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1. Introduction

In the current JVT reference software (JM5.0), Integer Pixel Motion Estimation (IPME) module (Fast Full Search) is still the most time consuming part. It takes about 50% (1 reference frame, 32 points search range) to 70% (5 reference frames, 32 points search range) of the total encoding time. In this contribution we propose a much more efficient IPME algorithm which can reduce the complexity of the JVT encoder significantly. The proposed algorithm speeds up the JM5.0 2.47 (1 reference frame) to 5.97 (5 reference frames) times on average with very low loss in coding efficiency (0.027dB and 0.039dB on average respectively) for the conditions specified in [1]. Since the developing of other techniques, the percentage of encoding time consumed by IPME module drops in JM5.0 compared with that of JM4.0c. For convenience, we also integrated our algorithm with JM4.0c, on which we get a much better result: the encoder is sped up to 3.56 (1 reference frame) to 8.19 (5 reference frames) times on average with lower loss (0.014dB and 0.026dB on average respectively). We propose to integrate this algorithm into the JVT reference software.
2. Fast Integer Pixel Motion Estimation

The current JVT standard [2] allows 7 different shapes of blocks in motion estimation and 32 points search range to achieve much higher coding efficiency than the previous standards. With the increase of the search range, many fast motion estimation algorithms can’t be used in practice, such as N3SS [3] and 4SS [4]. It is because that although the optimal motion vector still appears around the (0, 0) point with very high probability, it will cost so much to reach the edge of the search range in the worst condition that the complexity is not acceptable. Further more, since we must do the motion estimation 7 times for each macroblock because of the 7 different shapes, not using the already got motion vectors during the previous motion estimations for the same macroblock is very inefficient. Observing this, we developed a new motion estimation algorithm to improve the performance of the current JVT encoder by resolving the two problems mentioned above.

The proposed algorithm is made up of 3 parts for 3 different conditions: Ⅰ Initial Search, Ⅱ Searching based on prediction and Ⅲ Normal Search. When doing motion estimation, if the conditions mentioned in 2.1 is met, use initial search. Otherwise, choose appropriate method of searching according to the principles mentioned in 2.2.

2.1 Initial Search

As we will use an adaptive preferential search range (APSR) in the Ⅲ Normal Search, we must have an initial value for the APSR. Obviously, this value should be different for the different sequences. According to our experiments, we find doing a search instead of a fixed initial value for the first P frame is more efficient in spite of costing some more time. In the same time, since the current sequence of doing motion estimation for 7 block shapes is 8x8, 8x4, 4x8, 4x4, 8x16, 16x8, 16x16, if we use the MVs of previous block shapes to predict that of following block shapes, the accuracy of the MVs of 8x8 blocks is much important. Then in our algorithm we do an initial search for each block shapes for the first P frame and the up left 8x8 block in each macroblock. The pattern of initial search is described in Fig. 1.
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Fig.1 Pattern of Initial Search

In initial search, we first take the (0, 0) point as the center and 4 as the search step, search a diamond area (the 13 red circular points in Fig.1). Secondly, we take the points with minimal cost as the new center and half of the search step as the new search step, search the square area around the new center (8 green triangular points). Thirdly, adjust the center and search step just like step2 and find the points with minimal cost (search 8 blue asteroid points). Then take the MV of that point as the final MV.
2.2 Searching based on prediction

In the current JVT encoder JM5.0, we do motion estimation 7 times for 7 block shapes on each macroblock in order to find an optimal block shape and MVs to reduce bit rate. Since most of the motions in the real world are slow and smooth, it is quite reasonable to use the MVs of previous block shapes as the prediction for the following block shapes within a macroblock. And because we use the information from the same block, the accuracy of this method is much better. Our prediction policy is described in Fig.2.
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Fig.2 Policy of Prediction

Since the 8x8 block is the first block type searched in the JM5.0 and its size is appropriate, we choose it as the base prediction. The blocks smaller than 8x8 are predicted by dividing 8x8 blocks, and the bigger blocks by merging. The steps of searching based on prediction is described below.

