, position transform transform
SYT-V, position 0 DST-4 DCT-4
SVT-VY, position | DST-4 DST-1
SVT-V, position 2 DST-4 DST-4
SVT-H, position 0 DCT-4 DST-4
SVT-H, position 1 DST-1 DST-4
SVT-H, position 2 DST-4 DST-4
[6368] In another example, the horizontal transform and vertical transform for

different SVT types and positions are listed in Table V.

Table V. An example of 1-D horizontal and vertical transforms for different SVT types

and positions.

N .. horizontal vertical
SVT type, position transform {ransform
SVT-V, position DCT-§ DST-7
SVT-V, position 1 DCT-2 DSy
SVT-V, position 2 D17 D817
SYT-H, position 0 DST-7 DCT-8
SVT-H, position 1 DST-7 DCT-2
SVT-H, position 2 DNT-7 DST-7

In alterative implementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the horizontal transform and vertical transform for different SVT

types and positions are listed o Table V',
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Table V’. An example of 1-D horizontal and vertical transforms for different SVT
types and positions.

T e - horizontal vertical
SVT type, position {ransform transform
SYT-V, position DCT-4 DST-4
SVT-V, position 1 bBCT-2 DST-4
SYT-V, position 2 DST-4 DST-4
SVT-H, position 0 DST-4 DCT-4
SVT-H, position 1 DST-4 DCT-2
SVT-H, position 2 DNT-4 DST-4
16369 In another example, the horizontal transform and vertical transform for

different SVT types and positions are listed in Table VI

Table VI, An example of 1-D horizontal and vertical transforms for different SVT
types and positions.

.. horizontal vertical
SVT type, position transform transform
SVT-V, position 0 DCT-8 DCT-2
SVT-V, position | DCE-2 DCT-2
SYT-VY, position 2 DST-7 DCT-2
SVT-H, position § bBCT-2 DCT-¥
SVT-H, position 1 DCTE-2 DCT-2
SYT-H, position 2 DCT-2 DST-7

In alterative tmplementation manner, DST-7 may be replaced with DST-4, and DCT-8
may be replaced with DCT-4 throughout the present disclosure. Accordingly, in
another example, the horizontal transform and vertical transform for different SVT
types and positions are listed in Table VI',

Table VI'. An example of 1-D horizontal and vertical transforms for different SVT
types and positions.

SVT type, position h@rizc?ntai Vertij:a'i
’ transform transform
SYT-V, position 0 DCT-4 DCT-2
SVT-V, position 1 DCT-2 DCT-2
SVT-V, position 2 DST-4 DCT-2
SVT-H, position 0 DCT-2 DCT-4
SVT-H, position 1 BDCT-2 DCT-2
SYT-H, position 2 DCT-2 DST-4

10376} The position~-dependent multiple transforms may be applied to luma

transtorm block only, and the corresponding chroma transform blocks always use
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inverse DCT-2 in the inverse transform process.
16371} Step 3. Parse transform coefficients of the transform block based on the
transform block size.

19372} This is a comonly used process in video decoding, such as the transform

o

coefficients parsing in HEVC or H.264/AVC. The transform coefficients may be

coded using run-length coding or coded more sophisticated as a set of transform

coetlicient groups (CQG).

19373] Step 3 may be conducted before Step 2.

18374} Step 4. Reconstruct the residual block Ro based on the transform

10 coefficients and the transform block position and the type of inverse transform.
16375] Inverse quantization and inverse transform of size w_txh t are applied to
the transform coefficients to recover residual samples. The size of the residual
samaples is w_txh t, which is the same to the transforro block size. The inverse
transform is a 2-D separable transform. The dequantized transform coefficient block

15 is first transformed by an inverse vertical transform to generate a block TC and then
the block TC is transformed by an inverse horizontal transform, in which the inverse
horizontal transform and inverse vertical transform are decided m Step 2.2 based on
transform block position or based on both transform block position and SVT type of
the transform block.

20 [6376] The residual samples are assigned to a corresponding region inside the

residual block Ro, according to the transform block position, and the rest samples

inside the residual block are set to be zero. For example, if SVT-V is used and the

number of candidate position is S5 and the position index is 4, the reconstructed

residual saraples are assigned o region A in Fig. 21{e) and the region of size (w/2)xh

[\
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to the left of region A has zero residual.

193771 After conducting Step 1 to Step 4, the recoustructed residual block may be
composed with a prediction block to generate the reconstructed samples in a coding
unit. A filtering process may be applied on the reconstructed samples later, such as
deblocking filter and sample adaptive offset (SA(Q) processing in HEVC,

30 [0378] Unlike existing solutions, the present solution adaptively uses multiple
transform types for transforn block based on the SVT type and position information.
10379} The present disclosure introduces an improved SVT scheme. Two types of
SVT blocks are used for residual coding, denoted as SVT-H and SVT-V, as shown in
Fig. 23. Thescarc (1} SVT-Viw t=w/2and h t=h;and (2) SVT-H: w t=wand h ¢
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=h/2.

163801 SVT-V 13 similar to SVT-I and SVT-H i3 similar to SVT-HI, Compare
with SVT-11 and SVT-HI, the transform block in SVT-V and SVT-H is enlarged to half
of the residual block, which can cover more residual in the residual block, Note that
SVT-H or SVT-H may be used to replace SVT-V or SVT-H.

10381} Candidate positions are decided by a Candidate Position Step Size (CPSS).

o

Accordingly, candidate positions are separated with an equal space specified by the
CPSS. The mamber of candidate positions is reduced to no more than 5 in different
embodiments, which mitigates the overhead of position information as well as the
10 encoder complexity for deciding the best transform block position.
16382} The CPSS denotes the distance between two adjacent candidate positions
{e.g., 1 in {1]), and is calculated based on the width or height of the residual block.
More specifically, the candidate position step size for SVT-V is determined as h b =
max{w/M1, Thl), where M1 and Thl are pre-defined integers, and max{a,b} is the
15 operation of selecting the maximum valoe between a and b. Similarly, the candidate
position step sizes for SVT-H is determined as w_b = max(w/M2, Th2}, where M2
and Th2 arc pre-defined integers. M1 and M2 are mtegers between 2 and 8, e.g.,
M1=M2=§, or M1=M2=4, or M1=M2=2, Thl and Th2 are integers no less than 2. M1,
M2, Thl and Th2 can be set as {ixed values or they can be derived from a high-level
20 syutax structure in the bitstream (e.g., sequence parameter set).
[6383] The codimg of SVT mnformation (e¢.g., the usage of SVT for a residual
block, the type of SVT, and the position of the transform block) is different from that
in [1], and is further improved by analyzing the transform cocfficients of the residual
block.

[0384] For the case where SVT-V: w_t = w/2 and h t = h, the SVT information

[\
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may be partially derived from decoded transform coefficients. In one example, the
position information may be derived from the sum of the transform coefticients levels.
In another example, the SVT type information is derived from the sam of a first group
of transform coefficients {e.g., the first 16 coefficients in a scan order), and the
30 position mformation is derived from the sum of a sccond group of transform
coefficients {e.g., the rest coefficients in the transform block).
10385} For the case where SVT-H: w t = w and h t = b/2, the number of
candidate positions is determined according to the transform coefficient information,

and the position information is decoded based on the number of candidate positions.
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16356] Embodiment 1
10387} This embodiment describes the process of decoding a residual block. A
bitstream containing at least one picture of video data is decoded. A picture is split

mnio a plurality of rectangular image regions and each region corresponds to a Coding

o

Tree Unit (CTU}. A CTU is partitioned into a plurality of blocks, such as the coding
onits in High Efficiency Video Coding (HEVC), according to block partition
information contained in the bitstream. Coding information of the blocks are parsed
from the bitstream and pixels of the blocks are reconstructed based on the coding
miormation.

10 6388} In this embodiment, SVT is restricted to be used for inter-predicted blocks.
SVT may also be used for intra-predicted blocks. In a more advanced method, SVT
may be allowed for blocks using specific inter prediction method (e.g., translation
model based motion compensation) but not allowed for blocks using some other inter
prediction method (e.g., affine model based motion compensation).

15 (06389 In one example, a block may refer to a coding unit, where the coding unit
may contain one prediction block and one residual block. The prediction block may
contain all prediction samples of the coding unit, the residual block may contain all
residual samples of the coding unit, and the prediction block is of the same size as the
residual block, In another example, a block may refer to a coding unit, a coding unit

20 may contain two prediction blocks and one residual block, each prediction block may

contain a part of prediction samples of the coding unit, and a residual block may

contain al residnal samples of the coding unit. In another example, a block may refer
to a coding unit, a coding unit may contain two prediction blocks and four residual
blocks. The partition patiern of residual blocks in a coding unit may be signaled in the

bitstream, such as the Residual Quad-Tree (RQT) in HEVC.

[\
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10390} A block may coutain only Y componeunt of image samples {(or pixels), or it
may contain Y, U and V components of image samples.

10391} A residual block Ro of size wxh can be reconstructed by the following
steps.

30 [0392] Step 1. Determine the transform block size of the residual block Ro.

16383 Step 1.1, Determine the usage of SVT according to a syntax element. For a
residual block which is allowed to use SVT, if the residual block has non-zero
transform coefficients of Y component {or it has non-zero transform coefficients of
any color component), a flag (namely svt_flag) is parsed from the bitstream, which
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indicates whether the residual block is coded using a transform block of the same size
to the residoal block (e.g., svt flag = 0) or the residual block 15 coded with a
transform block of a smaller size than the residual block (e.g., svt flag = 1}, Whether

a block has non-zero transform coefficients of a color component may be indicated by

o

a coded block flag (cbf) of the color component, as used in HEVC. Whether a block
has non-zero transform coefficients of any color component may be indicated by a
root coded block flag (root ¢bf), as used in HEVC.
[8394] In one example, a block is allowed to use SVT if the following conditions
are satisfied.
10 [0395] 1} the block 1s predicted using inter prediction;
16396} 2} either the block width or block height falls in a pre-determined range
fal, a2}, e.g., al=16 and aZ=64, or al=¥ and aZ=064, or al=16 and a2=128. The value
of al and a2 can be fixed values. The value also can be derived from a sequence
parameter set {(SPS) or a slice header.
15 [6397] If the block does not use SVT, the transform block size is set as wxh.
Otherwise, Step 1.2 is applied to decide the transform size.
[0398] Step 1.2, Determine the type of SVT according to a syntax element, and
derive the transform block size according to the SVT type. Allowed SVT types for the
residual block are decided based on the width and height of the residual block. SVT-V
20 is allowed if w is in the range [al, a2]; SVT-H is allowed if h is in the range [al, a2].
SVT may be only used for the Y component, or it may be used for all three
components. When SVT is only used for the Y component, the Y component residual
is transformed by SVT and the U and V components are transformed according to the
size of the residual block.

[6399] When both SVIT-V and SVT-H are allowed, onc flag (namely

[\
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(e.g., svt_type flag = 0} or SVT-H is used (e.g., svt_type flag = 1) for the residual
bilock, and the transform block size is set according to the signaled SVT type (ie.,
w_t=w/2 and h t=h for SVT-V, and w_t=w and h_t=h/2 for SVT-H). When only

30 SVT-V is allowed or only SVT-H is allowed, the svt_type flag is not parsed from the
bitstream, and the transform block size i3 set according to the allowed SVT type.
104060] Step 2. Determine the transform block position according to a syntax
element.

