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ABSTRACT  

The second generation Audio Video Standard (AVS2) adopts the flexible partitioning structure, which recursively 

divides the coding tree unit (CTU). The prediction models (PM) in inter prediction include PSKIP, P2Nx2N, P2NxN, 

PNx2N, PHOR_UP, PHOR_DOWN, PVER_LEFT and PVER_RIGHT. Each PM needs to perform integer motion 

estimation (IME) and fractional motion estimation (FME) in the motion estimation (ME) process. These methods adopted 

by AVS2 contribute significant coding efficiency while generating great encoding complexity. In order to reduce the 

encoding complexity, an adaptive inter mode decision fast algorithm is proposed in this paper from two aspects. Firstly, 

we statistically analyze the PMs in both spatially and temporally adjacent positions and establish a mode complexity (MC) 

measure metric. Through experiments we know that the complexity of inter mode decision decreases with the reduction of 

MC. Therefore, MC can be utilized to guide skipping some PMs with low occurrence probability. Secondly, a fast 

algorithm based on the parent prediction unit (PU) is proposed. FME in child PUs is skipped when the parent PU’s MV 

from IME is equaled to FME. Experimental results show that, compared to the AVS2 reference software RD17.0, the 

proposed fast algorithm reduces total encoding time by an average of 21.2% while the performance loss is negligible. 
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1. INTRODUCTION  

The mainstream AVS2 video coding standard was released by the China Digital Audio Codec Technology Working 

Group AVS2 in 2016. Compared with the international standard High-Efficiency Video Coding (HEVC) [1], its encoding 

efficiency has obvious promotion [2]. In AVS2, the ordinary P frame is the forward predicted frame, while B frame is a 

bi-predicted frame that can utilize forward, backward, bi-prediction and symmetric prediction [3]. In addition to traditional 

P and B frame, F frame is defined as a special P frame that can utilize more than one forward prediction hypothesis. Similar 

to the HEVC, flexible partitioning structure is adopted in AVS2, which recursively divides the LCU to different CUs to 

achieve significant performance. The CU size is increased from 16x16 in AVS1 to 64x64 and multiple modes of prediction 

are used for each CU. The inter prediction mode of AVS2 adopts two schemes including Symmetric Motion Partition 

(SMP) and Asymmetric Motion Partition (AMP). For the size of CUs equals to 8x8, SMP is allowed, which includes 

PSKIP, P2Nx2N, P2NxN, PNx2N. While for others, AMP and SMP are allowed and the PSKIP, P2Nx2N, P2NxN, PNx2N, 

PHOR_UP, PHOR_DOWN, PVER_LEFT, PVER_RIGHT modes will be performed [4]. 

In order to achieve the best compression performance, the mode decision (MD) process and the ME procedure should 

be performed for all the PU modes, respectively, while which generates great encoding complexity and restricts the real-

time application. As shown in Fig. 1, we use BasketballDrive (1920x1080) to test the encoding time of MD and ME in 

RD17.0. The results show that MD and ME account for 45.35% and 32.55% of the total coding time respectively. Therefore, 

how to reduce encoding time while maintaining video encoding efficiency has become the focus of many scholars. 

The algorithms of inter prediction are mainly divided into fast ME and MD algorithms. The IME and FME are included 

in the ME process. Firstly, several fast ME algorithms are presented. In aspect of IME [5-7], there are many algorithms 

are proposed in which only three to five integer pixels are used as candidates. For example, an early termination method 

is proposed to reduce IME search points in reference [6], which classifies each macroblock in one and three classes based 

on the estimation of the possible matching cost. 
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Figure 1.  The proportion of ME and mode decision in total encoding time 

As to FME [8],[9], a novel fast two-step FME algorithm was proposed in reference [8], which first approximates the 

error surface of the fractional-pixel position, and then approximation within a smaller area. In reference [9], an adaptive 

FME skipped scheme is proposed for HEVC motion estimation, which first collects the ME result of the parent PU mode 

(P2Nx2N), and then the FME of its children-type PU modes is adaptively skipped. Although the ME algorithm proposed 

in the above paper can effectively reduce the number of searched points, several PMs for each CU requires to be performed. 