Step1: Calculate the predicted MV according to the MVs of corresponding 8x8 blocks. Compare the cost of the predicted MV and that of the (0, 0) point, if the former is lower, goto Step2. Otherwise stop and use Ⅲ Normal Search for further motion estimation. (Make the decision that whether we should use the Search based on prediction.)

Step2: Refine the prediction by searching the around 8 points. If the minimal cost appears in the center, stop. Otherwise search along the best direction until the minimal cost appears in the center or have searched along the best direction 2 times. Please refer to Fig.3 for an example. If green triangle numbered 1 is the minimal, then 3 blue stars will be searched. If the point on direction 1 is the new minimal, the 3 yellow squares will be searched and then the algorithm stops, and the point with the minimal cost will be the motion vector. In the same example, after the searching of 3 blue stars, if the green triangle numbered 1 is still the minimal, the algorithm stops because the center is not altered.
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Fig.3 Refinement in Search based on Prediction

2.3 Normal search

According to the experiments results, although the search range is up to 32 points, most of the optimal motion vectors appear around the (0, 0) point. That is for most sequences, the motion vectors are near to zero with high probability [3]. Considering the high correlation between the two successive frames, we found that it was very reasonable to predict the degree of the motions of the next frame with that of the current frame. Then we can use this prediction as an adaptive preferential search range to reduce the number of search points. Based on this thought, we take the standard deviation of the motion vectors of the current frame as the base of the prediction. Since there are 7 different shapes in block motion estimation and the statistical property of the motion vectors of them are obviously different, we should calculate standard deviation for each of them. Then we will get 7 adaptive preferential search ranges (APSR) for the 7 shapes of the blocks.

Fig.4 illustrates the searching steps of the normal search or adaptive search. 


[image: image4.wmf]
Fig.4 steps of normal search

Step1: 

Compare the costs of the 5 red circular points. The distance from the center point to the other red circular points is the APSR.

A. If the cost of the center point is minimal, then take half of the APSR as the new search step, goto step3.

B. Otherwise store the position and direction of the point with the minimal cost (note this point as R1Min for convenience), then goto step2.

Step2:

According to the direction got in step1, find 3 points that are among the 8 points around the (0, 0) point with search step equaling double APSR. The directions of the 3 points should be the direction and the nearest directions of the R1Min. For example, if the left red circular point in Fig.4 is R1Min, the 3 points should be the 3 green triangular points. Then compare the 3 costs with the cost of R1Min. 

A. If the R1Min is small, then set the R1Min as a new center and the half of the APSR as the new search step, goto step3.

B. Otherwise set the green triangular point with the minimal cost as a new center and APSR as the new search step, goto step3.

Step3:

Make the use of 3SS with the new center and new search step got in previous step until the algorithm stops. Then we get the best motion vector.

For example, if the A condition specified in step2 occurs (suppose the right red circular point is the R1Min and is still the point of minimal cost in step2), the 8 blue asteroid points on the right will be first searched in step3. Otherwise, if the B condition occurs (suppose the cost of the lower green triangular point is the minimal in step2), the 8 blue asteroid points on the left will be first searched in step3.

3. Simulation Result

Our proposed algorithm was integrated within the JVT reference software JM5.0. The test condition is according to [1]. And the cfg file settings are:

Freq. for encoded bitstream: 

30
Hadamard transform:


Used

Error robustness:



Off

Search range:



32

No of ref. frames used in P pred:

1 or 5

Adaptive Block Transforms:

Not Used

Sequence type:



IPPP 

Entropy coding method:


CAVLC

Search range restrictions:

none

RD-optimized mode decision:

used

Data Partitioning Mode:


1 partition 

Output File Format:


H.26L Bit Stream File Format
The platform used is AMD XP 1800+, 256MB DDR RAM, Microsoft Windows 2000 Professional.