(6461} A position index P is parsed from the bitstream, and the position offset 2
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of the top left corner of the transform block to the top left corner of the residual block

is determined as Z = s X P, where s is a CPSS, The value of P is among 0, 1, ...,
e 1 VTV s used, or the value of P is among 0, 1, ..., ———= if SVT-H

is used. More specifically, let (0, 0) represent the coordinate of the top left corner of

o

the residual block, the coordinate of the top left corner of the transform block s {7, 0)
for SVT-V or (0, 7 for SVT-H.
16402} In one example, the CPSS is calculated as s = w/M1 for SVT-V or § =
M2 for SVT-H, where w and h are the width and height of the residual block,
respectively, and M1 and M2 are pre-determined integers in range of 2 to & More
10 candidate positions arc allowed with a larger M1 or M2 value. In this example, M1
and M2 are both set as 8. Therefore, the value of P is amoung 0 to 4. The candidate
positions are illustrated in Fig. 24,
10403} In another example, the CPSS is calculated as s = max{(w/M1, Thi} for
SVT-V or s = max{h/M2, Th2) for SVT-H, where Thl and Th2 are pre-defined
15 integers specifying a minimum step size. Thi and Th2 are miegers no less than 2. In
this example, Thl and Th2 are set as 4, and M1 and M2 are set as 8. In this example,
different block sizes may have different number of candidate positions. For exaruple,
when w=8, 2 candidate positions {(as tllustrated by Fig. 24(A) and Fig. 24(E}) are
available to choose; when w=16, 3 candidate positions (as tlustrated by Fig. 24(A),
20 Fig. 24(C) and Fig. 24(E)) arc available to choose; when w>16, 5 positions are
available to choose.
18404} In another example, the CPSS is calculated as s = w/M1 for SVI-Vors =
h/M2 for SVT-H, where M1 and M2 are set as 4, Accordingly, 3 candidate positions
are allowed.

(6405} In another example, the CP3S is calculated as s = w/MI for SVI-V or s =

[\
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b/M2 for SVT-H, where M1 and M2 are set as 2. Accordingly, 2 candidate positions

are allowed.

16406} In another example, the CPSS is calenlated as s = max(w/M1, Thl) for

SVT-V or s = max{h/M2, Th2) for SVT-H, where T1 and T2 are set as 2, M1 is set as
30 Bifw>horissetasdifw<h andMZissctas8ith>worissetasdifh<w. In

this case, the number of candidate positions for SVT-H or SVT-V may further depend

on the aspect ratio of the residual block.

16407} In another example, the CPSS is calculated as s = max{w/M1, Thl) for
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SVT-V or s = max(h/M2, Th2) for SVT-H, where the values of M1, M2, Th1 and Th2
are derived from a high-level syntax structure in the bitstream {e.g., sequence
parameter set). M1 and M2 may share the same value parsed from a syntax clement,

and Thi and Th2 roay share the same value parsed frorn another syntax element.

o

104688 The position index P may be binarized into one or more bins using
trancated unary code, For example, if the P value is in the range of 0 to 4, P value 0, 4,
2,3 and 1 are binarized as 0, 01, 001, 0001 and 0000, respectively; if the P value is in
the range of 0 to 1, P value 0 and | arc binarized as 0 and 1, respectively.
18409} Step 3. Parse transform coefficients of the transform block based on the
10 transtorm block size.
16416 This is a commonly used process in video decoding, such as the transform
cocfficients parsing in HEVC or H.264/Advanced Video Coding (AV(). The
transform coefficients may be coded wusing ron-length coding or coded more
sophisticated as a set of transform groups.
15 6411 Step 3 may be condacted before Step 2,
16412} Step 4. Reconstruct the residual block Ro based on the transform
coctlicients and the transform block position.
104134 Inverse quantization and inverse transform of size w_txh t are applied to
the transform coefficients o recover residual samples. The size of the residual
20 samples is w_txh t, which is the same to the transform block size. The inverse
transform may be an inverse Discrete Cosine Transform (DCT) or an inverse Discrete
Sine Transform (DST).
10414} The residual samples are assigned to a corresponding region inside the

residual block Ro, according to the transform block position, and the rest samples
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inside the residual block are set to be zero. For example, if SVT-V is used and the
nunber of candidate position is 5 and the position index is 4, the reconstructed
residual samples are assigned to region A in Fig. 24(E) and the region of size (w/2)xh
to the left of region A has zero residual,

16415] After conducting Step 1 to Step 4, the reconstructed residual block may be
30 composed with a prediction block to gencrate the reconstructed samples in a coding
unit. A filtering process may be applied on the reconstructed samples later, such as
deblocking filter and sample adaptive offset (SAQ) processing in HEVC.

(6416} Embodiment 2

(0417} In another embodiment, the transform position information is derived from

{35



WO 2019/076206 PCT/CN2018/109361

the transform coefficients of the residual block. A residual block Ro of size wxh can
e reconstructed by the following steps.
(0418} Step 1. Determine the transform block size of the residual block Ro.

10419} The same process described in Step 1 of Embodiment 1 can be applied.

o

184201 Step 2. Parse transform coefficients of the transform block based on the

transtorm block size.

(6421} The same process described in Step 3 of Embodiment 1 can be applied.

0422} Step 3. Derive the transform block position based on the sum of the

transform coe{ficients.

10 0423 In one example, the sum of the transform cocfficients is calculated by
adding up all transform coefficients of Y component. In another example, the sum of
the transform coefficients is calculated by adding up all transform coefficients of Y, U
and V components. In another example, the sum of the transform coeflicients is
calculated by adding up the first N transform coefficients of Y component in

15 coefficients scan order {e.g., using a zig-zag scan), where N may be set as 16 or 32,
16424} The position index P (which indicates the transform block position, as
described in Embodiment 1) is derived by the sum of the transform coefficients St and
the number of candidate positions Nt associated with the transform block, according
to the following formula:

20 [6425] P =St % N,

(0426} where % denotes a modulo operation which finds the remainder after

division of St by Nt.

10427} More specifically, in one example, the parameter M1 and M2 are set as 4,

and there are 3 candidate positions for SVT-H or SVT-V (i.e.,, Nt for SVI-H or SVT-V
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is 3). The P is calculated as the remainder of 8t divided by 3. In another example, the
parameter M1 and M2 are set as 2, and there are 2 candidate positions for SVT-H or
SVT-V {(ie., Nt for SVT-H or SVT-V 1g 2. The P is calculated as the remainder of St
divided by 2.

14428} In another example, the position index may be partially decided by the
30 transform coefficient sum. The parameter M1 and M2 are set as 8, and there are 5
candidate positions for SVT-H or SVT-V. ' St%3 is equal to 0, P is determined as §; if
St%3 1s equal to 1, P is determined as 4; otherwise, the P value is among 1, 2 and 3
{but not decided yet). Then, a syntax element having three possible values is parsed to
determine whether P is equal to 1 or 2 or 3 based on the value of the syntax element
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(e.g., Pisset as 1, 2 or 3 if the syntax element value is 0, T or 2).
[6429] There may be some condition check to determine whether the position
mndex information is hidden in the coefficient sum. For example, when the mumber of

transform coefficients is smaller than a threshold {e.g., 4 or 6) or the distance between

o

the first and last coctficients are smaller than a threshold (e.g., 5 or 6), the position
index does not rely on the coefficient sam and is explicitly signaled, and the parsing
process in Embodiment 1 is applied to determine the position index.
(0430} Step 4. Reconstruct the residual block Ro based on the transform
coefficients and the transform block position.
10 (0431} The same process described in Step 4 of embodiment 1 can be applied.
6432} Embodiment 3
[6433] In another embodiment, the type of SV'T is derived based on a first group
of transform coetlicient, and the position information is derived from a second group
of the transform coefficients of the residual block.
15 [06434] A residual block Ro of size wxh can be recoustructed by the following
steps.
[0435] Step 1. Determine the transform block size of the residual block Ro, by
step 1.1 and step 1.2
10436] Step 1.1, Determine the usage of SVT. This is the same as Step 1.1 in
20 Embodiment 1.
10437} Step 1.2, Parse a first group of transform coctlicients and determine the
type of SVT based on the sum of the first group of transform coefficients.
10438 The first group of transform coefficients may be in a region of size

w_tixh t1 at the top left part of the transform block {(corresponding to lower
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equency transform coefficients), as illustrated by the solid region 1 in Fig. 25. In one
example, w_t1 and h_t1 are both set as 4. In another exarple, w_tl = max(w/8, 4)
and b _t1 = max(h/8, 4).
16439} If the sum of the first-group coefficients 1s an ¢ven mumber, SVT-V {or
SVT-H} is used; otherwise, SVT-H (or SYT-V} is used.
30 [0448] Step 2. Parse the rest transform cocflicients in the transform block based
on the transform block size.
10441} The coctlicients scan order is derived based on the width and height of the
transform block. When parsing the transform coefficients, the coefficients at positions

covered by the first group of transform coefficicnts are skipped and they are assigned
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to be the first group of transform coefficients.

10442] Step 3. Derive the transforrn block position based on the sum of a second
group of transform coefficients.

10443} A second group of transform coefficients are used to calculate a sam.
Based on the sum, the position index is derived, in which the method described in
Embodiment 2 can be used. The second group of transtorm coeflicicnts may be in a
region of size w_t2xh {2 at the top left part of the transform block apart from the first
group of transform cocfficicnts, as illustrated by the dotted region 2 in Fig. 25, In one
example, w {2 = w _tand h 12 = h t, i.e., all coeflicients apart from the first-group
coefficients belong to the second group. In another example, w 2 = max(w /2, w_t1}
and h 2 =max{(h /2, h t1).

[6444] Step 4. Reconstruct the residual block Ro based on the transform
coctlicients and the transform block position. The processing in Step 4 of
Embodiment 1 can be used.

(6445} Embodiment 4

(6446} In another embodiment, the number of candidate positions for a residual
block using SVT 1s derived based on the distribution of transform coefficient.

10447} A residual block Ro of size wrh can be reconstructed by the following
steps.

[6448] Step 1. Determine the transform block size of the residual block Ro.

10449] The same process described i Step 1 of Embodiment | can be applied.
18450} Step 2. Parse transform coefficients of the transform block based on the
transtorm block size.

10451} The same process described in Step 3 of Embodiment 1 can be applied.
[6452] Step 3. Derive the transform block position based on the distribution of the
transform coefficients,

18453} In one example, the mumber of non-zero transform coefficients Nnz are
used to decide the number of candidate positions. If Nnz is smaller than a threshold
{e.g., 4 or 5 or 8), the candidate position step size is set as w/4 for SVT-V and b/4 for
SVT-H, and thus the number of candidate positions is 3; otherwise, the candidate
position step size is set as w/8 for SVT-V and b/8 or SVT-H, and thus the number of
candidate positions 18 5,

(6454} In another example, if the last non-zero transform coefficients is inside the
top left 4x4 area i the transform block, the candidate position step size is set as w/4
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)

for SVT-V and h/4 for SVT-H, and thus the number of candidate positions is 3;
otherwise, the candidate position step size is set as w/8 for SVT-V and W/8 or SVT-H,
and thus the number of candidate positions is 5.

10455] Based on the number of candidate positions, the position index is decoded

o

with truncated unary code with the largest possible value being the number of
candidale posttions rminus one.
[6456] Step 4. Reconstruct the residual block Ro based on the transform
coctficients and the transform block position. The processing in Step 4 of
Embodiment 1 can be used.
10 (0457} The present disclosure provides the following benefits and advantages
relative to known solutions.
[0458] The candidate positions for SVT blocks are decided by a step size related
to the width and height of the residual block and are limited to be no more than 5,
which reduces the transform block information compared with [1] and achieves a
15 better balance between signaling overhead and residual coding efficiency,
6459} The SVT information is coded different from [1], i.e., it is organized as a
SVT usage intormation, a SV'T type mformation, and a SVT position mformation.
10460} The SVT position information may be derived based on the sum of a
plurality of transform coefficients of the residual block.
20 [6461] The SVT type information may be derived based on the sum of a plurality
of transtorm coefficients of the residual block.
10462} It may be clearly understood by a person skilled in the art that, for the
purpose of convenient and bricf description, division of the foregoing functional

modules is taken as an example for illustration. In actual application, the {oregoing
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functions can be allocated to different functional modules and implemented according
to a requirement, that is, an inver structure of an apparatus is divided into different
functional modules to implement all or some of the functions described above. For a
detailed working process of the foregoing system, apparatus, and untt, reference may
be made to a corresponding process in the foregoing method embodiments, and
30 details are not described hercin again.

