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ABSTRACT

AVS3 is an emerging video coding standard, and screen con-
tent coding is a very important feature of AVS3. This pa-
per presents a method of Implicit-Selected Transform Skip
(ISTS) to further improve the screen content coding perfor-
mance. With ISTS, transform skip mode is introduced as an
optional substitution to transform-coding on residual signals
of blocks with intra-prediction. The indication of whether to
apply transform skip is hidden into the Parity of the Number
of Non-zero Coefficients (PNNC) of a residual block, instead
of being signaled to the decoder. Moreover, the coefficients
of an intra-coded block are reordered to make the coefficients
more compact. Experimental results show that the proposed
method can achieve 12.04%, 8.15% and 10.19% BD-rate sav-
ings on average under All Intra (AI), Low Delay (LD) and
Random Access (RA) configurations, respectively, with the
encoding time reduced by 5% to 8%. ISTS has been adopted
into AVS3.

Index Terms— AVS3, transform skip, implicit, reorder-
ing

1. INTRODUCTION

During the past year, home-office has greatly stimulated the
development of the online video containing screen contents.
Screen contents are captured from various terminal devices
such as computers or cellphones, which are significantly dif-
ferent from natural contents with high-noise, continuous tone
and complex textures. Screen contents usually contain vari-
ous computer-generated regular patterns, such as text, com-
puter graphics, and cartoons with low-noise, discrete tone,
fine lines and sharp edges. In the previous video coding stan-
dard High Efficient Video Coding (HEVC) [1], Screen Con-
tent Coding (SCC) is a very important extension [2]. Several
techniques are proposed in HEVC-SCC to improve the perfor-
mance of the particular application of screen content video.

AVS3 [3] is a new generation video coding standard de-
veloped by the Audio Video Coding Standard Working Group

of China, which formed the main part of IEEE 1857 WG. Sev-
eral coding tools are introduced in AVS3 to improve the per-
formance on the SCC. Intra Block Copy (IBC) [4] performs
block-based motion compensation in a part of the reconstruc-
tion region of the current frame to find a prediction block
of the current block. Frequency-based Intra Mode Coding
(FIMC) [5] redesigns the intra mode coding method based on
both short-range and long-range correlations. A frequency ta-
ble is maintained to record the intra mode occurrence among
the coded blocks. The top two intra modes in the table can be
selected as the most probable mode candidates. String Pre-
diction (SP) [6] divides a Coding Unit (CU) into multiple
strings to take advantage of matching patterns with diverse
sizes, shapes and positions in the reconstruction region. Most
of the SCC-related coding tools in AVS3 try to improve the
prediction quality.

On the other hand, the residuals generated from screen
contents are usually different from those generated from nat-
ural contents, the transform methods in AVS3 may not adapt
well to the screen content residuals. To address the prob-
lem, we proposed a method of Implicit Selected Transform
Skip (ISTS) to improve the residual coding in AVS3 for SCC.
With ISTS, transform skip mode is introduced in intra-coded
residual coding as an optional substitution to Discrete Cosine
Transform type-II (DCT-II). Moreover, based on the distribu-
tion of intra residuals of screen contents, a new reordering
method is proposed for the coefficients of intra-coded blocks
to make the coefficients more compact. Experimental results
show that the proposed method can achieve BD-rate savings
of 12.04%, 8.15% and 10.19% on average under AI, LD and
RA configurations, respectively. As no matrix multiplication
is performed in the transform skip method, the encoding time
is reduced by 5% to 8% compared to the anchor. ISTS has
been adopted into AVS3.

The rest of the paper is organized as follows. In section 2,
we review prior-arts on transform and transform-skip briefly,
especially transforms in AVS3. Then ISTS is proposed in
section 3. In section 4, experimental results are shown and
discussed to verify the efficiency of ISTS. Finally, section 5
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concludes the whole paper.

2. TRANSFORM AND TRANSFORM SKIP

2.1. transform skip in prior-arts

Transform skip method can effectively improve the SCC per-
formance since the frequency decomposition method as DCT
cannot provide effective energy compaction. In [7], the trans-
form skip method is proposed for inter-coded blocks, and
it can be performed to skip the horizontal or vertical trans-
form separately. The transform skip types are signaled explic-
itly. In [8], it shows the excellent coding performance when
the transform skip method is applied for intra-coded blocks
to skip 2-D transforms. Reverse scanning method [9] [10]
change the coefficients scanning order, reverse scanning or-
der is more adaptive to the coefficient coding of intra-coded
blocks. Mirroring reordering [11] is a method similar to the
Reverse scanning method, that the new scanning order is mir-
rored from the previous order. Moreover, the mode-dependent
reordering method [12] is proposed to improve the coding
performance as well.