Instead of using the timing statistics generated from the encoder, which tend to be quite inaccurate, we used the ntimer.exe provided with the Windows 2000 Resource Kit. Only the User time (Utime) was used for comparing the speed-up of the proposed algorithm with FS (Fast Full Search in reference software). And the average results were generated by avsnr.exe.

In table 1 the performance of our algorithm is shown when using 1 frame reference. Under this condition, we can achieve 2.47 times speed of the encoder on average while also maintaining a very low loss in encoding quality (-0.027dB or -0.45% in bit rate on average). Table 2 shows the performance of our algorithm under the conditions of using 5 reference frames. In this case, we achieve 5.97 times speed of the encoder on average with still very low loss of encoding quality (-0.039dB or -0.64% in bit rate on average).

For convenience, we also integrated the proposed algorithm with JM4.0c. Since the developing of other techniques, the IPME module consumes lower percentage of encoding time in JM5.0 compared with JM4.0c. So under the same condition as specified above, we get a much better result on JM4.0c: the encoder is sped up to 3.56 times with 0.014dB loss on average for 1 reference frame and 8.19 times with 0.026dB loss on average for 5 reference frames. (Please refer to the file JVT-F011_JM40c.xls for details.)
Fig.5 shows the analysis of computation payload of different modules in JM5.0 integrated with our algorithm. The “SPME” indicates the sub-pixel motion estimation. The tool we used is the “profile” in VC++ 6.0. The tested sequence is foreman (qcif) with first 100 frames used. We can observe that our algorithm reduce the payload of IPME to a very low level (1.8% for QP=16, ref=1 and 5.2% for QP=16, ref=5). It means that further reducing the complexity of IPME is not able to do great contributions to the whole performance of the JVT encoder any more. 

Table 1: JVT-F011 compared to FS using 1 reference frame

	sequences
	frame rate
	number of frames
	QP
	PSNRY (FS)
	PSNRU
(FS)
	PSNRV
(FS)
	Bitrate
(FS)
	Utime
(FS)
	PSNRY
(F011)
	PSNRU (F011)
	PSNRV
(F011)
	Bitrate
(F011)
	Utime (F011)
	F011 bit saving
	F011 ave. saving (avsnr)
	F011 ave. dB gain (avsnr)
	Speed Up

	Container
(qcif)
	30
	300
	16
	44.82
	47.70
	47.82
	331.54
	0:08:15
	44.81
	47.65
	47.81
	331.68
	0:03:24
	-0.04%
	-0.53%
	-0.021
	2.42

	
	
	
	20
	41.56
	45.37
	45.44
	166.65
	0:07:57
	41.55
	45.38
	45.50
	167.16
	0:03:05
	-0.31%
	
	
	2.57

	
	
	
	24
	38.52
	42.77
	42.82
	80.94
	0:07:42
	38.52
	42.74
	42.72
	81.23
	0:02:50
	-0.36%
	
	
	2.73

	
	
	
	28
	35.83
	40.66
	40.35
	39.15
	0:07:30
	35.81
	40.60
	40.35
	39.43
	0:02:37
	-0.72%
	
	
	2.87

	Foreman
(qcif)
	30
	400
	16
	44.74
	45.37
	46.59
	946.03
	0:11:26
	44.74
	45.36
	46.60
	943.53
	0:04:59
	0.26%
	-0.13%
	-0.006
	2.29

	
	
	
	20
	41.32
	42.72
	44.54
	528.66
	0:10:56
	41.33
	42.73
	44.55
	528.56
	0:04:28
	0.02%
	
	
	2.45

	
	
	
	24
	38.11
	40.56
	42.24
	282.01
	0:10:28
	38.10
	40.55
	42.22
	281.94
	0:04:00
	0.02%
	
	
	2.62

	
	
	
	28
	35.22
	38.93
	40.08
	144.36
	0:10:06
	35.18
	38.91
	40.11
	145.17
	0:03:37
	-0.56%
	