[6463] In the several embodiments provided in the present application, it should
be understood that the disclosed system, apparatos, and method may be implemented
in other manners, For exaruple, the described apparatus embodiment is merely

exemplary. For example, the module or unit division is merely logical function
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division and may be other division in actual implernentation. For example, a plurality
of units or components may be combined or mtegrated into another system, or some
features may be ignored or not performed. In addition, the displayed or discussed
nutual couplings or direct couplings or comnmnication connections may be
implemented by using some interfaces. The indirect couplings or communication
connections between the apparatuses or units may be implemented in electronic,
mechanical, or other forms.

[6464] The units described as separate parts may or may not be physically
separate, and paris displayed as units may or may not be physical units, may be
located in one position, or may be distributed on a plarality of network units. Some or
all of the units may be selected according to actual needs to achieve the objectives of
the solutions of the embodiments.

10465] In addition, functional units in the embodiments of the present invention
may be integrated into one processing unit, or cach of the units may exist alone
physically, or two or more units are infegrated into one unit. The integrated unit may
be woplemented in a forro of hardware, or may be implemeunted in a form of a
software functional unit.

[6466] When the integrated unit is implemented in the form of a software
functional unit and sold or used as an independent prodact, the integrated onit may be
stored in a computer-readable storage medinm. Based on such an understanding, the
technical solutions of the present invention essentially, or the part contributing to the
prior art, or all or some of the technical solutions may be implemented in the form of
a software product. The computer software product is stored in a storage medium and
includes several ijustructions for justructing a cowputer device (which may be a
personal computer, a server, or a network device) or a processor {processor) to
perform all or some of the steps of the methods described in the embodiments of the
present mvention. The foregoing storage medium includes: any medium that can store
program code, such as a USB flash drive, a removable hard disk, a read-only memory
{ROM, Read-Only Memory), a random access memory (RAM, Random Access
Memory), a magnetic disk, or an optical dise.

10467} The foregoing descriptions are merely specific implementation manners of
the present invention, but are not intended to Hmit the protection scope of the present
invention. Any variation or replacemeunt readily figured out by a person skilled 1o the
art within the technical scope disclosed in the present invention shall fall within the
protection scope of the present invention. Therefore, the protection scope of the

present invention shall be subject to the protection scope of the claims.
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CLAIMS

What is claimed is:

1. A video decoding method, comprising:

parsing a received bitstream to obtain prediction information of a coding unit
(CU);

when the CU has only one residual transform unit (TU) and a size of the residual
TU 1s less than a size of the CU, obtaining a target transtorm mode of the residual TU;
wherein the target transform mode specifies a TU partitioning mode of the CU, the
position of the residual TU, and a transform type set of the residual TU;

obtaining a transform type of the residual TU frowm the transform type set;

parsing the received bitstream to obtain transform coefficients of the residual
T,

applying an inverse quantization to the transform coefficients of the residual TU
to obtain dequantized coefficients;

applying, based on the transform type of the residual TU or based on the TU
partitioning mode of the CU, the position of the residual TU and the transform type of
the residual TU, an inverse transform to the dequantized coefficients to obtain a
residual block of the residual TU;

obtaining a prediction block of the CU based on the prediction information;

obtaining a video block based on the residual block and the prediction block; and

outputting a video sequence, the video sequence including a video frame that

includes the video block.

2. The method according to claim 1, wherein N transform modes correspond to a
transform type set, wherein the transform type set mcludes two or more transform

types or the transform type set inclades one or more transform types.

3. The method according to claim 2, wherein the transform type set of ecach
transform mode includes four transform types, as follows:

transform type 1: a horizontal transform of the residual TU is DST-7 and a
vertical transform of the residual TU 158 DST-7, denoted as DST-7/DST-7;

transform type 2: a horizontal transform of the resideal TU is DST-7 and a

141



WO 2019/076206 PCT/CN2018/109361

vertical transform of the residual TU is DCT-8, denoted as DST-7/DCT-E;
transform typee 3: a horizoutal transform of the residual TU is DCT-R and a
vertical transform of the residual TU is DST-7, denoted as DCT-8/DST-7;

transform type 4: a horizontal transform of the residual TU is DCT-8 and a

o

vertical transform of the residual TU is DCT-8, denoted as DCT-8/DCT-S.

4. The method according to claim 2, wherein the transform type set of each
transform mode includes four transform types, as follows:
transform type 1: a horizontal transform of the residual TU is DST4 and a
10 wvertical transform of the residual TU 15 DST-4, denoted as DST-4/DST-4;
transform type 2: a horizontal transform of the resideal TU is DST-4 and a
vertical transform of the residual TU is DCT-4, denoted as DST-4/DCT-4;
transform typee 3: a horizontal transform of the residual TU is DCT4 and a
vertical transform of the residual TU is DST-4, denoted as DCT-4/D8T-4;
15 transform type 4: a horizontal transform of the residual TU is DCT-4 and a

vertical transform of the residual TU s BUT-4, denoted as DCT-4/DCT-4.

5. The method according to claim 1, wherein N transform modes correspond to N
transform type sets; wherein N >=1 and N is a positive integer;
20 wherein each transform type set includes two or more transform types or each

transform type set includes one or more transform types,

6. The method according to any one of the preceding claims, if the transform

type set includes two or more transform types, the step of oblaining a transforru type
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of the residual TU from the transform type set, comprises:

selecting a transforro type of the residual TU from the transform type set,

7. The method according to any onc of the preceding claims, the method further
comprises: parsing indication information from the bitstream, wherein the indication
30 information indicates a transform type of the residual TU;
the step of obtaining a transform type of the residual TU from the transform type
set, CoMprises:
determining a transform type of the residual TU from the transform type set
based on the indication information parsed from the bitstream.
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8. The rethod according to any one of the preceding claims, wherein if the
transform type set of the residual TU includes a first transform type and a sccond

transform type, the second transform type is dependent from the first transform type;

5 or
if the transform type set of the residual TU includes a first transform type and a
second transform type, the second transform type is independent from the first
transform type or the second transform type is a unified transform type.
10 9. The method according to claim 8, wherein the second transform type is a

unified transform type being a horizontal transform of the residnal TU is DCT-2 and a

vertical transform of the residual TU is DCT-2, denoted as DCT-2/DCT-2.

10. The method according to any one of the preceding claims, wherein the size of
15 the CU is denoted by WxH; wherein the target transtorm mode of the residual TU is
one of the following modes:
transtorm mode QU, which specifies that the TU partitioning mode of the CU 1
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
top-left, and the transform type is selected from a transform type set; the transform
20 type set includes two transform types, wherein a first transform type is that a
horizontal transform of the residual TU s DCT-8 and a vertical transform of the
residual TU is DCT-8; a second transform type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU is DST-7;

transform mode 1, which specifies that the TU partitioning mode of the CU 13

[\
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to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
top-right, and the transform type is selected from a transform type set; the transform
type set includes two transform types, wherein a first transform type is that a
horizontal transtorm of the residual TU is DST-7 and a vertical transtform of the
restdual TU is DCT-8; a second transform type is that a horizontal transform of the
30 residual TU is DCT-8 and a vertical transtorm of the residual TU s DST-7;

transform mode Q2, which specifies that the TU partitioning mode of the CU is
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU 1s
bottom-left, and the transform type is sclected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
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a horizontal transform of the residual TU 15 DCT-8 and a vertical transform of the
residual TU is DST-7; a second transforro type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU 1s DCT-8;

transtorm mode Q3, which specifies that the TU partitioning mode of the CU 1s

o

to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
bottomeright, and the transform type is sclected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU is DST-7 and a vertical transform of the
residual TU is DST-7; a second transform type is that a horizontal transform of the
10 residual TU is DCT-8 and a vertical transform of the residual TU is DCT-S;
transform mode QHO, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a
size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a size of
Wx(H/2}, the position of the residnal TU is top-left, and the transform type is selected
15 from a transform type set; the transform type set includes two travsform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DCT-8 and a vertical transform of the residual TU 1s DCT-§; a second transform type
is that a horizontal transform of the residual TU is DST-7 and a vertical transform of
the residual TU is DST-7;
20 transform mode QHU, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a
size of (W/2)=(H/2), and the other TU of the 3TUs is in the bottom and has a size of
Wx(H/2), the position of the residual TU is top-right, and the transform type is

selected from a transform type set; the transform type set includes two transform
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types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 and a vertical transform of the residual TU i3 DCT-8; a second transform
type is that a horizontal transtorm of the residual TU is DCT-8 and a vertical
transtorm of the residual TU is DST-7;

transform mode QH2, which specifies that the TU partitioning mode of the CU is
30 to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have
a size of (W/2}x{H/2}, and the other TU of the 3TUs is in the top and has a size of
Wx(H/2), the position of the residual TU is bottom-left, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
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is DCT-8 and a vertical transform of the residual TU is DST-7; a second transform
type is that a horizontal transform of the residual TU is DST-7 and a vertical
transform of the residual TU s DCT-8;

transtorm mode QH3, which specifies that the TU partitioning mode of the CU 1s

o

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have

a size of (W/2)x(H/2), and the other TU of the 3TUs 1s in the top and has a size of

Wx(H/2), the position of the residual TU is bottome-right, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

10 is DST-7 and a vertical transform of the residual TU is D8T-7; a sccond transform

type is that a horizontal transform of the residual TU is DCT-8 and a vertical
transform of the residual TU is DCT-8;

transtorm mode QVO0, which specifies that the TU partitioning mode of the CU 1s

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and have a

15 size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size of

{W/2yxH, the position of the residual TU is top-lefl, and the transform type is selected

from a transform type set; the transform type set includes two transform types,

wherein a first transform type is that a horizontal transform of the residual TU is

DCT-R8 and a vertical transform of the residual TU is DCT-R; a second transform type

20 is that a horizontal transform of the residual TU is DST-7 and a vertical transform of

the residual TU is DST-7;
transform mode V1, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a

size of (W/2)x(H/2), and the other TU of the 3TUs i3 in the lefl and has a size of

[\
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{W/2yxH, the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 and a vertical transform of the residual TU 1s DCT-8; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical
30 transform of the residual TU s DST-7;

transform mode V2, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and have a
size of (W/2)=(H/2), and the other TU of the 3TUs is in the right and has a size of
(W/2)#H, the position of the residual TU is bottom-left, and the transform type is
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selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transtform of the residual TU
is DCT-R and a vertical transform of the residual TU is DST-7; a second transform

type is that a horizontal transform of the residual TU i3 DST-7 and a vertical

o

transform of the residual TU is DCT-¥;
transform mode QV3, which specifies that the TU partitioning mode of the CU i3

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a

size of (W/2)x(H/2), and the other TU of the 3TUs is in the left and has a size of

{(W/72)=H, the position of the resideal TU is bottom-right, and the transform type is

10 seclected from a transform type sct; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 and a vertical transform of the residual TU is DST-7; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical
transform of the residual TU is DCT-¥;

15 transform mode HQO, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 2 TUs, wherein a size of a top TU is smaller than a size of a
bottom TU, the position of the residual TU s top, and the transform type is sclected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type s that a horizountal transform of the residual TU is

20 DST-7 or DCT-2, and a vertical transform of the residual TU 18 DCT-R; a second

transform type is that a horizontal transform of the residual TU s DCT-8 or DCT-2,

and a vertical transform of the residual TU is DRT-7;
transform mode HQ1, which specifics that the TU partitioning mode of the CU is

to partition the CU into 2 TUs, wherein a size of a bottomn TU is smaller than a size of

[\
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a top TU, the position of the residual TU is bottom, and the transform type is selected
from a transform type set; the transform type set inchudes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-7 or DCT-2, and a vertical transform of the residual TU is DST-7; a second
transform type is that a horizontal transform of the residual TU s DCT-8 or DCT-2
30 and a vertical transform of the residual TU is DCT-§;

transform mode VOO, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size of a
right TU, the position of the residual TU is lefi, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
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wherein a first transform type is that a horizontal transform of the residual TU is
DCT-8 and a vertical transform of the residual TU is DST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU s DST-7, and a

vertical transform of the residual TU is DCT-8 or DCT-2;

o

transform mode VQ1, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a right TU s smaller than a size of a
ieft TU, the position of the residual TU is right, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
160 DST-7 and a vertical transtorm of the residual TU 1s DST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DCT-8 and a

vertical transform of the residual TU is DCT-8 or DCT-2;
transtorm mode HHO, which specifies that the TU partitioning mode of the CU 1s
to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
15 bottom TU, the position of the residual TU 1is top, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST7 or DCT-2, and a vertical transform of the residual TU is DCT-8; a second
transform type is that a horizonial transform of the residual TU s DCT-8 or DCT-2