However, only one PM is selected as the optimal PM among many performed PMs in MD. So the performance of these 

algorithms can be further improved by optimizing the MD process. In terms of MD, an MD algorithm based on the priority 

computed from spatial and upper-layer PU blocks in reference [10] is proposed, which performs ME only on the selected 

PM along with a descending order of priority. In reference [11], a fast mode decision algorithm is proposed to solve the 

computation complexity. This method exploits the evaluated modes of the co-located reference macroblocks to compose 

a new candidate group for the current macroblock. The candidate modes can be reduced by adjusting the size of the group 

in order to decrease the calculation. As mentioned above, although there are many inter prediction papers about ME and 

MD, there are still some problems existed for improvement. On the one hand, most of them analyze MD and ME separately 

and few of them have considered both of the two aspects simultaneously. On the other hand, the algorithms in these papers 

are all implemented based on HEVC and rarely are proposed for AVS2.  

As a consequence, in order to solve the problems above a novel fast inter mode decision algorithm is proposed in this 

paper. We first establish a mode complexity (MC) measure metric and using the value of MC skip some PMs with low 

occurrence probability. And then FME in child PUs are skipped when the parent PU’s MV from IME is equaled to that 

from FME. The results demonstrate that the proposed algorithm reduces the total encoding time by 21.9% and the ME 

time by 36.8% on average while maintaining a comparable encoding efficiency. The remainder of this paper is organized 

as follows. In section 2, the recursive splitting strategy of CTU, PU and the search method of ME process in AVS2 are 

introduced in detail. In section 3, two experiments are performed to prove the reliability of the MC algorithm and the FME 

based fast algorithm, respectively. The experimental results are presented to prove the effectiveness of the proposed 

algorithm in section 4. In section 5, the paper is summarized.  

 

2. INTER PREDICTION OF AVS2 

In AVS2, the picture consists of one or more slices, and slice is composed of an integer number of LCU ordered 

consecutively in the raster scan order. LCU can be a single CU or can be split into four smaller CUs with a quad-tree 

partition structure. And once the splitting of CU hierarchical tree is finished, the leaf node CUs can be further split into 

PUs [3]. As shown in Fig. 2, a LCU is divided into CUs with the size of 8x8, 16x16, 32x32 and 64x64. The CUs with 

different sizes in a LCU are performed according to the order of the numbers in Fig. 2. The CUs with the same size, the 

"Z" shape order is calculated according to the direction of the arrow in Fig. 2. For each CU in an inter prediction, as 

mentioned above, inter prediction PU sizes can be selected from any of the following sizes: PSKIP, P2Nx2N, P2NxN, 

PNx2N, PHOR_UP, PHOR_DOWN, PVER_LEFT, PVER_RIGHT [3]. As shown in Fig. 3, because P2Nx2N can be split 

into other modes, P2Nx2N is defined as the parent PU and other prediction modes are defined as the child PU in this paper. 

In the AVS2 ME process, each PU in Fig. 3 requires to perform the IME and FME. As shown in Fig. 4, in the IME process, 

diamond search, small hexagon search and large hexagon search are performed, respectively. After these searches, an 

integer optimal motion vector (IBMV) is determined among all the searched integer pixels and the then FME starts from 

the IBMV. The FME spiral performs a half-pixel precision search firstly and a quarter-pixel precision search secondly. 

Therefore, FME requires to search 17 points before determining the BMV with quarter precision. The RD-Cost is used to 
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determine which point is the optimal position, as shown in formula (1), where 𝜆𝑚𝑜𝑡𝑖𝑜𝑛  is the Lagrange multiplier for mode 

decision, 𝑚𝑣𝑛 and 𝑚𝑣0 are the motion vectors are the predictive and current positions, respectively. 𝑆𝐴𝑇𝐷 denotes the 

Sum of Transformed Differences between the CU in current frame and the reference frame, which is used to measure the 

distortion,𝑅 is the number of bits estimated for the MV and CU partitioning information. 
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Figure 2.  Traversal mode of AVS2 
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Figure 3.  Parent PU and child PU 
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Figure 4.  IME and FME in AVS2 

𝐽(𝑚𝑣𝑛 , 𝜆𝑚𝑜𝑡𝑖𝑜𝑛) = 𝑆𝐴𝑇𝐷(𝑚𝑣𝑛 , 𝑚𝑣0) + 𝜆𝑚𝑜𝑡𝑖𝑜𝑛 · 𝑅(𝑚𝑣𝑛 − 𝑚𝑣0)   (1) 



 

 
 

 



3. PROPOSED ALGORITHM AND STATISTICAL ANALYSES 

In this section, we illustrate the two algorithms proposed in detail. Firstly, the probability of various modes when MC 

equals to 0 is analyzed. We find that the prediction mode is likely to be PSKIP when MC is equaled to 0. Secondly, we 

analyze parent PU’s MV from IME and FME to find out the relationship between parent PU and child PU. When the two 

values are equaled, we skip child PU’s FME. 