	
	2.80

	Mobile
(cif)
	30
	300
	16
	44.35
	44.80
	44.83
	7235.82
	0:36:24
	44.36
	44.80
	44.83
	7227.05
	0:17:37
	0.12%
	0.17%
	0.013
	2.07

	
	
	
	20
	40.69
	41.50
	41.50
	4888.17
	0:35:26
	40.69
	41.50
	41.50
	4881.51
	0:16:36
	0.14%
	
	
	2.13

	
	
	
	24
	37.12
	38.34
	38.29
	3100.68
	0:34:12
	37.12
	38.34
	38.28
	3095.43
	0:15:22
	0.17%
	
	
	2.23

	
	
	
	28
	33.72
	35.52
	35.39
	1804.42
	0:32:50
	33.72
	35.52
	35.38
	1800.10
	0:13:59
	0.24%
	
	
	2.35

	News

(qcif)
	30
	300
	16
	45.75
	46.99
	47.60
	308.44
	0:08:07
	45.75
	46.97
	47.60
	308.14
	0:03:17
	0.10%
	-0.41%
	-0.026
	2.47

	
	
	
	20
	42.68
	44.76
	45.41
	195.71
	0:07:55
	42.67
	44.74
	45.40
	195.83
	0:03:04
	-0.06%
	
	
	2.58

	
	
	
	24
	39.63
	42.22
	42.85
	121.66
	0:07:43
	39.60
	42.22
	42.80
	121.88
	0:02:51
	-0.18%
	
	
	2.70

	
	
	
	28
	36.64
	40.01
	40.44
	74.05
	0:07:32
	36.62
	39.96
	40.39
	74.35
	0:02:39
	-0.41%
	
	
	2.83

	Paris

(cif)
	30
	100
	16
	44.63
	46.26
	46.52
	2537.64
	0:11:13
	44.63
	46.28
	46.54
	2541.32
	0:05:00
	-0.15%
	-0.51%
	-0.032
	2.24

	
	
	
	20
	41.50
	43.77
	44.02
	1526.02
	0:10:51
	41.50
	43.80
	44.02
	1531.86
	0:04:38
	-0.38%
	
	
	2.34

	
	
	
	24
	38.39
	41.16
	41.28
	960.07
	0:10:30
	38.39
	41.16
	41.29
	965.01
	0:04:17
	-0.51%
	
	
	2.45

	
	
	
	28
	35.42
	38.76
	38.87
	588.73
	0:10:12
	35.41
	38.80
	38.89
	595.03
	0:03:56
	-1.07%
	
	
	2.59

	Silent
(qcif)
	30
	300
	16
	45.41
	46.24
	46.62
	358.26
	0:08:28
	45.42
	46.27
	46.63
	359.78
	0:03:38
	-0.42%
	-0.83%
	-0.055
	2.33

	
	
	
	20
	41.98
	43.53
	44.17
	220.34
	0:08:08
	41.96
	43.46
	44.18
	221.65
	0:03:18
	-0.59%
	
	
	2.47

	
	
	
	24
	38.74
	40.96
	41.69
	137.01
	0:07:48
	38.74
	41.01
	41.68
	138.22
	0:02:58
	-0.88%
	
	
	2.63

	
	
	
	28
	35.72
	38.54
	39.57
	84.21
	0:07:31
	35.70
	38.53
	39.57
	84.84
	0:02:41
	-0.75%
	
	
	2.81

	Tempete
(cif)
	30
	260
	16
	44.74
	45.23
	45.48
	5962.82
	0:30:34
	44.74
	45.23
	45.47
	5997.25
	0:14:18
	-0.58%
	-0.92%
	-0.060
	2.14

	
	
	
	20
	41.28
	42.14
	42.87
	3859.57
	0:29:27
	41.27
	42.13
	42.88
	3888.61
	0:13:12
	-0.75%
	