20 and a vertical transform of the residual TU is DST-7;

transtorm mode HHI, which specifies that the TU partitioning mode of the CU 1
to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, the position of the residual TU is bottom, and the transtorm type is

selected from a transform type set; the transform type set includes two transform
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types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-7 or DCT-2, and a vertical transform of the residual TU 1s DST-7; a second
transform type is that a horizontal transform of the residual TU is DCT-8 or DCT-2
and a vertical transform of the residual TU is DCT-8;

transform mode HH2, which specifies that the TU partitioning mode of the CU is
30 to partition the CU mto 3 TUs, wherein a size of a top TU is cqual to a size of a
bottom TU, and the size of the top TU is less than a size of a center TU, the position
of the residual TU is center, and the transform type is selected from a transform type
set; the transform type set includes two transform types, wherein a first transform type
is that a horizontal transform of the residual TU is DST-7 and a vertical transtorm of
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the residnal TU is DCT-2; a second transform type is that a horizontal transform of the
residual TU 15 DCT-8 and a vertical transform of the residual TU s DCT-2; or
wherein a first transform type is that a horizontal transform of the residual TU is

DST-7 and a vertical transform of the residual TU is BST-1; a second transform type

o

is that a horizontal transtorm of the residual TU is DCT-8 and a vertical transform of
the residual TU is DST-1;
transform mode VHO, which specifies that the TU partitioning mode of the CU s
to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a right
TU, the position of the residual TU is left, and the transform type is selected from a
10 transtorm type set; the transform type set includes two transform types, wherein a
first transform type is that a horizontal transform of the residual TU is DCT-8 and a
vertical transform of the residual TU is DST-7 or DCT-2; a second transform type is
that a horizontal transform of the residual TU is DST-7 and a vertical transform of the
residual TU is DCT-8 or DCT-2;
15 transform mode VHI, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a right
TU, the position of the residual TU is right, and the transform type is selected from a
transform type set; the transform type set includes two transform types, wherein a first
transform type is that a horizonial transform of the residual TU is DST-7 and a
20 wvertical transform of the residual TU is DST-7 or DCT-2; a second transform type is
that a horizontal transform of the residual TU 15 DCT-8 and a vertical transform of the
residual TU is DCT-8 or BCT-2; or
transform mode VH2 transform mode HH2, which specifics that the TU

partitioning mode of the CU is to partition the CU into 3 TUs, wherein a size of a lefi
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TU is equal to a size of a right TU and the size of the left TU is less than a size of a
center TU, the position of the residual TU is center, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DCT-2 and a vertical transform of the residual TU is DST-7; a second transform type
30 is that a horizontal transform of the residual TU 15 DCT-2 and & vertical transform of
the residual TU is DCT-8; or wherein first transform type is that a horizontal
transtorm of the residual TU is DST-1 and a vertical transform of the residual TU is
DST-7; a second transform type is that a horizontal transform of the residual TU is

DST-1 and a vertical transform of the residual TU 1s DCT-8,
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11. The method according to any one of the preceding claims, wherein the size of
the CU is denoted by WxH; wherein the target transform mode of the residual TU is

one of the following modes:

o

transform mode Q0, which specifies that the TU partitioning mode of the CU is
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
top-left, and the transform type is selected from a transform type set; the transform
type set includes two transform types, wherein a first transform type is that a
horizontal transform of the residual TU is DCT-4 and a vertical transform of the
10 residual TU is DCT-4; a second transform type is that a horizontal transform of the
residual TU is DST-4 and a vertical transform of the residual TU is DST-4;
transform mode Q1, which specifies that the TU partitioning mode of the CU s
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
top-right, and the transform type is selected from a transform type set; the transform
15 type set inchudes two transform types, wherein a first transform type is that a
horizontal transform of the residaal TU is DST-4 and a vertical transform of the
residual TU is DCT-4; a second transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transform of the residual TU is DST-4;
transform mode 2, which specifies that the TU partitioning mode of the CU i3
20 to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU 15
bottom-left, and the transform type is selected from a transform type sct; the
transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU 15 DCT-4 and a vertical transform of the

residual TU is DST-4; a second transforro type is that a horizontal transform of the
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residual TU is DST-4 and a vertical transform of the residual TU is DCT-4;

transtorm mode Q3, which specifies that the TU partitioning mode of the CU 1s
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
bottome-right, and the transform type is sclected from a transform type sct; the
transform type set inchudes two transform types, wherein a first transform type is that
30 a horizontal transform of the residual TU is DST-4 and a vertical transform of the
residual TU is DST-4; a second transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transform of the residual TU is DCT-4;

transform mode QHO, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a
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size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a size of
Wx(H/2}, the position of the residual TU is top-left, and the transform type is selected
from a transform type set; the transform type set includes two transform types,

wherein a first transform type is that a horizontal transform of the residual TU is

o

DCT-4 and a vertical transform of the residnal TU is DCT-4; a second transform type
is that a horizontal transform of the residual TU is DST-4 and a vertical travsform of
the residual TU is DST-4;

transtorm mode QHI, which specifies that the TU partitioning mode of the CU 1

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a

10 size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a size of

Wx(H/2), the position of the residual TU is top-right, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-4 and a vertical transform of the residual TU is DCT-4; a second transform

15 type is that a horizontal transform of the residual TU is DCT-4 and a vertical
transform of the residual TU is DST-4;

transtorm mode QH2, which specifies that the TU partitioning mode of the CU 1

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have

a size of (W/2)x(H/2), and the other TU of the 3TUs 1s in the top and has a size of

20 Wx(H/2}, the position of the residaal TU is bottom-left, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is DCT-4 and a vertical transform of the residual TU is DST-4; a sccond transform

type is that a horizontal transform of the residual TU is DST-4 and a vertical

[\
941

transform of the residual TU is DCT-4;

transtorm mode QH3, which specifies that the TU partitioning mode of the CU 1s
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have
a size of (W/2)x(H/2), and the other TU of the 3TUs 1s in the top and has a size of
Wx(H/2), the position of the residual TU is bottom-right, and the transform type is
30 selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-4 and a vertical transform of the residual TU is BST-4; a second transform
type is that a horizontal transform of the residual TU i3 DUT4 and a vertical

transform of the residual TU s DCT-4;
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transform mode V0, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the lefi and have a
size of (W/Dyx(H/2), and the other TU of the 3TUs is in the right and has a size of

{(W/2y~H, the position of the residual TU s top-lefl, and the transform type is selected

o

from a transform type set; the transform type set includes two transform types,

wherein a first transform type s that a horizountal transform of the residual TU is

DCT-4 and a vertical transform of the residual TU is DCT-4; a second transform type

is that a horizontal transform of the residual TU is DST-4 and a vertical transtorm of

the residual TU is DST-4;

10 transform mode QV1, which specifics that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a
size of (W/2yx{(H/2), and the other TU of the 3TUs is in the left and has a size of
(W/2)=H, the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform

15 types, wherein a first transform type is that a horizontal transform of the residual TU
is BST-4 and a vertical transform of the residual TU s DCT-4; a second transform
type is that a horizontal transform of the residual TU s DCT-4 and a vertical
transform of the residual TU is DST-4;

transform mode QV2, which specifies that the TU partitioning mode of the CU i3

20 to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and have a

size of (W/Dyx(H/2), and the other TU of the 3TUs is in the right and has a size of

(W/2y<H, the position of the residual TU is bottom-left, and the transform type is

sclected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transtform of the residual TU
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is DCT-4 and a vertical transform of the residual TU is DST-4; a second transform
type is that a horizontal transform of the residual TU i3 DST-4 and a vertical
transform of the residual TU is DCT-4;

transform mode QV3, which specifics that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a
30 size of (W/2)x(H/2), and the other TU of the 3TUs is in the left and has a size of
{(W/72)=H, the position of the resideal TU is bottom-right, and the transform type is
sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-4 and a vertical transform of the residual TU is DST-4; a second transform
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type is that a horizontal transtorm of the residual TU is DCT-4 and a vertical
transform of the residual TU is DCT-4;
transtorm mode HQO, which specifies that the TU partitioning mode of the CU 1

to partition the CU inte 2 TUs, wherein a size of a top TU 1s smaller thao a size of a

o

bottom TU, the position of the residual TU is top, and the transform type is selected
from a transform type set; the transform type set includes two travsform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 or DCT-2, and a vertical transform of the residual TU 18 DCT-4; a second
transform type is that a horizontal transform of the residual TU s DCT-4 or DCT-2,
10 and a vertical transform of the residual TU is DST-4;
transform mode HQ1, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a bottom TU is smaller than a size of
a top TU, the position of the residual TU 1s botiom, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
15 wherein a first transform type is that a horizoutal transform of the residual TU is
DS8T-4 or DCT-2, and a vertical transform of the residual TU is DST-4; a second
transform type is that @ horizontal transform of the residual TU is DCT-4 or DCT-2
and a vertical transform ot the residual TU is DCT-4;
transform mode V0, which specifies that the TU partitioning mode of the CU i3
20 to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size of a
right TU, the position of the residual TU is lefl, and the transform type s selected
from a transform type set; the transform type set inclndes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU 1s

DCT-4 and a vertical transform of the residual TU is DST-4 or DCT-2; a second
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transform type is that a horizontal transform of the residual TU is DST-4, and a
vertical transform of the residual TU is DCT-4 or DCT-2;

transform mode VQ1, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a right TU is smaller than a size of a
jfeft TU, the position of the residaal TU is right, and the transform type is selected
30 from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 and a vertical transform of the residual TU s BST-4 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DCT-4 and a
vertical transform of the residual TU is DCT-4 or DCT-2;
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transform mode HHO, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a top TU 1s equal to a size of a
bottom TU, the position of the residual TU s top, and the transform type is sclected

from a transform type set; the transform type set inchudes two transform types,

o

wherein a first transform type is that a horizontal transform of the residual TU is

DS8T-4 or DCT-2, and a vertical transform of the residual TU is DCT-4; a second

transform type is that a horizontal transform of the residual TU is DCT-4 or DCT-2
and a vertical transform of the residual TU 1s DST-4;

transform mode HH1, which specifies that the TU partitioning mode of the CU is

10 to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a

bottom TU, the position of the residual TU is bottom, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is D8T-4 or DCT-2, and a vertical transform of the residual TU is DST-4; a second

15 transform type is that a horizontal transform of the residual TU s DCT-4 or DCT-2
and a vertical transform of the residual TU is DCT-4;

transtorm mode HH2, which specifies that the TU partitioning mode of the CU 1

to partition the CU into 3 TUs, wherein a size of a top TU is equal to a size of a

bottom TU, and the size of the top TU is less than a size of a center TU, the position

20 of the residual TU is center, and the transform type is selected from a transform type

set; the transform type set includes two transtorm types, wherein a first transform type

is that a horizontal transform of the residual TU is DST-4 and a vertical transform of

the residual TU is DCT-2; a second transform type is that a horizontal transform of the

residual TU 18 DCT-4 and a vertical transform of the residual TU s DCT-2; or
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wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 and a vertical transform of the residual TU is BST-1; a second transform type
is that a horizontal transtorm of the residual TU is DCT-4 and a vertical transform of
the residual TU is DST-1;

transform mode VHO, which specifies that the TU partitioning mode of the CU is
30 to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a right
TU, the position of the residual TU is left, and the transform type is sclected from a
transtorm type set; the transform type set includes two transform types, wherein a
first transform type is that a horizontal transform of the residual TU is DCT-4 and a

vertical transform of the residual TU 15 DST-4 or DCT-2; a second transform type is
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that a horizontal transform of the residual TU is DST-4 and a vertical transform of the
reswdual TU is DCT-4 or DCT-2;
transtorm mode VHI, which specifies that the TU partitioning mode of the CU 1

to partition the CU juto 2 TUs, wherein a size of a lefl TU is equal to a size of a right

o

TU, the position of the residual TU is right, and the transform type is selected from a

transtorm type set; the transform type set includes two transform types, wherein a first

transform type is that a horizontal transform of the residual TU is DST-4 and a

vertical transform of the residual TU is DST-4 or DCT-2; a second transform type is

that a horizontal transform of the residual TU is DCT-4 and a vertical transform of the
10 reswdual TU is DCT-4 or DCT-2; or

transform mode VH2Z transform mode HH2, which specifies that the TU

partitioning mode of the CU is to partition the CU into 3 TUs, wherein a size of a left

