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Abstract
Dynamic Search Range (or Motion Search Range Decision [1] [2] [3]) is adopted in previous JVT meetings. The purpose of this submission is to give a slight modification to the original technique, which could accelerate the motion search process by 13% on average (compared with Fast Full Search) and has very little influence on R-D performance. What’s more, the proposed modification is fit for the current software structure and more stable in concern with PSNR than the original one (PSNR loss is 0.016 dB on average compared with Fast Full Search). In addition, this modification version is very easy to combine with any other Motion Estimation algorithms in JM, i.e. Full Search, Fast Full Search, and Fast Motion Estimation Algorithms [4] [5] [6].

1. Introduction

Motion Estimation (ME for short) is a hot issue for a long time during the standardization of JVT. Many fast algorithms were proposed with different search patterns to reduce the Motion Estimation time during the encoding process. Dramatic efforts have been done to achieve faster ME speed while the image quality could remain almost the same as Full Search (FS for short) or Fast Full Search (FFS for short) do. However, these algorithms mainly focused their attention on how to omit inessential search points between the predicted search centre and the edges of the given search window. In the previous JVT meetings, a novel strategy was proposed to reduce the search window size according to the Motion Vector information of the adjacent previous coded block[1][2][3]. 
2. Review of Dynamic Search Range Technique

As is shown in Fig 1, block E is current macro-block under Motion Estimation and the neighborhood 4x4 block is A, B, C and D.   
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Fig 1: Reference block location for search range decision
Also, we assume that motion vectors of A, B, and C are (MV_A_x, MV_A_y), (MV_B_x, MV_B_y), and (MV_C_x, MV_C_y), and input search range is defined as input_search_range. With the condition, a new search range decision is determined as following steps; [3]

1. step 1: check the number of neighboring 4(4 blocks. If the number of available neighboring blocks is more than 1, go to step 2, otherwise go to step 4.

2. step 2: from the given motion vectors of neighboring blocks, determine the local maximum absolute horizontal and vertical component value of motion vector, respectively. It is
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If a neighboring block is not available, ‘0’ is assigned to a vector component. 

3. step 3: determine a local statistics of the neighboring blocks. The statistics is written as
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where local statistics, 
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4. step 4: The proposed algorithm has a constraint such in a way that the maximum search range is subject to input search range, and therefore, the motion search range is constrained as
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when the number of the available neighboring blocks is more than 1. Otherwise, the ‘new_search_range_i’ is defined as
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3. Proposed Modification on DSR

There are three minor disadvantages for the previous method: 
1:  The method gave out new_search_range_x and new_search_range_y for reduction of search window size, which originally has only one value----search_range. This brings extra changes for the reference software, which has become more and more complicated since JVT meeting started.

2:  New search range is given at macroblock level and motion search is given in block level, which requires a search range input every time.

3:  The previous method is relatively not effective when there are strong local motion (say Foreman and Paris, see JVT-D117.xls for detail), PSNR loss of these strong motions is close to 0.1 dB, which is considered as a threshold evaluating image quality for a fast algorithm. We should notice that Dynamic Search Range (DSR for short) itself should be combined with other fast ME algorithm and the overall PSNR loss can not be more than 0.1 dB. So a better and more stable R-D performance of DSR is required.
The motivation of this proposal is to modify the technique of [1][2][3] and let them be easily added into the current JM platform. We propose the following changes based on the previously adopted proposals:

 1)   Only one new search range instead of two is used. We define  
new_search_range =max (new_search_range_x, new_search_range_y);
 2)   New motion search range is decided at block level instead of macroblock level;

 3)   If block C is not available, it is replaced by block D at upper-left position.
We use the larger size of the two new search range components to prevent omitting irregular motion and the result proves that it has a better R-D performance. The decision made in block level could be more adaptive from one block to another within the same macroblock.

4. Experiment result

We implement DSR algorithm into the current reference software (JM10.1) and give several test on the following conditions:

Table 1: Main test conditions
	GOP structure
	IPPP
	

	QP
	8/18/28/38
	

	NumberReferenceFrames
	2
	

	SearchRange
	32
	

	DisableSubpelME
	on
	

	Sequence Size
	qcif
	

	RDOptimization
	on(1)
	

	FrameSkip
	container_qcif
	2

	
	news_qcif
	2

	
	foreman_qcif
	2

	
	silent_qcif
	1

	
	paris_cif
	1

	
	mobile_cif
	0

	
	tempete_cif
	0


The test sequence set is acquired from recommended Simulation Common Conditions [7], and we get average results as follows:


	Table 2: Test results compared with FFS
　
	Total Time of Enc. Saved
	Time saved for Integer-Pel ME
	Fast ME aver. Bitrate increase
	Fast ME aver. dB loss
	Worst case Bitrate increase
	Worst case PSNR loss (dB)

	FFS+dsr  vs FFS
	8.30%
	13.00%
	0.27%
	0.016 
	0.42%
	0.022 

	FME+dsr  vs FFS
	61.88%
	94.24%
	0.57%
	0.035 
	1.42%
	0.086 

	SFME+dsr vs FFS
	63.13%
	96.37%
	1.34%
	0.084 
	3.22%
	0.202 

	EPZS+dsr vs FFS
	61.89%
	94.58%
	0.57%
	0.034 
	0.81%
	0.048 


Table 3: Test results compared with Fast ME algorithms
	　
	Total Time of Enc. Saved
	Time saved for Integer-Pel ME
	Fast ME aver. Bitrate increase
	Fast ME aver. dB loss
	Worst case Bitrate increase
	Worst case PSNR loss (dB)

	FFS+dsr  vs FFS
	8.30%
	13.00%
	0.27%
	0.016 
	0.42%
	0.022 

	FME +dsr vs FME
	4.73%
	30.17%
	0.14%
	0.007 
	0.31%
	0.017 

	SFME+dsr vs SFME
	1.48%
	12.15%
	0.31%
	0.018 
	0.60%
	0.032 

	EPZS+dsr vs EPZS
	1.43%
	8.45%
	0.17%
	0.009 
	0.36%
	0.021 


Where FME stands for Fast Motion Estimation (JVT-F017 and JVT-G016), SFME stands for Simplified FME (JVT-P021), EPZS stands for Enhanced Predictive Zonal Search (JVT-P026), “dsr” stands for Dynamic Search Range, “+dsr” means DSR is combined with other fast algorithms. And Fast ME means FME, SFME or EPZS. For more details, please see the JVT-Q088.xls document.

5. Conclusion

We propose a Dynamic Search Range strategy, which is based on the previous adopted JVT proposals [1][2][3]. With the modification we submit, we get a large speed up of ME process while keeping the image quality almost as the same. This algorithm is very easy to be implemented and when combined with other fast ME algorithm, the performance is also great (both for PSNR loss and speed up). We propose to add the proposed DSR into JM software and into encoder text.
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