	
	2.23

	
	
	
	24
	37.88
	39.30
	40.58
	2340.29
	0:28:17
	37.87
	39.29
	40.57
	2359.90
	0:12:00
	-0.84%
	
	
	2.36

	
	
	
	28
	34.67
	36.96
	38.68
	1305.68
	0:27:09
	34.65
	36.95
	38.67
	1315.38
	0:10:50
	-0.74%
	
	
	2.51

	average
	
	
	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	-0.45%
	-0.027
	2.47


Table 2: JVT-F011 compared to FS using 5 reference frames

	sequences
	frame rate
	number of frames
	QP
	PSNRY (FS)
	PSNRU (FS)
	PSNRV (FS)
	bitrate (FS)
	Utime 
(FS)
	PSNRY (F011)
	PSNRU (F011)
	PSNRV (F011)
	Bitrate
(F011)
	Utime (F011)
	F011 bit saving
	F011 ave. saving (avsnr)
	F011 ave. dB gain (avsnr)
	Speed Up

	Container
(qcif)
	30
	300
	16
	44.82
	47.69
	47.86
	323.68
	0:28:37
	44.81
	47.69
	47.86
	324.05
	0:04:46
	-0.11%
	-0.39%
	-0.015
	6.00

	
	
	
	20
	41.55
	45.42
	45.52
	162.28
	0:28:21
	41.54
	45.38
	45.48
	162.56
	0:04:28
	-0.17%
	
	
	6.36

	
	
	
	24
	38.53
	42.82
	42.89
	77.38
	0:28:12
	38.53
	42.82
	42.93
	77.52
	0:04:12
	-0.18%
	
	
	6.71

	
	
	
	28
	35.88
	40.76
	40.47
	37.21
	0:28:05
	35.83
	40.71
	40.41
	37.04
	0:04:00
	0.46%
	
	
	7.01

	Foreman
(qcif)
	30
	400
	16
	44.84
	45.41
	46.65
	874.59
	0:38:54
	44.84
	45.41
	46.66
	875.23
	0:07:08
	-0.07%
	-0.64%
	-0.031
	5.45

	
	
	
	20
	41.48
	42.76
	44.61
	482.94
	0:38:27
	41.47
	42.76
	44.62
	484.79
	0:06:37
	-0.38%
	
	
	5.81

	
	
	
	24
	38.28
	40.59
	42.29
	258.79
	0:38:04
	38.27
	40.60
	42.28
	259.41
	0:06:10
	-0.24%
	
	
	6.17

	
	
	
	28
	35.45
	38.99
	40.14
	136.29
	0:37:48
	35.42
	38.98
	40.18
	138.08
	0:05:47
	-1.31%
	
	
	6.53

	Mobile
(cif)
	30
	300
	16
	44.44
	44.89
	44.92
	6510.95
	1:55:36
	44.43
	44.89
	44.93
	6519.29
	0:23:36
	-0.13%
	-0.32%
	-0.023
	4.90

	
	
	
	20
	40.82
	41.62
	41.63
	4270.72
	1:54:46
	40.81
	41.62
	41.63
	4278.57
	0:22:38
	-0.18%
	
	
	5.07

	
	
	
	24
	37.28
	38.48
	38.44
	2633.62
	1:53:40
	37.27
	38.47
	38.44
	2639.14
	0:21:26
	-0.21%
	
	
	5.30

	
	
	
	28
	33.93
	35.68
	35.57
	1486.29
	1:52:42
	33.93
	35.67
	35.57
	1491.16
	0:20:08
	-0.33%
	
	
	5.60

	News

(qcif)
	30
	300
	16
	45.77
	47.03
	47.62
	305.71
	0:28:27
	45.78
	47.03
	47.62
	305.69
	0:04:36
	0.01%
	-0.39%
	-0.025
	6.18

	
	
	
	20
	42.71
	44.78
	45.45
	193.70
	0:28:17
	42.72
	44.76
	45.41
	194.04
	0:04:25
	-0.18%
	