T 1s equal to a size of a right TU and the size of the left TU is less than a size of a

center TU, the position of the residual TU is center, and the transform type is selected

15 from a transform type set; the transform type set includes two travsform types,

wherein a first transform type is that a horizontal transform of the residual TU is

DCT-2 and a vertical transform of the residual TU 15 DST-4; a second transform type

is that a horizontal transtorm of the residual TU is DCT-2 and a vertical transform of

the residoal TU is DCT-4; or wherein first transform type is that a horizontal

20 transform of the residual TU is DST-1 and a vertical transform of the residual TU is

DST-4; a second transform type is that a horizontal transform of the residual TU is

DST-1 and a vertical transform of the residual T is DCT-4,
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12. The method according to any one of the preceding claims, wherein obtaining
the target transform mode of the residual TU comprises:

parsing the bitstream to obtain a mode index for indicating the target transtorm
mode of the residual TU; and

obtaining the target transform mode of the residual TU based on the mode index.
30 13. The method according to claim 12, wherein before parsing the bitstream to
obtain a mode index for indicating the target transform mode of the residual TU, the
method further comprising:

determining candidate target transform modes of the residual TU based on a size

of the CUI;
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wherein the parsing the bitstream to obtain a mode index for indicating the target
transtorm mode of the residual TU comprises:
parsing, based on the candidate target transform modes of the residual TU, the

bitstream to obtain a mode index for indicating the target transforrn mode of the

o

residual TU.

14. The method according to claimn 13, wherein the determining candidate target
transform modes of the residual TU based on a size of the CU comprises at least one
of the following:

when a width of the CU is in the range of [Th1 %2, Th3] and a height of the CU is
10 in the range of [Thix2, Th3], the candidate target transform modes comprise

transform mode (0, transform mode Q1 transform mode 2 and transform mode (33;

when a width of the CU is in the range of [Thl1 x4, Th3] and a height of the CU s
in the range of [Thi, Th2}, the candidate target transform modes comprise transform
mode VQU, transform mode VQ1 and transform mode VHZ;

15 when a width of the CU is in the range of [Thix2, Th2] and a height of the CU 13
in the range of [Thl, Th2}, the candidate target transform modes comprise transform
mode VHO and transtform mode VHI;

when a height of the CU is in the range of [Th1x4, Th3} and a width of the CU is
in the range of [Thl, Th2}, the candidate target transform modes comprise transform

20 mode HQU, transform mode HQ1 and transtform mode HHZ;

when a height of the CU is in the range of [Thix2, Th2} and a width of the CU is
in the range of [Thi, Th2}, the candidate target transform modes comprise transform
mode HHO and transform mode HH1I;

when a width of the CU is in the range of [Thix2, Th2] and a height of the CU 13
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in the range of [Thix2, ThZ}], the candidate target transform modes comprise mode
transform mode QO0, transform mode Q1, transform mode Q2 and transform mode Q3;
when a width of the CU is in the range of [Th1x4, ThZ] and a height of the CU is
in the range of [Thi, Th2], the candidate target transform modes comprise transform
mode VQU, transform mode V31 and transtorm mode VHZ;
30 when a width of the CU is in the range of [Th1»2, Th2] and a height of the CU 1s
in the range of [Thi, Th2}, the candidate target transform modes comprise transform
mode VHO and transform mode VHI;
when a height of the CU is in the range of [Th1 <4, Th2] and a width of the CU is
in the range of [Thi, Th2], the candidate target transform modes comprise transform
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mode HQOU, transform mode HQ1 and transform mode HHZ; or
when a height of the CU is in the range of [Th1 2, Th2} and a width of the CU 13
n the range of [Thl, Th2}, the candidate target transform modes comprise transform

mode HHO and transform mode HH1;

o

wherein Thl, Th2 and Th3 are pre-defined integer values.
15. The mwethod according to any one of the preceding claims, wherein obtaining
the target transform mode of the residual TU comprises:
parsing the bitstream to obtain a group index for indicating which mode group of
the target transform mode belongs to;
10 parsing the bitstream to obtain a mode index for indicating the target transform
mode in the mode group; and
obtaining the target transform mode based on the group index and the mode
ndex,
16. The method according to claim 15, wherein the target transform mode
15 belongs to any mode group as following:
a mode group comprises transform mode HHO, transtform mode HHI, transform
mode HH2, transform mode VHO, transform mode VHI and transform mode VH2Z;
a mode group comprises transform mode QOU, transform mode Q1, transform
mode 2, transform mode Q3, transform mode HQO, transform mode HQI, transform
20 mode VQO, and transform mode VQI;
a mode group comprises transform mode HHO, HHI, HHZ, VHO, VHI and VHZ;
a mode group comprises transform mode QO, transform mode Q1, transform
mode 2, transform mode Q3, transform mode HQO, transform mode HQI, transform

mode VQUO, and transform mode VQ1I;
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a mode group comprises transform mode QHO, transform mode QHI, transform
mode QH2, transform mode QH3, transform mode HQO, transform mode HQI,
transform mode V0, and transform mode V(Q1;

a mode group compriscs transform mode QVO, transtorm mode QV 1, transform
mode V2, transform mode QV3, transformy mode HQO, transform mode HQI,
30 transform mode VQOU, and transform mode VQ1;

a mode group comprises transform mode QO, transform mode Q1, transform
mode 2, transform mode Q3, transform mode HQO, transform mode HQI, transform
mode VOO, transform mode VI, transform mode HHO, transform mode HHI,

transform mode VHO and transform mode VHI;
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a mode group comprises transform mode QOU, transform mode Q1, transform
mode 2, transform mode Q3, transform mode HQO, transform mode HQI, transform
mode VQO, transform mode VQI, transform mode HHO, transform mode HHI,
transform moede HH2, transform mode VHO, transform mode VHI1 and transform

mode VH2;

o

a mode group comprises transform mode QHO, transform mode QHI, transform
mode (QH2, transform mode QH3, transform mode HQO, transform mode HQI,
transform mode VQ0, transform mode VQI, transform mode HHO, transform mode
HH1, transform mode HH2, transform mode VHO, transform mode VHI1 and

10 transtorm mode VHZ;

a mode group comprises transform mode HHO, transtform mode HHI, transform
mode VHO and transform mode VHI,;

a mode group comprises transform mode 0, transform mode 1, transform
mode Q2 and transform mode Q3; or

15 a mode group comprises transform mode HQO, transform mode HQI, transform
mode VQU, and transform mode VQ1I.

17. The method according to claim 15, wherein before parsing the bitstream to
obtain a group index for indicating which mode group of the target transform mode
belongs to, the method further comprising:

20 determining at least one candidate mode groups of the residual TU based on a
size of the CU;

wherein the parsing the bitstream to obtain a group index for indicating which
mode group of the target transtorm mode belongs to comprises:

parsing, based ou the at least one candidate mode groups of the residual TU, the
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bitstream to obtain a group index for indicating which mode group of the target
transform mode belongs to.

18. The method according to claim 17, wherein the determining at least one

candidate mode groups of the residual TU based on a size of the CU comprises at
ieast one of the following:
30 when a width of the CU is in the range of [Th1 2, Th3] and a height of the CU 1s
in the range of [Th1x2, Th3], the candidate mode groups comprise a mode group
comprises transform mode QO0, transform mode Q1. transform mode Q2 and
transform mode (33;

when a width of the CU is in the range of [Thl #4, Th3] and a height of the CU 1s
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in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode V0, transform mode VQ1 and transform mode VHZ;
when a width of the CU is in the range of [Th1»2, Th2] and a height of the CU 1s

in the range of {Thi, Th2], the candidate mode groups comprise a mode group

o

comprises transform mode VHO and transform mode VHI;
when a height of the CU is in the range of [Th1 x4, Th3} and a width of the CU 13
in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HQO, transform mode HQ1 and transform mode HHZ;
when a height of the CU is in the range of [ Th1x2, Th2} and a width of the CU is
10 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HHO and transform mode HH1;
when a width of the CU is in the range of [Th1»2, Th2] and a height of the CU s
in the range of [Thix2, Th2], the candidate mode groups comprise a wode group
comprises mode transform mode QO0, transform mode Q1, transform mode Q2 and
15 transform mode (3;
when a width of the CU is in the range of [ Thix4, Th2] and a height of the CU is
mn the range of [Thi, Th2], the candidate mode groups comprise a mode group
comprises transform mode VQO, transform mode VQ1 and transform mode VHZ;
when a width of the CU is in the range of [Thix2, Th2] and a height of the CU 13
20 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode VHO and transform mode VHI;
when a height of the CU is in the range of [ Th1x4, Th2} and a width of the CU is
in the range of [Thl, Th2], the candidate mode groups comprise a mode group

comprises transform mode HQO, transform mode HQ1 and transform mode HH2; or

[\
941

when a height of the CU is in the range of [ Th1x2, Th2] and a width of the CU is
in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HHO and transform mode HHI;

wherein Thl, Th2 and Th3 arc pre-defined integer values.

19. The method according to any one of the preceding claims, wherein before
30 obtaining the target transform mode of the residual TU, the method further
COMPriSing:

determining, based on the prediction information of the CU, whether to obtain
the target transform mode of the residual TU.

20. The method according to claim 19, wherein the determining, based on the
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prediction information of the CU, whether to obtaining the target transform mode of
the residual TU comprises at least one of the folowing:
when a prediction mode of the CU is infra prediction mode, determining to

obtain the target transform mode of the residual TU;

o

when a prediction mode of the CU is inter prediction mode, determining to
obtain the target transform mode of the residual TU;
when a prediction method of the CU is a preset positive prediction method,
determining to obtain the target transform mode of the residual TU; or
when a prediction method of the CU is a preset negative prediction method,
10 determining not to obtain the target transform mode of the residual TU,
21. The method according to clatm 20, wherein the preset positive prediction
method comprises at least one of the following:
a translation model based motion compensation method;
a Merge prediction method;
15 an advanced motion vector prediction method with 1/4-pel motion vector
difference precision; or
a Merge prediction method with a merge index smaller than 2.
22. The method according to claim 20 or 21, wherein the preset negative
prediction method comprises at least one of the following:
20 an affine model based motion compensation method;
an atfine merge prediction method;
an affine inter prediction mode;
an advanced motion vector prediction method with 1-pel or 4-pel motion vector

difference precision; or
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a Merge prediction method with a merge index not smaller than 2.

23. The method according to any one of the preceding claims, wherein before
obtaining the target transform mode of the residnal TU, the method further
comprising:

determining, based on a size of the CU, whether to obtain the target transform
30 mode of the residual TU.

