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Abstract—AVS2 is the latest generation of video coding 
standard independently developed by China. Compared with 
the most popular international standard HEVC/H.265, AVS2 
achieves the same level of compression efficiency, which doubled 
in compression efficiency compared to the previous generation 
coding standard AVC/H.264 or AVS. However, the increased 
compression efficiency is accompanied by a significant increase 
in coding complexity. In order to improve the coding speed, this 
paper proposes a fast intra mode decision algorithm based on 
texture information and neighbor spatial-temporal information. 
Firstly, the Sobel operator to obtain the gradient information of 
the current PU (Prediction Unit) is utilized to determine 
available candidate intra predicted modes. Furthermore, the 
predicted candidate modes are updated by the most probable 
modes (MPMs) obtained from the neighbor spatial-temporal 
correlation encoded blocks. Experimental results are 
implemented on RD17.0, and about 36.03% encoding time is 
reduced on average with negligible coding performance loss. 

Keywords-AVS2; intra prediction; spatial-temporal MPM; 
texture information; Sobel operator. 

I.  INTRODUCTION 

As the latest generation of audio and video coding 
standards developed by the Audio Video Coding Standard 
(AVS) Working Group of China, AVS2 consists of audio and 
video data. Compared with the previous generation coding 
standard H.264/AVC [1] or AVS [2], AVS2 has more than 
doubled coding efficiency under the same reconstructed video 
quality, which achieves the same level of performance as 
H.265/HEVC [3]. Especially in the compression efficiency of 
the scene-like video (such as surveillance videos), AVS2 has 
doubled compression efficiency than HEVC and 4 times 
compression efficiency than H.264/AVC. 

Compared with the previous generation of encoders, 
AVS2 has made major adjustments in types of frame, coding 
structure, intra and inter prediction techniques and so on. The 
AVS2 frame types introduce the F frame type (a bidirectional 
forward reference frame) in addition to the I frame type, the B 
frame type and the P frame type. Similar to H.265/HEVC 
standard, AVS2 adopts block-based coding, prediction and 
transform coding techniques with the quad-tree partition  

structure. With the quad-tree method the largest coding 
unit (LCU) can be recursively split into four equal-sized 
smaller CUs (Coding Units) until the CU size is equal to the 
smallest coding unit. To achieve the best prediction unit (PU) 

for each CU, one PU can be further split into smaller units 
with square or non-square shapes. The partition structures of 
different CUs and PUs are shown in Fig. 1. In conventional 
video coding process, the final optional prediction and 
transform modes for each CU mainly depends on rate 
distortion optimization (RDO) decision procedure. Namely all 
of kind’s CU depth and PU partition modes are required to 
traverse the RDO to determine the optimal coding results least 
with the minimum rate distortion cost. The I frame is used as 
the first and key frame of the video sequence, which is 
referenced by other type frames, which has great significance 
for coding efficiency and coding quality. However, there are 
up to 33 available prediction modes in intra coding for AVS2 
and 9 candidate prediction modes are selected to RDO for all 
PUs with size from 4x4 to 64x64. Obliviously, the intra coding 
complexity is too large for application.  
 

 
Figure 1. CU and PU partitions in AVS2 

 
In order to reduce the computational complexity of intra 

coding in AVS2, quality ensured fast algorithms are 
researched recently. Several algorithms are proposed to 
reduce the complexity of intra coding, which focus on the CU 
partition or luminance prediction mode decision. In this paper, 
we mainly focus on the prediction modes reduction. Specially, 
for one certain PU, efficient fast intra prediction modes 
decision algorithm will help to save the time to choose the best 
mode for it. A fast rough mode decision method based on edge 
detection for intra coding is introduced by one histogram 
mapping method to achieve the computation time reduction 
[4]. Lu etc. [5] has presented a simple approach to reduce the 
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number of candidate prediction modes to no more than 6 for
AVS2 all intra configuration. A fast algorithm is proposed to 
adaptively reduce the number of candidate intra mode for
RDO by utilizing the mode activity defined by analyzed the 
rough costs of all modes [6]. Even though these methods can 
improve compression efficiency, only spatial features are 
taken into account for estimate candidate prediction modes 
without necessary temporary considerations, and they only 
validate their performance within all the intra circumstance.

This paper proposes a novel fast algorithm of intra mode 
decision which optimizes rough mode decision (RMD) and 
RDO respectively. For the RMD process, the texture 
information of the image is obtained by the Sobel operator, 
and 9 candidate modes are selected from the prediction modes 
to form a first-level candidate list. Besides, with the spatial 
and temporal correlation the candidate list is updated. With 
the fast algorithm, the number of modes of updated candidates 
of different PU sizes for RDO traversal process can be 
optimized to reduce its complexity with guaranteed 
performance. Experimental results demonstrates that the 
proposed fast algorithm can achieve more than 36.03% time 
saving while the performance loss is negligible.