2.2. Transforms in AVS3

Two efficient transform methods have been adopted in AVS3,
known as Implicit Selected Transform (IST) [13], and En-
hanced Secondary Transform (EST). In IST, to address the
problem that DCT-II is not always optimal in intra residual
coding, DST-VII is introduced as an additional transform can-
didate for transform coding. Furthermore, the transform type
is implicit in the Parity of the Number of Non-zero Coeffi-
cients (PNNC), therefore no overhead bits need to be trans-
mitted to the decoder. The mode-dependent secondary trans-
form in AVS3 is applied to the low-frequency coefficients of
DCT-II to further concentrate the energy. However, the mode-
dependent method is not always optimal, the EST method ex-
tends the use of secondary transform, where it is determined
by encoder whether to apply the horizontal and vertical sec-
ondary transform.

Although IST and EST methods achieve desirable cod-
ing performance on natural sequences, their performance on
screen content sequences is still limited since the distributions
of intra residuals are obviously different on sequences with
natural contents and screen contents. DCT-II and DST-VII
are designed to concentrate the energy of residuals gener-
ated from natural contents. For residuals with strong high-
frequency signals generated from screen contents, block
based separable transforms are no longer optimal to concen-
trate the energy of residuals. To adapt to the characteristics
of intra residuals generated from screen contents, we propose
the ISTS to improve the transform coding in AVS3 SCC. Un-
like transform skip methods in prior-arts with a flag signaled
explicitly, ISTS hide the information of whether to apply
transform skip or not.

Table 1. Transform Types indication
Transform Type PNNC Horizontal Vertical

I even DCT-II DCT-II
II odd TS TS

3. IMPLICIT SELECTED TRANSFORM SKIP

3.1. Implicit selected transform skip method

Considering the excellent performance of the transform skip
method, we introduce it into AVS3 as a new transform candi-
date. The fundamental operation of transform skip mode for
a coefficient value denote as C(x,y) at the coordinate (x,y) is
shown as following,

R(x, y) = (C(x, y) + Fr) >> Sts, (1)

where R(x,y) indicates the value of reconstruction residual
pixel at the coordinate (x,y). Sts indicates the shift value of
transform skip, Fr indicates the rounding factor in the shift
operation. Furthermore, Sts can be written as follows,

Sts = 15−Dbit − ((logW + logH) >> 1), (2)

where Dbit indicates the bit depth of the current sequence, for
example, Dbit of 8 bits sequence is 8. logW and logH indi-
cates the logarithm width and logarithm height, respectively.
Fr can be written as following,

Fr = (Sts − 1) << 1. (3)

The coding results of the adopted IST method show that
the coefficient-dependent method in IST is more effective
than the explicit signaling method, as it does not impose any
overhead bits. Based on the same idea, we proposed an Im-
plicit Selected Transform Skip method following the design
of IST. In the method, the transform type does not need to be
signaled explicitly, and it is implicit in the Parity of Number
of Non-zero Coefficients (PNNC). As shown in Table 1, an
odd number indicates transform skip (TS) is applied, while an
even number indicates DCT-II is applied. Moreover, the en-
coder performs the same RDO-based coefficient adjustment
process as IST to match the PNNC of the current coefficient
block with the selected transform type.

Since PNNC can only distinguish two different transform
modes, DST-VII and TS can only keep one of them when
DCT-II exists. To address the problem, we use a frame level
adaptive method to make DST-VII and TS play their roles as
much as possible. A hash-based method is performed to dif-
ferentiate screen scenes and natural content. The hash value
of each block is calculated in the frame pre-processing, and
the current frame type can be easily identified by comparing
the hash value of all blocks in the frame. Then, one frame
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Fig. 1. The distribution of non-zero coefficients of an intra-
coded block with transform (left) or with transform skip
(right).
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Fig. 2. Windmill-shaped reordering process.

level flag will be coded to indicate whether the current frame
is a screen scene or natural content. The TS mode will be
applied when the current frame is screen content, while the
DST-VII will be applied as the current frame is natural con-
tent.

3.2. Windmill-shaped reordering method

ISTS improve the SCC performance for AVS3, however, there
still exists some redundancy. The current scanning order of
coefficients coding is based on the transform method. The
energy is concentrated in the top-left part of the block after
the transform, but a block that performed the TS method pos-
sesses no such properties. Especially for the residual block
of intra coding, the spatial residual energy is mostly concen-
trated in the lower or right part of the current block, as shown
in Fig.1. If the TS method and current scan order are used,
a large number of zero coefficients may appear and cause the
corresponding unnecessary bit-rates increasing.

To address this problem, we propose a Windmill-shaped
Reordering (WR) method to improve the performance of the
ISTS method. When the WR process is enabled, the residues
of intra-coded blocks with transform skip are reordered before
scaling. The basic operation is reversing. After the reversing,
a coefficient value denote as C(x,y) at the coordinate (x,y) is
derived as

C(x, y) = C ′(W − 1− x,H − 1− y), (4)

where the C’ represents a coefficient value before reordering,
and W and H denote the width and height of the current block,

Table 2. Coding Performance under AI configuration

Set Sequence BD-Rate
Y U V

TGM

flyingG -8.58% -2.92% -3.17%
desktop -13.20% -9.42% -9.54%
console -6.56% -3.72% -4.07%