24. The method according to claim 23, the determining, based on a size of the
CU, whether to obtain the target transform mode of the residual TU corprises at least
one of the following:

when a width or a height of the CU is greater than a preset CU threshold,

159



WO 2019/076206 PCT/CN2018/109361

determining not to obtain the target transform mode of the residual TU;
when a width or a height of a TU of the CU is less than a preset minimum TU
threshold, determining not to obtain the target transform mode of the residual TU; or

when a width or a height of a TU of the CU is greater than a preset maximum TU

o

threshold, determining not to obtain the target transform mode of the residnal TU.
25, A video decoder, comprising;
an entropy decoding unit, is configured to parse a received bitstream to obtain
prediction information of a coding unit (CU); obtain a target transform mode of a
residual transform unit (TU) when the residual TU is the only residual TU of the CU
10 and a size of the residual TU is less than a size of the CU, wherein the target
transformy mode specifies a TU partitioning mode of the CU, the position of the
residual TU, and a transform type set of the residual TU; and parse the recetved
bitstream to obtain transform cocfhicients of the residual TU;
wherein the entropy decoding unit is further configured to obtain a transform
15 type of'the residual TU from the transform type set;
an inverse quantization processing unit, is configured to apply an inverse
quantization to the transform cocfficients of the residual TU to obtain dequantized
coefficients;
an fnverse transform processing unit, is configured to apply, based on the
20 transform type of the residual TU or based on the TU partitioning mode of the CU, the
position of the residual TU and the transform type of the residual TU, an inverse
transform to the dequantized coefficients to obtain a residual block of the residual TU;
a prediction processing unit, 1S configured to obtain a prediction block of the CU

based on the prediction information;

25 a reconstruction unit, is configured to obtain a video block based on the residual
block and the prediction block; and
an output, is configured to ontput a video sequence, the video sequence including
a video frame that includes the video block.
30 26. The video decoder according to claim 25, wherein N transform modes

correspond to a transform type set, wherein the transform type set includes two or

more transform types or the transform type set includes one or more transform types.

27. The video decoder according to claim 26, wherein the transform type set of
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each transform mode inchides four transform types, as follows:

~r
/
i

transform type 11 a hortzontal transtorm of the resideal TU is DST-7 and a
vertical transform of the residual TU is DST-7, denoted as DST-7/DST-7;

transform type 2: a horizontal transform of the residual TU is DST-7 and a

o

vertical transform of the residual TU is DCT-8, denoted as DST-7/DCT-E;
transform typee 3: a horizoutal transform of the residual TU is DCT-R and a
vertical transform of the residual TU is DST-7, denoted as DCT-8/DST-7;
transtorm type 4: a horizontal transform of the residual TU 15 DCT-8 and a
vertical transform of the residual TU is DCT-8, denoted as DCT-8/DCT-R.
10
28. The video decoder according to claim 26, wherein the transform type set of
cach transform mode includes tour transform types, as follows:
transform type 1: a horizontal transform of the residual TU is DST4 and a
vertical transform of the residual TU is DST-4, denoted as DST-4/DST-4;
15 transform type 2: a hortzontal transtorm of the resideal TU is DST-4 and a
vertical transform of the resideal TU s BUT-4, denoted as DST-4/DCT-4;
transtorm typee 3: a horizontal transtorm of the residual TU is DCT-4 and a
vertical transform of the residual TU is DST-4, denoted as DCT-4/D8T-4;
transform type 4: a horizontal transform of the residual TU is DCT-4 and a

20 wvertical transform of the residual TU is DUT-4, denoted as BDCT-4/DCT-4.

29. The video decoder according to claim 25, wherein N transform modes
correspond to N transform type sets; wherein N >=1 and N is a positive integer;

wherein cach transform type set includes two or more transform types or each
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transform type set includes one or more transform types.

30. The video decoder according to any one of the preceding claims, if the
transtorm type set includes two or more transform types, for the obtaining a transform
type of the residual TU from the transform type set, the entropy decoding unit is

30 specifically configured for

selecting a transform type of the residual TU from the transform type set.

31. The video decoder according to any one of the preceding claims, wherein the

entropy decoding unit is further configured for parsing indication information from
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the bitstream, wherein the indication information indicates a transform type of the
residual TU; and
determining a transform type of the residual TU from the transform type set

based on the indication information parsed from the bitstream.

5
32. The video decoder according to any one of the preceding claims, wherein if
the transtorm type set of the residual TU includes a first transform type and a second
transform type, the second transform type is dependent from the first transform type;
or
10 it the transform type sct of the residual TU includes a first transform type and a

second transform type, the second transform type is independent from the first

transform type or the second transform type is a unified transform type.

33. The video decoder according to clatm 32, wherein the second transform type
15 is a onified transform type being a horizontal transform of the residual TU is DCT-2

and a vertical transform of the residual TU is DCT-2, denoted as DCT-2/DCT-2.

34. The video decoder according to any one of the preceding claims, wherein the

20 size of the CU is denoted by WxH; wherein the target transform mode of the residual
TU 1s one of the following modes:

transform mode Q0, which specifies that the TU partitioning mode of the CU is

to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU 1s

top-left, and the transform type is selected from a transform type set; the transform
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type set includes two transform types, wherein a first transform type is that a
horizontal transform of the residual TU is DCT-8 and a vertical transform of the
residual TU 15 DCT-8; a second transform type is that a horizontal transform of the
reswdual TU is DST-7 and a vertical transform of the residual TU s DST-7,

transform mode Q1, which specifies that the TU partitioning mode of the CU s
30 to partition the CU into 4 TUs of size (W/2)x(3/2), the position of the residual TU 1s
top-right, and the transform type is selected from a transform type set; the transform
type sct includes two transform types, wherein a first transform type is that a
horizontal transform of the residual TU is DST-7 and a vertical transform of the

residual TU is DCT-8; a second transform type is that a horizontal transforro of the

62



WO 2019/076206 PCT/CN2018/109361

residual TU is DCT-8 and a vertical transform of the residual TU is DST-7;
transform mode 2, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is

bottomw-left, and the transform type 8 sclected from a transform type set; the

o

transform type set includes two transform types, wherein a first transform type is that
a horizonial transform of the residual TU 8 DCT-8 and a vertical transform of the
residual TU is DST-7; a second transform type is that a horizontal transform of the
residual TU is DST-7 and a vertical transform of the residual TU 1s DCT-8;
transform mode Q3, which specifies that the TU partitioning mode of the CU is
10 to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU 18
bottome-right, and the transform type is seclected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU is DST-7 and a vertical transform of the
residual TU is DST-7; a second transform type is that a horizontal transform of the
15 residoal TU is DCT-8 and a vertical transform of the residual TU is DCT-§;
transform mode QHO, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a
size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a size of
Wx(H/2}, the position of the residual TU is top-left, and the transform type is selected
20 from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
D{T-8 and a vertical transform of the residual TU is DCT-8; a second transform type
is that a horizontal transform of the residual TU is DST-7 and a vertical transform of

the residual TU 1s DST-7;
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transform mode QHI, which specifies that the TU partitioning mode of the CU s
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a
size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a size of
Wx(H/2), the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
30 types, wheren a first transform type is that a horizontal transform of the residual TU
1s DST-7 and a vertical transform of the residual TU s DCT-8; a second transform
type is that a horizontal transform of the residual TU 15 DCT-8 and a vertical
transform of the residual TU is DST-7;

transtorm mode QH2, which specifies that the TU partitioning mode of the CU 1
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to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have
a size of (W/2)x(H/2), and the other TU of the 3TUs 1s in the top and has a size of
Wx{H/2), the position of the residual TU is bottom-left, and the transform type is

selected from a transform type set; the transform type set includes two transform

o

types, wherein a first transform type is that a horizontal transform of the residual TU
is BCT-8 and a vertical transform of the residual TU is DST-7; a second transform
type is that a horizontal transform of the residual TU is DST-7 and a wvertical
transform of the residual TU s DCT-8;
transform mode QH3, which specifies that the TU partitioning mode of the CU is
10 to partition the CU mto 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have
a size of (W/2)x(H/2), and the other TU of the 3TUs is in the top and has a size of
Wx{H/2), the position of the residual TU is bottom-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
15 is BST-7 and a vertical transform of the residual TU is DST-7; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical
transform of the residual TU s DCT-8;
transform mode V0, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the lefi and have a
20 size of (W/2)=(H/2), and the other TU of the 3TUs is in the right and has a size of
(W/2y<H, the position of the residual TU is top-lefl, and the transform type is selected
from a transform type set; the transform type set inclndes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU 1s

DCT-R8 and a vertical transform of the residual TU is DCT-R; a second transform type
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is that a horizontal transform of the residual TU is DST-7 and a vertical transform of
the residual TU is DST-7,

transform mode V1, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a
size of (W/2}x{H/2), and the other TU of the 3TUs is in the left and has a size of
30 (W/2)yx<H, the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is BST-7 and a vertical transform of the residual TU s DCT-8; a second transform
type is that a horizontal transform of the residual TU is DCT-8 and a vertical
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transform of the residual TU is DST-7;
transform mode QV2, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and have a

size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size of

o

(W/2)xH, the position of the residual TU is bottom-left, and the transform type is

selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is DCT-R and a vertical transform of the residual TU is DST-7; a second transform

type is that a horizontal transform of the residual TU is DST-7 and a vertical
10 transform of the residual TU is DCT-8;

transform mode QV3, which specifies that the TU partitioning mode of the CU is

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a

size of (W/2)x(H/2), and the other TU of the 3TUs is in the left and has a size of

(W/2)y<H, the position of the residual TU is bottom-right, and the transform type is

15 selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-7 and a vertical transform of the residual TU is DST-7; a second transform

type is that a horizontal transtorm of the residual TU is DCT-8 and a vertical
transtorm of the residual TU is DCT-8;

20 transform mode HQO, which specifies that the TU partitioning mode of the CU is

to partition the CU into 2 TUs, wherein a size of a top TU 18 smaller than a size of a

bottom TU, the position of the residnal T i3 top, and the transform type 18 selected

from a transform type set; the transform type set includes two transform types,

wherein a first transform type s that a horizountal transform of the residual TU is

[\
941

DST-7 or DCT-2, and a vertical transform of the residual TU is DCT-8; a second
transform type is that a horizontal transform of the residoal TU s DCT-8 or DCT-2,
and a vertical transform of the residual TU is DST-7;

transform mode HQ1, which specifics that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a bottom TU is smaller than a size of
30 atop TU, the position of the residual TU is bottom, and the transtorm type is sclected
from a transform type set; the transform type set inclndes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU 1s
DST-7 or DCT-2, and a vertical transform of the residual TU is DST-7; a second

transform type is that @ horizontal transform of the residual TU is DCT-8 or DCT-2
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and a vertical transform ot the residual TU is DCT-8;
transform mode V0, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size of a

right TU, the position of the residoal TU is lefi, and the transform type is selected

o

from a transform type set; the transform type set includes two transform types,

wherein a first transform type s that a horizountal transform of the residual TU is

DCT-8 and a vertical transtorm of the residual TU is DST-7 or DCT-2; a second

transform type is that a horizontal transform of the residual TU s DST-7, and a

vertical transform of the residual TU is DCT-8 or BCT-2;

10 transform mode V@1, which specifics that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a right TU is smaller than a size of a
ieft TU, the position of the residual TU is right, and the transform type is selected
from a transform type set; the transform type set inchudes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is

15 DST-7 and a vertical transforrma of the residual TU 1s DST-7 or DCT-2; a second
transform type is that a horizontal transform of the residual TU is DCT-8 and a
vertical transform of the residual TU is DCT-8 or DCT-2;

transform mode HHO, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a top TU 1s equal to a size of a

20 bottom TU, the position of the residual TU is top, and the transform type is selected

from a transform type set; the transform type set includes two transform types,

wherein a first transform type is that a horizontal transform of the residual TU is