3.1 Mode Skipped Algorithm 

As described above, there are various PMs in CU with different sizes. Usually, PUs with large sizes are always chosen 

for CUs in the homogeneous region, and small sizes are chosen for CUs with active motion or rich texture [12]. Considering 

that the optimal PM of current CU may correlate with its adjacent CUs spatially and temporally, the first algorithm is 

proposed based on the spatial and temporal characteristics. For a current CU, we define a prediction set Ω, as follows, 

𝛺 = {𝐶𝑈0, 𝐶𝑈1, 𝐶𝑈2, 𝐶𝑈3, 𝐶𝑈4, 𝐶𝑈5}         (2) 

CU5 CU0CU1

CU3CU2 CU4

Current frameForward frame  

Figure 5.  Current CU and its adjacent CUs 

as shown in Fig. 5, CU1, CU2, CU3 and CU4 represent spatially adjacent CUs of the current CU (CU0), which are 

respectively located on the left, upper left, upper and upper right side of CU0, while CU5 represents temporally adjacent 

co-located CU of the CU0. 

Different weights are set for CU at different positions in this paper. As shown in Table 1, the positional weights of 

CU1, CU2, CU3, CU4 and CU5 are set as 0.2, 0.1, 0.2, 0.1 and 0.05 respectively. Positional weight represents the 

correlation between the current CU and the adjacent CU. The bigger the weight, the bigger the correlation of the two CUs. 

Thus, to represent the complexity of each PU, this paper sets different mode cost weights for different PMs in inter 

prediction. A simple mode has a large weight, while a complex mode has a small weight, which is listed in Table 1. The 

mode complexity (MC) for the CU0 is computed as shown in formula (3), 

𝑀𝐶 =  ∑ 𝑘𝑖 · 𝑤𝑖 · 𝑝𝑖
𝑛
𝑖=0       (3) 

Table 1. The positional weights and mode weights 
 

Position Position weight (p) Mode Mode weight (w) 

CU1 0.2 PSKIP 0 

CU2 0.1 P2Nx2N 50 

CU3 0.2 Symmetric 75 

CU4 0.1 Asymmetric 100 

CU5 0.05 Other 5000 

 

to analyze the relationship between optimal prediction mode and MC, fourteen test sequences with three resolutions 

and QP are encoded on AVS2 reference software RD17.0 [13]. Three test sequences with the resolution of 1920x1080 are 

Beach, Kimono1 and BasketballDrive. Six test sequences with the resolution of 1280x720 are Crew, Vidyo1, Vidyo3, 

FourPeople, Johnny and KristenAndSara. Three test sequences with the resolution of 1280x720 are BasketballDrill, 

PartyScene and RaceHorses.  The QP of 27, 32, 38, 48 are employed with the Low-Delay-P (LDP) encoding configurations. 

The other encoding parameters maintain the default settings in RD17.0.  
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As shown in Fig. 6, when the optimal PM is PSKIP in different CU size, probability of MC which is equaled to 0 is 

more than 94.7% on average. So when the MC is equaled to 0, we can set the PSKIP as the best inter mode for the current 

CU. Meanwhile, the probability of MC is equaled to 0 of different sizes of CUs are also calculated. In Fig. 7, it can be seen 

that the MC = 0 for 8x8 CU is much higher than other sizes. What’s more, as shown in Fig. 8, the optimal PM occupies 

the largest probability of inter predictions modes of 8x8 CU. Therefore, the fast inter mode decision operations based on 

MC are presented as follows, 

(a)For 8x8 CUs, when MC is equaled to 0, only PSKIP and P2Nx2N are used in inter prediction. 

(b)For CUs of other sizes (16x16, 32x32, 64x64), when MC is equaled to 0, only PSKIP is used in inter prediction. 
 

 

Figure 6.  PU distribution when MC = 0 

 

Figure 7.  The number of time that MC = 0 in different sizes CU 

 

Figure 8.  The probability of different MCs when the optimal mode is P2Nx2N 
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3.2 . FME Skipped Algorithm 

In inter prediction, ME is an essential step to find the best inter matched predicted block. In AVS2, ME can generate 

an appropriate MV, which greatly reduces the code rate while generating great encoding complexity. So it is important to 

find an optimal MV with less computation. As mentioned above, in the ME process, the IME is firstly performed and then 

the FME is performed. Generally, parent PU and child PU have similar motion characteristics in the spatial region. In other 

words, child PUs will have MV similar to its parent PU when the parent PU’s MV from IME is equaled to that from FME. 

