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Abstract

A region based adaptive video processing scheme based on SAD of macro blocks is proposed in this proposal. Average SAD of all the blocks in this region is calculated for computing threshold value and thereafter this threshold value is used to adaptively select the search range. The proposed algorithm achieves 60% time reduction with negligible PSNR loss.
1 INTRODUCTION
In H.264 standard, only adjacent block’s motion vectors (left, upper left, upper, or upper right) which have already been obtained, are used to predict the current motion vector [1]. To effectively use with this concept, we can calculate their average SAD to set the search range for the current block. As real motion is unpredictable, it is more likely that the above prediction may fail as four adjacent blocks give too little information [2][3].  In this paper, we suggest to use a region of blocks for calculating average SAD for predicting window size for the current block. We went through statistically analyses by trying 2x2, 3x3, 4x4, and up to 8x8 blocks region. Fig.1 shows the shaded region, which represents the region of blocks (ROB). The average of the SADs of all the blocks in this region is calculated for computing threshold value.
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Fig1. Region of Block

2 Dynamic  Thresholding

In [4], the adaptive search range(ASR) is equated to the arithmetical average of all MVs in previous five reference frames. [5] also gives a conception of “optimum SR.” The existence of “optimum SR” is very unacceptable. In window size selection, the average SADs, (Avg_SAD) is obtained from the ROB is used to determine the threshold of adaptive search window size. After statistical analyses, we choose thresholds 1 = Avg_SAD and 2 = 1.2 Avg_SAD. Without lose of generality, the search window for any given block is chosen from three candidate search regions, i.e., ±32, ±16, and ±8 pixels. The proposed algorithm optimally varies the search window region. If SAD of a macroblock(SADMB)is less than the first threshold (1), the 1st window size (±8) is selected for the current frame. If SADMB is greater than the second threshold, 2, the 2nd window size is selected for the current frame similarly for the 3rd window size. 
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Fig 2. Adaptive window size selection scheme.
In summary, the determination could be stated as:

SADMB < 1,
                                   (1)
2 > SADMB > 1,
                     (2)

SADMB > 2,
                                  (3)
where SADMB the denotes the SAD of current macroblock.
If the continuous MB has fast motion, then Avg_SAD will become larger. If SADMB is higher than 1 and 2, the algorithm would force us to select a wider search range to capture the fast motion. If continuous MB has slow motion, then Avg_SAD will become smaller and eventually SADMB will be lesser than 1. As for as small motion are concern smaller search region is enough to capture the motion so in this case a smaller search region is chosen that would eventually reduce computation. When SADMB value is less then 1, Eq. (1) is satisfied and according to Flow 7 stated in Fig.2, a smaller search range is suggested. When SADMB is greater than 1 but less then 2 according to Flow 8, we then choose a medium size search range. When it is greater than 2, Flow 9 would occur. If the current search range is ±16 and calculated SADMB value is less than 1 , it eventually represent less motion and lesser window size of ± 8 will be chosen according to Flow 4.
2.1 Efficient Window Size Switch Over

To advance its adaptability, the proposed scheme can further switch over from one window size to another. The adaptability improves the proposed algorithm when the current macro block needs more search range than the current window size; we then switch over from smaller window size to bigger. Nevertheless, we will not search the region which is previously searched rather we just search the region that exist between the smaller window and current bigger window. In figure 3, for instance if  the current window size is ±16 and we didin’t obtained a sufficiently low SAD value, then we switch to a bigger window size (say 32) according to the adaptive thresholding but it is not necessary to compute ±16 region again rather  just compute region between ±16 and ±32.
Though we had done only for 3 search range we have simulated for up to four search ranges as in case of SDTV and HDTV larger window size is feasible.
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Fig.3. Search Range Switch
3 Over all algorithm