DST-7 or DCT-2, and a vertical transform of the residual TU is DCT-8; a second

transform type is that a horizonial transform of the residual TU s DCT-8 or DCT-2
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and a vertical transform of the residual TU is DST-7;

transtorm mode HH1, which specifies that the TU partitioning mode of the CU 1s
to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, the position of the residual TU is bottom, and the transtorm type is
selected from a transform type set; the transform type set includes two transform
30 types, wheren a first transform type is that a horizontal transform of the residual TU
1s DST-7 or DCT-2, and a vertical transform of the residual TU s DST-7; a second
transtorm type is that a horizontal transform of the residual TU 1s DCT-8 or DCT-2
and a vertical transform of the residual TU is DCT-R;

transtorm mode HH2, which specifies that the TU partitioning mode of the CU 1
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to partition the CU into 3 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, and the size of the top TU is less than a size of a center TU, the position
of the residual TU is center, and the transform type is selected from a transform type

set; the transform type set includes two transforra types, wherein a first transform type

o

is that a horizontal transform of the residual TU is DST-7 and a vertical transform of
the residual TU 1s DCT-2; a second transform type is that a horizontal transform of the
residual TU is DCT-8 and a wvertical transform of the residual TU is DCT-2; or
wherein a first transform type is that a horizontal transform of the residual TU is
DST-7 and a vertical transform of the residual TU is BST-1; a second transform type
10 is that a horizontal transform of the residual TU is DCT-8 and a vertical transform of
the residual TU is D8T-1;
transform mode VHO, which specifies that the TU partitioning mode of the CU s
to partition the CU juto 2 TUs, wherein a size of a lefl TU is equal to a size of a right
TU, the position of the residual TU is left, and the transform type is selected from a
15 transform type set; the transform type set includes two transform types, wherein a
first transform type is that a horizontal transform of the residual TU is DCT-§ and a
vertical transform of the residual TU is DST-7 or DCT-2; a second transform type is
that a horizontal transform of the residual TU is DST-7 and a vertical transform of the
reswdual TU is DCT-8 or DCT-2;
20 transform mode VHI, which specifies that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a right
TU, the position of the residual TU is right, and the transform type is selected from a
transtorm type sct; the transform type sct includes two transform types, wherein a first

transform type is that a horizonial transform of the residual TU is DST-7 and a
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vertical transform of the residual TU is DST-7 or DCT-2; a second transform type is
that a hortzontal transform of the residual TU is DCT-8 and a vertical transform of the
residual TU is DCT-8 or DCT-2; or

transform mode VH2 transform mode HH2, which specifics that the TU
partitioning mode of the CU is to partition the CU into 3 TUs, wherein a size of a left
30 TU is equal to a size of a right TU and the size of the left TU 1is less than a size of a
center TU, the position of the residual TU is center, and the transform type is sclected
from a transform type setf; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is

DCT-2 and a vertical transform of the residual TU 15 DST-7; a second transform type
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is that a horizontal transform of the residual TU 1s DCT-2 and a vertical transform of
the residoal TU is DCT-8; or wherein first transform type is that a horizontal
transform of the residual TU is DST-1 and a vertical transtform of the residual TU 1s

DST-7; a second transform type is that a horizontal transform of the residual TU is

5 DST-1 and a vertical transform of the residual TU is DCT-8.
35. The video decoder according to any one of the preceding claims, wherein the
size of the CU is denoted by WxH; wherein the target transform mode of the residual
TU is one of the following modes:
10 transform mode 0, which specifies that the TU partitioning mode of the CU is

to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is

top-left, and the transform type is selected from a transform type set; the transform

type set includes two transforro types, wherein a first transform type is that a

15 residual TU s DCT-4; a second transform type is that a horizontal transform of the
residual TU is DST-4 and a vertical transform of the residual TU is DST-4;

transtorm mode Q1, which specifies that the TU partitioning mode of the CU 1

to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is

top-right, and the transform type 15 selected from a transform type set; the transform

20 type set includes two transform types, wherein a first transform type is that a

horizontal transform of the residual TU s DST-4 and a vertical transform of the

residual TU is DCT-4; a second transform type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transform of the residual TU is DST-4;

transform mode 2, which specifies that the TU partitioning mode of the CU i3
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to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU is
bottomw-left, and the transform type 8 sclected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
a horizontal transform of the residual TU 15 DCT-4 and a vertical transform of the
restdual TU is DST-4; a second transform type is that a horizontal transform of the
30 residual TU is DST-4 and a vertical transform of the residual TU 18 DCT-4;

transform mode Q3, which specifies that the TU partitioning mode of the CU is
to partition the CU into 4 TUs of size (W/2)x(H/2), the position of the residual TU 1s
bottome-right, and the transform type is seclected from a transform type set; the
transform type set includes two transform types, wherein a first transform type is that
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a horizontal transform of the residual TU is DST-4 and a vertical transtorm of the
residual TU is DST-4; a second transforro type is that a horizontal transform of the
residual TU is DCT-4 and a vertical transtorm of the residual TU s BDCT-4;

transtorm mode QHO, which specifies that the TU partitioning mode of the CU 1s

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a

o

size of (W/23x(H/2}, and the other TU of the 3TUs is i the bottom and has a size of
Wx(H/2), the position of the residual TU is top-left, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
10 DCT-4 and a vertical transform of the residual TU is DCT-4; a second transform type
is that a horizontal transform of the residual TU is DST-4 and a vertical transform of
the residual TU is DST-4;
transtorm mode QHI, which specifies that the TU partitioning mode of the CU 1s
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the top and have a
15 size of (W/2)x(H/2), and the other TU of the 3TUs is in the bottom and has a size of
Wx(H/2}), the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is B3ST-4 and a vertical transform of the residual TU 1s DCT-4; a second transform
20 type is that a horizontal transform of the residual TU s DCT-4 and a vertical
transform of the residual TU 1s DST-4;
transform mode QH2, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have

a size of (W/2)x(H/2), and the other TU of the 3TUs 1s in the top and has a size of
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Wx({H/2}, the position of the residual TU is bottom-left, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is BCT-4 and a vertical transform of the residual TU 15 DST-4; & second transform
type is that a horizontal transform of the residual TU is D8T-4 and a vertical
30 transform of the residual TU s DCT-4;

transform mode QH3, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the bottom and have
a size of (W/2)x(H/2), and the other TU of the 3TUs is in the top and has a size of
Wx(H/2), the position of the residual TU is bottom-right, and the transform type is
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selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transtform of the residual TU
is DST-4 and a vertical transform of the residual TU is DST-4; a second transform

type is that a horizontal transform of the residual TU is DCT-4 and a vertical

o

transform of the residual TU is DCT-4;
transform mode QVO, which specifies that the TU partitioning mode of the CU i3

to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and have a

size of (W/Dyx(H/2), and the other TU of the 3TUs is in the right and has a size of

{(W/72)=H, the position of the residual TU i3 top-left, and the transform type is selected

10 from a transform typc sect; the transform type sct includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DCT-4 and a vertical transform of the residual TU is DCT-4; a second transform type
is that a horizontal transform of the residual TU is DST-4 and a vertical transform of
the residual TU is DST-4;

15 transform mode QV1, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the right and have a
size of (W/2)x(H/2), and the other TU of the 3TUs is in the left and has a size of
(W/2y<H, the position of the residual TU is top-right, and the transform type is
selected from a transform type set; the transform type set includes two transform

20 types, wherein a first transform type is that a horizontal transform of the residual TU

is DST-4 and a vertical transform of the residual TU is DCT-4; a second transform

type is that a horizontal transform of the residual TU is DCT-4 and a vertical
transtorm of the residual TU is DST-4;

transform mode QV2, which specifies that the TU partitioning mode of the CU is
) p p 4
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to partition the CU into 3 TUs, wherein 2 TUs of the 3 TUs are in the left and have a
size of (W/2)x(H/2), and the other TU of the 3TUs is in the right and has a size of
(W/2)xH, the position of the residual TU is bottom-left, and the transform type is
sclected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
30 18 DCT-4 and a vertical transform of the residual TU is DST-4; a second transform
type is that a horizontal transform of the residual TU i3 DST-4 and a vertical
transform of the residual TU 1s DCT-4;

transform mode QV3, which specifies that the TU partitioning mode of the CU is
to partition the CU nto 3 TUs, wherein 2 TUs of the 3 TUs arc in the right and have a
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size of (W/2)»(H/2), and the other TU of the 3TUs is in the left and has a size of
{(W/2)xH, the position of the residual TU 18 bottom-right, and the transform type is
selected from a transform type set; the transform type set includes two transform

types, wherein a first transform type is that a horizontal transform of the residual TU

o

is DST-4 and a vertical transform of the residual TU is D8T-4; a sccond transform
type is that a horizontal transform of the residual TU is DCT4 and a vertical
transform of the residual TU is DCT-4;
transtorm mode HQO, which specifies that the TU partitioning mode of the CU 1
to pastition the CU into 2 TUs, wherein a size of a top TU is smaller than a size of a
10 bottom TU, the position of the residual TU is top, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 or DCT-2, and a vertical transform of the residual TU 18 DCT-4; a sccond
transform type is that a horizontal transform of the residual TU is DCT-4 or DCT-2,
15 and a vertical transform of the residual TU is DST-4;
transform mode HQ1, which specifies that the TU partitioning mode of the CU is
to partition the CU mnto 2 TUs, wherein a size of a bottom TU is smaller than a size of
a top TU, the position of the residual TU is bottom, and the transform type is selected
from a transform type set; the transform type set includes two travsform types,
20 wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 or DCT-2, and a vertical transform of the residual TU is DST-4; a second
transform type is that a horizontal transform of the residual TU is BCT4 or DUT-2
and a vertical transform of the residual TU is DCT-4;

transform mode V0, which specifies that the TU partitioning mode of the CU i3
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to partition the CU into 2 TUs, wherein a size of a left TU is smaller than a size of a
right TU, the position of the residual TU is left, and the transform type is selected
from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU 1s
DCT-4 and a vertical transform of the residual TH is DST-4 or DCT-2; a2 second
30 transform type is that a horizontal transform of the residual TU 15 DST-4, and a
vertical transform of the residual TU is DCT-4 or BUT-2;

transform mode V@1, which specifics that the TU partitioning mode of the CU is
to partition the CU into 2 TUs, wherein a size of a right TU is smaller than a size of a
feft TU, the position of the residual TU is right, and the transform type is selected
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from a transform type set; the transform type set includes two transform types,
wherein a first transform type s that a horizountal transform of the residual TU is
DST-4 and a vertical transform of the residual TU is DST-4 or DCT-2; a second

transform type is that a horizontal transform of the residual TU is DCT4 and a

o

vertical transform of the residual TU is DCT-4 or DCT-2;

transform mode HHO, which specifies that the TU partitioning mode of the CU i3
to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, the position of the residual TU s top, and the transform type is sclected
from a transform type set; the transform type set inclndes two transform types,
10 wherein a first transform type is that a horizontal transform of the residual TU 1s
DST-4 or DCT-2, and a vertical transform of the residual TU is DCT-4; a second
transform type is that a horizontal transform of the residual TU is DCT-4 or DCT-2

and a vertical transform of the residual TU is DST-4;
transform mode HH1, which specifies that the TU partitioning mode of the CU is
15 to partition the CU into 2 TUs, wherein a size of a top TU is equal to a size of a
bottom TU, the position of the residual TU is bottom, and the transform type is
selected from a transform type set; the transform type set includes two transform
types, wherein a first transform type is that a horizontal transform of the residual TU
is DST-4 or DCT-2, and a vertical transform of the residual TU 18 DRT-4; a second
20 transform type is that a horizontal transform of the residual TU s DCT-4 or DCT-2

and a vertical transform of the residual TU is DCT-4;
transform mode HH2, which specifies that the TU partitioning mode of the CU is
to partition the CU into 3 TUs, wherein a size of a top TU is equal to a size of a

bottom TU, and the size of the top TU is less than a size of a center TU, the position
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of the residual TU is center, and the transform type is selected from a transform type
set; the transform type set includes two transforra types, wherein a first transform type
is that a horizontal transform of the residual TU is DST-4 and a vertical transform of
the residual TU is DCT-2; a second transform type is that a horizontal transform of the
residual TU 18 DCT-4 and a vertical transtorm of the residual TU s DCT-2; or
30 wherein a first transform type is that a horizontal transform of the residual TU is
DST-4 and a vertical transform of the residual TU is BST-1; a second transform type
is that a horizontal transtorm of the residual TU is DCT-4 and a vertical transform of
the residual TU is D8T-1;

transtorm mode VHO, which specifies that the TU partitioning mode of the CU 1
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to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a right
TU, the position of the residual TU is lefl, and the travsform type is selected from a
transform type set; the transform type set includes two transform types, wherein a

first transform type is that a horizontal transform of the residoal TU 18 DCT4 and a

o

vertical transform of the residual TU is DST-4 or DCT-2; a second transtorm type is
that a horizontal transform of the residual TU 18 DST-4 and a vertical transform of the
residual TU is DCT-4 or DCT-2;

transtorm mode VHI, which specifies that the TU partitioning mode of the CU 1
to partition the CU into 2 TUs, wherein a size of a left TU is equal to a size of a right
10 TU, the position of the residual TU 1s right, and the transform type 1s sclected from a
transform type set; the transform type set includes two transform types, wherein a first
transform type is that a horizontal transform of the residual TU is DST-4 and a
vertical transform of the residual TU is DST-4 or DUT-2; a second transform type is
that a horizontal transform of the residual TU is DCT-4 and a vertical transform of the

15 reswdual TU s DCT-4 or BCT-2; or
transform mode VH2Z transform mode HH2, which specifies that the TU
partitioning mode of the CU is to partition the CU into 3 TUs, wherein a size of a left
TU is equal to a size of a right TU and the size of the left TU is less than a size of a
center TU, the position of the residaal TU is center, and the transform type s selected
20 from a transform type set; the transform type set includes two transform types,
wherein a first transform type is that a horizontal transform of the residual TU 1s
D{T-2 and a vertical transform of the residual TU s BST-4; a second transform type
is that a horizontal transtorm of the residual TU is DCT-2 and a vertical transform of

the residoal TU is DCT-4; or wherein first transform type is that a horizontal

25 transform of the residual TU is DST-1 and a vertical transform of the residual TU is
DST-4; a second transform type is that a horizontal transform of the residual TU is
DST-1 and a vertical transform of the residual TU is DCT-4.