	
	6.41

	
	
	
	24
	39.64
	42.26
	42.82
	120.66
	0:28:10
	39.62
	42.27
	42.82
	121.18
	0:04:13
	-0.43%
	
	
	6.67

	
	
	
	28
	36.70
	40.04
	40.37
	73.95
	0:28:02
	36.66
	39.96
	40.40
	74.19
	0:04:02
	-0.32%
	
	
	6.95

	Paris

(cif)
	30
	100
	16
	44.66
	46.30
	46.53
	2508.95
	0:36:50
	44.65
	46.29
	46.53
	2517.50
	0:06:46
	-0.34%
	-1.03%
	-0.065
	5.45

	
	
	
	20
	41.52
	43.81
	44.06
	1501.68
	0:36:32
	41.50
	43.80
	44.05
	1509.85
	0:06:25
	-0.54%
	
	
	5.69

	
	
	
	24
	38.41
	41.20
	41.32
	941.47
	0:36:17
	38.40
	41.20
	41.33
	951.30
	0:06:06
	-1.04%
	
	
	5.95

	
	
	
	28
	35.44
	38.82
	38.87
	577.56
	0:36:05
	35.42
	38.79
	38.87
	585.04
	0:05:48
	-1.30%
	
	
	6.23

	Silent
(qcif)
	30
	300
	16
	45.46
	46.30
	46.69
	350.90
	0:28:44
	45.46
	46.34
	46.68
	353.17
	0:04:57
	-0.65%
	-1.17%
	-0.079
	5.80

	
	
	
	20
	42.03
	43.49
	44.30
	215.78
	0:28:30
	42.03
	43.53
	44.28
	217.69
	0:04:41
	-0.89%
	
	
	6.08

	
	
	
	24
	38.84
	41.02
	41.77
	134.64
	0:28:14
	38.81
	41.03
	41.84
	136.22
	0:04:26
	-1.17%
	
	
	6.38

	
	
	
	28
	35.77
	38.59
	39.63
	83.11
	0:28:03
	35.76
	38.59
	39.59
	84.12
	0:04:12
	-1.22%
	
	
	6.67

	Tempete
(cif)
	30
	260
	16
	44.83
	45.31
	45.61
	5475.84
	1:39:36
	44.82
	45.31
	45.60
	5493.78
	0:19:51
	-0.33%
	-0.52%
	-0.033
	5.02

	
	
	
	20
	41.42
	42.23
	43.05
	3459.18
	1:38:35
	41.42
	42.23
	43.06
	3472.80
	0:18:43
	-0.39%
	
	
	5.27

	
	
	
	24
	38.08
	39.39
	40.81
	2053.14
	1:37:32
	38.07
	39.40
	40.81
	2062.04
	0:17:30
	-0.43%
	
	
	5.57

	
	
	
	28
	34.92
	37.11
	38.94
	1122.30
	1:36:42
	34.91
	37.09
	38.92
	1128.02
	0:16:20
	-0.51%
	
	
	5.92

	average
	
	
	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	-0.64%
	-0.039
	5.97
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Fig.5 Analysis of Computation Payload of different modules in JM5.0

4. Conclusion

In this contribution, we propose a fast integer pixel motion estimation algorithm. With this algorithm, the JVT reference software JM5.0 can be sped up to 5.97 times on average under the conditions specified in [1] for 5 reference frames with very low loss of encoding quality. Or the JM4.0c can be sped up to more than 8 times on average under the same conditions as above with lower loss of encoding quality. And the percentage of the computation payload of the IPME module in JM5.0 was reduced to about 2% for 1 reference frame. We propose to adopt it into the JVT reference software.
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								20		41.56		45.32		45.47		166.49		0:07:52		41.55		45.38		45.50		167.16		0:03:05		-0.40%						2.55
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		average																														-0.45%		-0.027		2.61
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