The rest of the paper is organized as follows. In section II,
the intra prediction process in AVS2 is introduces. Section III
presents the proposed fast algorithm of intra mode decision. 
The experiment results are shown in section IV while the 
conclusions are given in Section V.

Figure 2. Intra prediction modes in AVS2.

II. AVS2 INTRA PREDICTION PROCESS

AVS2 adapts a flexible video coding framework including 
3 different logical partition structures, coding unit, prediction 
unit and transform unit [7]. The maximum size of the CU is 
64x64 while the minimum size of the CU is 8x8. The CU is 
further split into PUs and TUs as a basic unit of prediction and 
transform/quantization. According to the size of the CU the
minimum size of PU can be split into 4x4. When the CU size 
is 32x32 or 16x16, the non-square PU are introduced to intra 
prediction, which is called short-distance intra prediction
technology [8]. Non-square partitioning can bring higher 
accuracy to short-distance predictions, but it also brings 
higher computational complexity. In each luminance PU 

prediction, AVS2 utilizes 33 prediction modes as shown in 
Fig 2, including DC, Plane, Bilinear, and 30 kinds of angle
modes, for which utilize the 1/32 precision sub-pixel 
interpolation technique with a 4-tap linear filter to get the 
prediction blocks for different angular.

In the AVS2 reference software, intra coding mainly 
includes two processes of RMD and RDO. Above of all, 9 
candidate modes are chosen by the minimum cost as

                  (1)

where SATD represents the sum of absolute Hadamard 
transformed coefficients of the residual signals between the 
CU and PU. is the Lagrange multiplier and is the 
estimated number of bits to encode the intra mode 
information. Then the RDO procedure will be traversed for 
all candidate modes to select the optimal prediction mode.

III. PROPOSED FAST INTRA MODE DECISION ALGORITHM

In AVS2, the optimal prediction mode is selected for the 
current PU in a combination of RMD and RDO. The RMD 
process requires full traversal of 33 prediction modes, and 9 
candidate modes are obtained by equation (1). Then, traversal 
of RDO is performed on the 9 candidate modes, and the 
optimal prediction mode is selected. The fast algorithm we 
proposed in this paper optimizes the intra prediction 
complexity by two steps. Firstly, the Sobel operator is used to 
obtain the gradient information of the current PU. Compared 
with the 30 angle modes, 12 optimal angular modes are 
selected. Combined with the 3 non-angular modes, 9 
candidate modes are selected by calculation and 
comparison. Then, with the temporal and spatial correlation
MPMs, the candidate list obtained in the first step is updated,
and different numbers are selected according to different PU 
sizes for RDO. A large number of experimental statistics show 
that more than 96.9% of the optional mode will be selected
from the top five of the candidate list, and CM0 represents the
probability statistics of optional mode selected from the first
of candidate list which is shown as below. The numbers are 
shown as Table I. It can be seen that the prediction modes of 
all PUs with different size for RDO are reduced from 9 to 
selected numbers, which means the complexity of intra RDO 
can be reduced. Detailed process of the fast algorithm are 
presented below.

Figure 3. Probability statistics of optional mode selected from candidate list
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TABLE I. SELECTED PREDICTION MODES FOR RDO
PU size Number of PU modes in RDO

4x4 5

8x8 5

16x16 3

32x32 3

64x64 3

A. First Level Candidate List Obtained with Sobel 
Operator

As analyzed above, the texture information are utilized by 
the gradient of each pixel in current PU to obtain the first-level 
candidate modes list. In the paper, we use Sobel operator to 
get the gradient information. By the gradient several angular
prediction modes are selected for the following RDO. The 
description in detail of the first step is shown as follows:

Firstly, two convolution masks of 3x3 metric are utilized 
to calculate the gradient values of each pixel in both horizontal 
and vertical of the current PU as shown as,

                                      (2)

                                       (3)

where the represents a pixel in a position of ( ) and the 
and represents the horizontal and vertical gradient 

magnitude of the pixel, respectively. Then the prediction
angular should be calculated with equation (4), which reflects 
intra modes’ angular. Through the estimated angular , the 
intra modes corresponding to the 12 nearest angular are 
chosen into the RMD procedure.

                       (4)

Combined with the 3 non-angular prediction 9 candidate 
prediction modes are selected with RMD to form the first level 
list by the equation (1).