Therefore, we can use parent PU to predict child PU. In order to verify it, we analyze the relationship between parent PU 

and child PU. Some flags are defined in this paper as follows, 

I: After the IME and FME process, PU’s optimal motion vector is generated by the IME. 

R: After the IME and FME process, parent PU's optimal motion vector is generated by the IME. 

C: After the IME and FME process, child PU's optimal motion vector is generated by the IME. 

The complementary set of the three situations is that of the optimal motion vector generated by the FME. Several test 

sequences with the different resolution are used in this paper including ParkScene (1920x1080), Crew (1280x720) and 

PartyScene (832x480). Other test conditions remain the same as above. As shown in Fig. 9, black bar means the probability 

of P(I), which is very low. And white bar means conditional probability P(C|R), which is much higher than the former. It 

can be seen that the FME dominates performance gain with the probability (1-P(I)). Besides these, we can observe that the 

conditional probability P(C|R) is higher than P(I), which means that mostly the flag R and C can be achieved 

simultaneously. Therefore, we can take the following methods to appropriately skip the FME process for child PUs, 

1. After parent PU performs the IME, the optimal motion vector generated is defined as PIMV. 

2. After parent PU performs the IME and FME, the generated optimal motion vector is defined as PFMV. 

3. If PIMV equals to PFMV, all child PUs of this parent PU skip FME. 

4. If PIMV does not equal to PFMV, then all child PUs of this parent PU do not skip FME. 

  

Figure 9.  The probability of P(I) and the conditional probability of P(T|S) 

According to the above analyses, the flowchart of the proposed algorithm is presented in Fig. 10. The detail is illustrated 

as follows. Flowchart of the proposed algorithm 

Step 1. The SKIP mode is encoded for the current CU. 

Step 2. Calculate the MC of the current CU, if MC equals to 0, go to Step 3, otherwise, go to Step 4 

Step 3. If the size of the current CU is 8x8, PSKIP and P2NX2N are used in inter prediction. Or only PSKIP is used in 

inter prediction. Go to step Step 5. 
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Step 4. Perform the program with the RD17.0 default process and then go to Step 5. 

Step 5. Parent PU performs IME and FME process. If PIMV equals to PFMV, all child PUs of this parent PU perform 

IME only. Otherwise, all child PUs of this parent PU perform IME and FME, go to Step 6. 

Step 6. Finish encoding the current CU. 
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Figure 10.  Flowchart of the proposed algorithm 

 

4. EXPERIMENTAL RESULTS 

In order to evaluate the effectiveness of the proposed algorithm, the test experiments are performed on RD17.0. The 

anchor of RD17.0 and the method in ACM [9] are selected for comparison. The experimental configurations are listed in 

Table 2. In the experiment, different quantization parameters (QP) and different test sequences are tested, in which the 

reductions of the total encoding time, ME time and Bjontegaard delta Bitrates (BDBR) [14] were evaluated. As shown in 

formula (4) and (5), ∆𝑇𝑆 is the whole encoding time savings while the ∆𝑀𝐸𝑇𝑆 denotes the ME encoding complexity 

reductions. The 𝑇𝑖𝑚𝑒𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑  and the 𝑇𝑖𝑚𝑒𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒  in formula (4) are the total encoding time of the fast algorithm 

(proposed and ACM [9]) and the anchor, respectively. Similarly, the 𝑀𝐸𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑  and the 𝑀𝐸𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 in formula (5) are 

the total ME time of the fast algorithm (proposed and ACM [9]) and the anchor. Simulations are run on a computer with 

Intel(R) Core(TM) i5-4570 CPU @ 3.20 GHz and 4 GB random access memory. 

Table 2. Experimental configurations 
 

Project Parameters 

Coded frame structure IPPP 

Number of reference frames 4 

Maximum coding unit 64 

Number of encoded frames per sequence 50 

QP 27,32,38,45 

Encoding configuration Low-Delay-P 

 



 

 
 

 

Table 3. Experimental results 

Resoluti
on 

Test sequences 

Proposed ACM 

TS/% 

METS/

% 

BD-

BR/% 

TS/% 

METS/

% 

BD-

BR/% 
QP 

Average 
QP 

Average 
27 32 38 45 27 32 38 45 

1920x 
1080 

Beach -24.0 -27.7 -32.3 -39.3 -30.8 -45.1 0.6 -6.7 -8.0 -8.8 -9.9 -8.4 -15.1 0.1 

Kimono1 -7.7 -11.1 -19.8 -34.0 -18.1 -24.2 1.0 -4.6 -5.7 -6.8 -7.0 -6.1 -11.3 0.4 