ChineseDE -15.12% -9.45% -10.24%
EnglishDE -14.72% -8.74% -9.23%
Spreadsheet -14.77% -9.39% -9.66%
BitstreamA -13.65% -7.45% -7.41%
CircuitLP -4.58% -1.97% -1.77%
Program -15.55% -7.78% -7.89%
Web en -12.34% -5.52% -5.65%

Word excel -13.33% -8.00% -8.11%
All -12.04% -6.76% -6.97%

MC Program vid -8.94% -5.73% -5.50%
G AOfV 0.00% 0.00% 0.00%

CC BQTerrace 0.00% 0.00% 0.00%

respectively. In the proposed method, not all coefficients will
do the reversing operations. There are exceptions at (W/2-
1, H/2) and (W/2, H/2-1), for the two position value remains
the value before reordering. The coefficient value C(x,y) is
derived as

C(x, y) = C ′(x, y). (5)

As the reordering process of reversed part and fixpoints
is similar to a windmill as shown in Fig.2, so we called the
reordering method Windmill-shaped Reordering.

4. EXPERIMENTAL RESULTS

To verify the efficiency of our method fairly, we implemented
the proposed method in HPM-8.0 and tested it under the SCC
Common Test Condition [14]. Four sets of video sequences
are selected to represent the most common screen content
video, they are Test and Graphics with Motion (TGM), Mixed
Content (MC), Gaming content (G) and Camera Captured
video (CC).

The performance of the proposed method is shown in
Table 2, Table 3 and Table 4. The experimental results ver-
ify that the proposed method is efficient to improve SCC
performance. The proposed method can achieve 12.04%,
8.15% and 10.19% BD-rate savings on average under AI, LD
and RA configurations, respectively. On sequences with rich
computer-generated patterns included, such as ChineseDE,
EnglishDE, Spreadsheet, Program and Word excel, the cod-
ing gains are even higher.

The encoding and decoding complexities are calculated as
follows,
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Table 3. Coding Performance under LD configuration

Set Sequence BD-Rate
Y U V

TGM

flyingG -1.97% -0.28% -0.48%
desktop -7.11% -4.04% -3.92%
console -3.02% -1.46% -1.53%

ChineseDE -12.59% -7.47% -8.11%
EnglishDE -13.75% -8.04% -8.68%
Spreadsheet -13.91% -8.18% -8.28%
BitstreamA -8.70% -6.18% -6.20%
CircuitLP -0.20% 1.35% 1.73%
Program -10.18% -5.93% -6.28%
Web en -7.35% -3.62% -3.56%

Word excel -10.83% -5.78% -5.96%
All -8.15% -4.51% -4.66%

MC Program vid -8.73% -5.07% -5.12%
G AOfV 0.00% 0.00% 0.00%

CC BQTerrace 0.00% 0.00% 0.00%

Table 4. Coding Performance under RA configuration

Set Sequence BD-Rate
Y U V

TGM

flyingG -3.25% -0.65% -0.94%
desktop -8.13% -5.28% -5.49%
console -4.14% -1.39% -1.64%

ChineseDE -13.08% -8.18% -8.37%
EnglishDE -15.58% -8.59% -9.19%
Spreadsheet -15.88% -8.94% -9.47%
BitstreamA -13.16% -6.69% -6.77%
CircuitLP -4.00% -0.91% -1.07%
Program -13.17% -7.54% -7.64%
Web en -9.28% -3.96% -4.10%

Word excel -12.38% -7.20% -7.16%
All -10.19% -5.39% -5.62%

MC Program vid -7.09% -4.08% -4.54%
G AOfV 0.00% 0.00% 0.00%

CC BQTerrace 0.00% 0.00% 0.00%

Table 5. Temporal complexity under AI, LD and RA config-
urations

Set Complexity Configuration
AI LD RA

TGM
Tenc 94% 94% 94%
Tdec 100% 100% 100%

MC
Tenc 92% 95% 95%
Tdec 100% 100% 100%

G
Tenc 100% 100% 100%
Tdec 100% 100% 100%

CC
Tenc 100% 100% 100%
Tdec 100% 100% 100%

Tenc =
Tenc,pro

Tenc,anc
× 100%,

Tdec =
Tdec,pro

Tdec,anc
× 100%,

(6)

where Tenc,pro and Tenc,anc denote the total elapsed encoding
time with the proposed IST and the original anchor, respec-
tively. Tdec,pro and Tdec,anc denote the decoding time of the
proposed method and anchor, respectively. The encoding and
decoding time of the TGM and MC sets is reduced because no
matrix multiplication is performed during the transform skip
process selected in ISTS. However, since the transform skip
method is not selected, the encoding and decoding time of G
and CC sets do not change.

5. CONCLUSION

In this paper, we propose a novel ISTS method. Transform
skip method is involved as a new transform candidate. Espe-
cially, the parity of non-zero coefficients is utilized to indicate
the transform types, so there are no overheads bits. Moreover,
the scanning order of intra-coded blocks is modified. The ex-
perimental results show that the proposed ISTS method can
achieve 12.04%, 8.15% and 10.19% BD-Rate savings on av-
erage for AI, LD and RA configurations, respectively. ISTS
has been adopted into AVS3.
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