B. Candidate List Upated Based on Temporal-spatial 
MPMs

As we all know, usually frames in one video possess 
temporal and spatial correlations. The current PU is similar to 
the neighboring left and up PU in texture information, and in 
addition, the same position of its previous frame has 
significance for current PU. Hence, based on the analyzation 
above, the previous candidate prediction modes can be 
furtherly updated according to the information of left, up and 
previous PUs. Specially, the neighbor spatial-temporal PU’s 
MPM modes are jointed with the current candidate modes 
together to find more optimal modes and reduced numbers.
The decision procedure are shown as follows.

Firstly, the best prediction mode of left neighboring PU 
are selected to compare with modes in the candidate list. If 
there is the mode is not listed in the first level list, then update 

the list by add the mode. If there is a mode in the list which is 
the same to the mode, then unchanged the list. Similar to the 
first step, the procedure will be repeated for the best modes of 
the up and previous frame PUs. The overall flow cart of the 
proposed fast algorithm are shown as Fig. 4. LF represents the 
optional prediction mode of the same position PU in the last
frame, which is used to update the previously obtained
candidates. Through a large number of experimental statistics,
we found that the optional intra prediction mode will be 
selected from the top several candidate modes by RMD
probably. We adapt different numbers for RDO as shown in
Table 1 according to the balance of performance and reduced 
time.

It can be seen that, the top 3 or 5 candidate modes are 
selected finally for different PUs. For example, for the PU 4x4, 
only 5 intra modes are utilized for RDO to deicide the best 
modes. It should be noted that, the LF is the optimal candidate 
intra mode for the previous co-located CU. When the previous 
co-located CU’s best prediction mode is intra mode, the LF 
mode is set as the best intra prediction mode. While the 
corresponding prediction mode is inter mode, namely the PU 
mode for the previous co-located CU is skip mode, direct 
mode or other inter prediction mode, the LF value will be 
chosen as the intra mode with the closet rate distortion cost to 
the best inter mode’s cost.

Gradient Calculation

Is matching?

Select optimal 12 modes

RMD

{MPM, LF}=
Candidates mode?

Update the candidate list

Select top 5 or 3 modes

Unchanging the list

Yes

No

No

Yes

Implement Intra RDO

Figure 4. The overall flow of the proposed algorithm.

���



IV. EXPERIMENT RESULT

In order to evaluate the performance of the proposed 
algorithm, the experiment is implemented on RD17.0, 
reference software of AVS2 with the low-delay P
configuration. The intra period is 60 with 30 fps. The proposed 
algorithm is applied for all intra coding modes, namely all the 
CUs in I type frame and the CUs with intra prediction modes 
in P type frame. The testing condition contains 12 sequences 
with different resolutions, with QPs set as 20, 26, 32 and 38. 
The performance of the proposed algorithm is evaluated 
against the RD17.0 reference software as anchor without any 
modification in term of encoding time-reduction as equation 
(5) and BD-Rate results, which the larger with positive, the 
more bitrate increase with the same PSNR (Peak Signal Nosie 
Ratio)constraint.

(5)

The experimental results as shown in Table II indicate the 
proposed algorithm of intra prediction is faster and more 
efficient than the RD17.0 reference software of AVS2. We 
can see that the encoding time of intra has obviously reduction 
with negligible bitrate increase under the same PSNR quality.
From the Table II, it’s easy to find that the most encoding 
time-reduction is achieved for the sequence of Snowscene
with the minimum BD-Rate increase from the testing 
sequences while the minimum encoding time-reduction is 
obtained for KristenAndSara with the most BD-Rate increase. 
We also make the performance comparisons with the method 
in [6]. Compared with it [6], we achieve 36.03% time 
reductions on average, which is more than 15% time saving 
than the method in [6] while for both of them the BD-Rate 
increase is very low. Thus our algorithm outperforms the other 
one with better compression efficiency. Detail performance 
comparison is shown as Fig.5 with the sequence Snowscene
as the example. Obliviously, the performance is very close to 
the anchor, which means loss for proposed method is 
negligible.

TABLE II. TIME SAVING AND BD-RATE COMPARISON

Figure 5. Performance comparison for sequence Snowscene for proposed 
method and mode activity [6].

V. CONCLUSION

The paper proposes a fast algorithm for intra mode 
decision to optimize RMD and RDO, respectively. In the 
process pf RMD, we utilize gradient obtained by Sobel 
operator to achieve the selection of intra prediction modes. 
Furthermore, we update the candidate list through temporal-
spatial correlated prediction modes for RDO. Experiments are 
implemented in RD17.0 reference software of AVS2 with 12 
sequences in 4 different QPs. The results show that the fast 
algorithm achieves 36.03% time reduction, with 0.7% bitrate 
increase, which is negligible performance loss. The algorithm 
can be also efficiently applied in other international standards 
of video coding platforms such as HEVC/H.265 etc. In the 
future, we will explore more efficient fast algorithms, for 
example, the better fast CU or PU split algorithm to improve 
the compression efficiencies furtherly.
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