30 36. The video decoder according to any onc of the preceding claims, wherein the

entropy decoding unit is further configured to parse the bitstream to obtain a mode
index for indicating the target transform mode of the residual TU; and obtain the
target transform mode of the residual TU based on the mode index.

37. The video decoder according to claim 36, wherein the entropy decoding unit,
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is further configured to determine candidate target transform modes of the residual
TU based on a size of the CU; and
parsing, based on the candidate target transform modes of the residual TU, the

bitstream to obtain a mode index for indicating the target transforrn mode of the

o

residual TU.

38. The video decoder according to claim 37, wherein the entropy decoding unit
is further configured to determine candidate target transform modes of the residual
TU according to at least onc of the folowing:

when a width of the CU is in the range of [Th1 %2, Th3] and a height of the CU is
10 in the range of [Thix2, Th3], the candidate target transform modes comprise

transform mode (0, transform mode Q1 transform mode 2 and transform mode (33;

when a width of the CU is in the range of [Thl1 x4, Th3] and a height of the CU s
in the range of [Thi, Th2}, the candidate target transform modes comprise transform
mode VQU, transform mode VQ1 and transform mode VHZ;

15 when a width of the CU is in the range of [Thix2, Th2] and a height of the CU 13
in the range of [Thl, Th2}, the candidate target transform modes comprise transform
mode VHO and transtform mode VHI;

when a height of the CU is in the range of [Th1x4, Th3} and a width of the CU is
in the range of [Thl, Th2}, the candidate target transform modes comprise transform

20 mode HQU, transform mode HQ1 and transtform mode HHZ;

when a height of the CU is in the range of [Thix2, Th2} and a width of the CU is
in the range of [Thi, Th2], the candidate target transform modes comprise transform
mode HHO and transform mode HH1I;

when a width of the CU is in the range of [Thix2, Th2] and a height of the CU 13

[\
941

in the range of [Thix2, ThZ}], the candidate target transform modes comprise mode
transform mode QO0, transform mode Q1, transform mode Q2 and transform mode Q3;
when a width of the CU is in the range of [Th1x4, ThZ] and a height of the CU is
in the range of [Thi, Th2], the candidate target transform modes comprise transform
mode VQU, transform mode V31 and transtorm mode VHZ;
30 when a width of the CU is in the range of [Th1»2, Th2] and a height of the CU 1s
in the range of [Thi, Th2}, the candidate target transform modes comprise transform
mode VHO and transform mode VHI;
when a height of the CU is in the range of [Th1 <4, Th2] and a width of the CU is
in the range of [Thi, Th2], the candidate target transform modes comprise transform
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mode HQOU, transform mode HQ1 and transform mode HHZ; or
when a height of the CU is in the range of [Th1 2, Th2} and a width of the CU 13
n the range of [Thl, Th2}, the candidate target transform modes comprise transform

mode HHO and transform mode HH1;

o

wherein Thl, Th2 and Th3 are pre-defined integer values.

39. The video decoder according to any one of the preceding claims, wherein the
entropy decoding unit is further configured to parse the bitstream to obtain a group
index for indicating which mode group of the target transform mode belongs to; and
parse the bitstream to obtain a mode index for indicating the target transform mode in
10 the mode group; and

obtain the target transform mode based on the group index and the mode index.

40. The video decoder according to claim 39, wherein the target transform moode
belongs to any mode group as following:

a mode group comprises transform mode HHO, transform mode HH1, transform

15 mode HH2, transform mode VHO, transform mode VHI and transform mode VHZ;

a mode group comprises transform mode Q0, transform mode Q1, transform
mode Q2, transform mode Q3, {ransform mode HQQO, transform mode HQ1, transform
mode VU, and transform mode VQI;

a mode group comprises transform mode HHO, HHI, HH2, VHO, VHI and VHZ;

20 a mode group comprises transform mode QO, transform mode Q1, transform
mode Q2, transform mode Q3, transform mode HQQO, transform mode HQ1, transform
mode V30, and transform mode V31,

a mode group compriscs transform mode QHO, transtorm mode QHI, transform

mode QH2, transform mode QH3, transform mode HQO, transform mode HQI,

[\
941

transform mode VQO, and transform mode VQI;

a mode group comprises transforr mode QVO, transform mode QVI, transform
mode QV2, transform meode QV3, transform mode HQO, transform mode HQI,
transform mode V0, and transform mode VQ1;

a mode group comprises transform mode Q0, transform mode Q1, transform
30 mode Q2, transform mode Q3, {ransform mode HQO, transform mode HQ1, transform
mode VO, transform mode VQI, transform mode HHO, transform mode HHI,
transform mode VHO and transform mode VHI;

a mode group comprises transform mode Q0, transform mode Q1, transform

mode Q2, transform mode Q3, {ransform mode HQQO, transform mode HQ1, transform
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mode VQO, transform mode V@1, transform mode HHO, transform mode HHI,
transform mode HH2, transform mode VHO, transform mode VHI and transform
mode VHZ;

a mode group comprises transforrn mode QHO, transform mode QHI, transform

o

mode QH2, transform mode QH3, transform mode HQO, transform mode HQI,
transform mode VQO, transform mode V1, transform mode HHO, transform mode
HH1, transform mode HH2, transform mode VHO, transform mode VH1 and
transform mode VH2Z;
a mode group comprises transform mode HHEO, transform mode HHI, transform
10 mode VHO and transform mode VHI;
a mode group comprises transform mode Q0, transform mode Q1, transform
mode Q2 and transform mode Q3; or
a mode group comprises transforrn mode HQO, transform mode HQ, transform
mode VU, and transform mode VQI,
15 41. The video decoder according to claim 39, wherein the entropy decoding unit
is further configured to determine at least one candidate mode groups of the residual
TU based on a size of the CU; and
parse, based on the at least one candidate mode groups of the residual TU, the
bitstrearn to obtain a group index for indicating which mode group of the target
20 transform mode belongs to.
42. The video decoder according to claim 41, wherein the entropy decoding unit
is further configured to determine at least one candidate mode groups according to at
lcast one of the following:

when a width of the CU is in the range of [Thix2, Th3] and a height of the CU i3

[\
941

in the range of [Th1x2, Th3], the candidate mode groups comprise a mode group
comprises transform mode (0, transform mode QI, transform mode Q2 and
transtorm mode Q3;

when a width of the CU 1s in the range of [Thix4, Th3] and a height of the CU is
in the range of [Thl, Th2], the candidate mode groups comprise a mode group
30 comprises transform mode VQO, transform mode VQ1 and transform mode VHZ;

when a width of the CU is in the range of [Th1x2, Th2] and a height of the CU is
in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode VHO and transform mode VHI,

when a height of the CU is in the range of [Thix4, Th3] and a width of the CU s

176



WO 2019/076206 PCT/CN2018/109361

in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HQO, transform mode HQ1 and transform mode HHZ;
when a height of the CU is in the range of [Thix2, Th2} and a width of the CU is

in the range of {Thi, Th2], the candidate mode groups comprise a mode group

o

comprises transform mode HHO and transform mode HHI;

when a width of the CU is in the range of [Thix2, Th2] and a height of the CU 13
in the range of [Th1x2, Th2], the candidate mode groups comprise a mode group
comprises mode transform mode QO0, transform mode (1, transform mode Q2 and
transform mode Q3;

10 when a width of the CU 1s in the range of [Thix4, Th2] and a height of the CU is
in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode VQO, transform mode V1 and transform mode VHZ;

when a width of the CU is in the range of [Th1x2, Th2] and a height of the CU 1s
in the range of [Thl, Th2], the candidate mode groups comprise a mode group

15 comprises transform mode VHO and transform mode VHI;

when a height of the CU is in the range of [Th1 <4, Th2] and a width of the CU is
mn the range of [Thi, Th2], the candidate mode groups comprise a mode group
comprises transform mode HQO, transform mode HQ1 and transform mode HH2; or
when a height of the CU is in the range of [Th1 2, Th2} and a width of the CU 13
20 in the range of [Thl, Th2], the candidate mode groups comprise a mode group
comprises transform mode HHO and transform mode HHI;
wherein Thl, Th2 and Th3 are pre-defined integer values.
43. The video decoder according to any one of the preceding claims, wherein the

entropy decoding unit, s further configured to determine, based on the prediction

25 information of the CU, whether fo obtain the target transform meode of the residual
TU.

44. The video decoder according to claim 43, wherein the entropy decoding unit,
is further configured to determine whether to obtaining the target transform mode of
the residual TU according to at Jeast one of the following:

30 when a prediction mode of the CU is intra prediction mode, determine to obtain

the target transform mode of the residual TU;

when a prediction mode of the CU is inter prediction mode, determine to obtain
the target transform mode of the residual TU;

when a prediction method of the CU 15 a preset positive prediction method,
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determine to obtain the target transform mode of the residual TU; or
when a prediction method of the CU is a preset negative prediction method,
determine not to obtain the target transform mode of the residual TU.

45, The video decoder according to claim 44, wherein the preset positive

o

prediction method comprises at least one of the following:
a translation model based motion compensation method;
a Merge prediction method;
an advanced motion vector prediction method with 1/4-pel motion vector
difference precision; or
10 a Merge prediction method with a merge index smaller than 2.
46. The video decoder according to any one of the preceding claims, wherein the
preset negative prediction method comprises at least one of the following:
an affine model based motion corpensation method;
an affine merge prediction method;
15 an affine inter prediction mode;
an advanced motion vector prediction method with 1-pel or 4-pel motion vector
difference precision; or
a Merge prediction method with a merge index not smaller than 2.
47. The video decoder according to any one of the preceding claims, wherein the
20 entropy decoding unit, is further configured to determine, based on a size of the CU,
whether to obtain the target transform mode of the residual TU.
48. The video decoder according to claim 47, the entropy decoding unit, is
further configured to determine whether to obtain the target transform mode of the

residoal TU according (o at least one of the following:

[\
941

when a width or a height of the CU is greater than a preset CU threshold,
determining not to obtain the target transform mode of the residual TU;

when a width or a height of a TU of the CU is less than a preset minipyum TU
threshold, determining not to obtain the target transtorm mode of the residual TU; or

when a width or a height of a TU of the CU i3 greater than a preset maxinum TU
30 threshold, determining not to obtain the target transform mode of the residual TU.

49. A decoder comprising processing circuitry for carrying out the method
according to any onc of claims 1 to 24,

50. A computer program product comprising a program code for performing the
method according to any one of claims 1 to 24.
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51. A decoder, comprising:

one or more processors; and

a non-transitory computer-readable storage medium coupled to the processors
and storing programuning for execution by the processors, wherein the programming,
when executed by the processors, configures the decoder to carry out the method

according to any oue of claims 1 to 24,
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