Fig.4 shows the flowchart of window size selection which could help to determine an adaptive window size sequentially based on the motion vector of previous frame. Initially, the average of SAD, is computed for the previous frame, if Avg_SAD is lesser than a first threshold 1, the smaller window size is selected for the current frame[4]. When the average SAD is greater than the first threshold 1, and lesser than 2 then medium window size chosen according to (8). If Avg_SAD is greater than the second threshold 2, the larger window size is selected for the current frame.  
When we have smaller motion within the frame larger search range is not chosen which also contributes in reducing computation. Refer section II, for choosing  threshold (
[image: image24.wmf]_

currentmacroblock


[image: image4]
4 Experimental Result and Conclusion

  The simulation is conducted on a P4 2.8 GHz personal computer with 512 MB RAM running Windows XP professional operating system with service pack 2. The reference encoder was modified to include the PAWSS method in it. It was written in C language, without any platform dependant optimizations, and compiled with VC++ Compiler version 6.0. CAVLC entropy coding scheme was selected for our simulation with RDO ON. Our simulation results shows that the proposed method reduces the encoding time significantly along with bitrate and thus  computation complexity drastically reduced and finds the motion vector quickly, which increases encoding speed. When we have smaller motion within the frame larger search range is not chosen which also contributes in reducing computation.  
The simulation is conducted in on JM 11[6] with delta PSNR for fair comparison based on [7]. Proposed scheme is compared with well know methods [8] and [9]. The adaptive search range selection scheme greatly reduces computational complexity while maintaining prediction integrity since most of the candidates can be quickly eliminated by having specific macro block as well as by having similar search range for correlated consecutive frames. Computation involved in finding threshold is very less and considerable amount of computation is also reduced by means of encoding time. This algorithm presented in this paper is more complete than the one in [10]. 
 
Where BRmethod and Tmethod are proposed birtate and time where as BRref and Tref are JM reference software bitrate and time. Two delta measurement parameters, ΔPSNR, ΔBitrate(BR) are defined in [7], are used to evaluate encoding performance and are tabulated in table I and II with different quantization parameter (28,32,36 and 40).Experiment was done for both QCIF and CIF sequences proposed method is compared with hexagonal search and JM method. Table I and Table II bring out the PSNR, bitrate and time comparisons between proposed method and hexagonal search and JM software .   The proposed scheme reduces the computation complexity of motion estimation by 60% with negligible PSNR degradation .
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Fig.3 Motion vector similarity of consecutive frames
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Fig 4. MB type (a) Inter (b) Intra
TABLE I. Experimental result comparison for CIF Sequences with Qp (28,32,36,40)
	Sequence
	[8]
	[9]
	Proposed

	
	ΔPSNR

[dB]
	ΔBR

[%]
	ΔTIME

[%]
	ΔPSNR

[dB]
	ΔBR

[%]
	ΔTIME

[%]
	ΔPSNR

[dB]
	ΔBR

[%]
	ΔTIME

[%]

	Foreman
	-0.200
	3.220
	-57.80
	-0.275
	4.121
	-62.00
	-0.167
	2.323
	-75.45

	Mobile
	-0.244
	3.162
	-59.32
	-0.191
	2.432
	-59.06
	-0.115
	1.800
	-74.25

	Tempete
	-0.240
	3.588
	-57.58
	-0.187
	3.121
	-60.52
	-0.169
	2.502
	-73.66

	Coastguard
	-0.241
	3.707
	-57.95
	-0.235
	3.064
	-62.66
	-0.206
	2.661
	-75.54

	Average
	-0.231
	3.419
	-58.16
	-0.222
	3.184
	-61.06
	-0.164
	2.321
	-74.72


TABLE II. Experimental result comparison for QCIF Sequences with Qp (28,32,36,40)

	Sequence
	[8]
	[9]
	Proposed

	
	ΔPSNR

[dB]
	ΔBR

[%]
	ΔTIME

[%]
	ΔPSNR

[dB]
	ΔBR

[%]
	ΔTIME

[%]
	ΔPSNR

[dB]
	ΔBR

[%]
	ΔTIME

[%]

	Foreman
	-0.271
	4.412
	-65.34
	-0.088
	1.678
	-69.89
	-0.213
	4.301
	-78.73

	Mobile
	-0.262
	3.676
	-56.12
	-0.284
	4.914
	-63.49
	-0.140
	2.809
	-78.88

	Paris
	-0.190
	3.535
	-64.18
	-0.161
	3.823
	-57.45
	-0.174
	3.800
	-75.72

	Silent
	-0.102
	2.378
	-52.11
	-0.202
	4.330
	-63.80
	-0.166
	2.932
	-76.91

	Average
	-0.206
	3.584
	-58.39
	-0.183
	3.931
	-63.35
	-0.183
	3.436
	-77.43
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Fig.4. Flow chart of adaptive window size selection
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