BasketballDrive -11.6 -15.1 -22.5 -32.5 -20.4 -26.3 1.4 -4.4 -5.0 -6.3 -6.6 -5.6 -10.2 0.7 

ParkScene -7.0 -10.3 -20.5 -35.5 -18.3 -24.8 2.7 -3.1 -3.7 -4.7 -5.4 -4.2 -8.1 0.6 

BQTerrace -8.5 -12.5 -19.5 -30.4 -17.7 -26.7 2.1 -3.8 -4.4 -5.6 -5.9 -4.9 -10.9 1.1 

1280x 

720 

Crew -12.6 -16.6 -22.4 -26.1 -19.4 -29.5 0.6 -3.6 -4.5 -5.2 -5.3 -4.7 -10.5 0.8 

Vidyo1 -28.0 -30.7 -33.1 -34.8 -31.7 -58.7 1.5 -11.1 -11.9 -12.5 -12.1 -11.9 -34.6 0.7 

Vidyo3 -21.1 -23.7 -27.2 -31.4 -25.9 -47.5 1.9 -9.3 -10.5 -10.6 -10.9 -10.4 -29.5 1.3 

FourPeople -27.0 -29.9 -32.6 -35.0 -31.1 -59.5 1.1 -10.9 -12.0 -12.7 -12.6 -12.1 -36.4 0.4 

Johnny -24.8 -28.4 -31.4 -34.5 -29.8 -54.7 1.8 -10.1 -11.6 -12.0 -12.5 -11.6 -33.5 1.3 

KristenAndSara -25.8 -29.3 -32.1 -34.5 -30.4 -56.1 1.4 -9.0 -10.6 -11.3 -11.3 -10.6 -31.8 0.6 

832x 
480 

BasketballDrill -8.3 -14.5 -22.7 -31.7 -19.3 -35.1 2.6 -3.9 -5.2 -6.1 -6.6 -5.5 -15.3 0.7 

PartyScene -2.7 -4.3 -7.5 -16.6 -7.8 -14.5 1.1 -1.1 -2.4 -2.4 0.9 -2.0 -6.6 0.9 

RaceHorses -2.8 -4.1 -5.9 -12.2 -6.2 -12.5 0.9 -1.9 -3.0 -3.4 -3.5 -3.0 -8.3 0.8 

 Average -15.1 -18.4 -22.5 -30.6 -21.9 -36.8 1.5 -6.0 -7.0 -7.7 -7.8 -7.2 -18.7 0.7 

 

∆𝑇𝑆 =
𝑇𝑖𝑚𝑒𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑−𝑇𝑖𝑚𝑒𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝑇𝑖𝑚𝑒𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
     (4) 

 

∆𝑀𝐸𝑇𝑆 =
𝑀𝐸𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑−𝑀𝐸𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝑀𝐸𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
     (5) 

It can be seen from Table 3 that, compared with RD17.0, the algorithm proposed in this paper saves 21.9% of the total 

encoding time on average and saves 36.8% of the ME time on average. Particularly, the five test sequences Vidyo3, Vidyo3, 

FourPeople, Johnny and KristenAndSara achieved the best acceleration. About 29.8% of the total encoding time on average 

can be reduced and 55.1% of the ME time on average can be reduced, respectively. The max saving of total encoding time 

achieved in Vidyo3 with the value of 31.7% and the max saving of the ME time achieved in FourPeople with a value of 

59.5%. This phenomenon fully proves the effectiveness of the algorithm proposed in this paper. However, the acceleration 

of ACM [9] is poor. The total encoding time saving on average of this method is 7.2% and the ME time saving on average 

is 18.7%. It is obvious that the algorithm proposed in this paper accelerates RD17.0 more effectively. But the performance 

loss of the proposed algorithm is larger than ACM [9]. The main reason for this phenomenon is that the fast algorithm 

proposed in this paper accelerates reference software from MD and ME respectively, so more computation process are 

skipped. While the ACM [9] only designs algorithm from the ME process, which skips fewer procedures. 

 

5. CONCLUSION 

In this paper, we propose a novel algorithm to reduce the inter encoding time of AVS2 encoder, which includes two 

strategies, i.e., MD skipped and FME skipped. Firstly, we establish a mode complexity (MC) measure metric and use the 

value of MC skip some PMs with low occurrence probability. Secondly, a fast algorithm based on parent PU is proposed. 



 

 
 

 

FME in child PUs is skipped when the parent PU’s MVs from IME and FME are the same. The results of comparative 

experiments demonstrate that the proposed algorithm reduces the total encoding time by 21.9% and the ME time by 36.8% 

on average while maintaining a comparable encoding efficiency.  
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