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1. Introduction
Hybrid coding framework is first successfully adopted in H.261 and after that various moving picture coding standards, such as MPEG-1, MPEG-2, H.263, MPEG-4 and JVT are all based on this framework. Motion estimation is the most important part inside hybrid coding framework in exploiting the high temporal redundancy between successive frames to improve video coding efficiency. And motion estimation is also the most time consuming part in the hybrid coding framework. 

Generally motion estimation is conducted into two steps: first is integer pel motion estimation; and the second is fractional pel motion estimation around the position obtained by the integer pel motion estimation (we name it the best integer pel position). For fractional pel motion estimation, 1/2-pel accuracy is frequently used (H.263, MPEG-1, MPEG-2, MPEG-4), higher resolution motion vector are adopted recently in MPEG-4 (1/4-pel accuracy)[1] and JVT (1/4, 1/8-pel accuracy)[2] to achieve more accurate motion description and higher compression efficiency.
Algorithms on fast motion estimation are always hot research spot, especially fast integer pel motion estimation has achieved much more attention because traditional fractional pel motion estimation (such as 1/2-pel) only take a very few proportion in the computation load of whole motion estimation. However, with the development of integer pel fast motion estimation algorithm and the decreasing of integer motion search points, computation load of fractional pel motion estimation becomes more and more comparable to that of integer case. For instance, some fast integer motion estimation algorithms have reduced the checking positions greatly, while current fractional pel motion estimation algorithm provided[2] needs at least 16 and 24 search points in 1/4-pel case and 1/8-pel case separately, even possesses a much higher proportion than integer pel motion estimation in some cases. Hence reducing the computation load for the fractional pel motion search is also necessary and significant.
We propose a fast integer pel and fractional pel motion estimation algorithm here, which are the modified versions of the proposal in Klagenfurt JVT-D069d2. Technical description and experimental results are given in the following sections.
2. Fast Integer pel motion estimation
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Fig.1 Hexagon Grid Search Pattern

Hexagon search pattern is used in our fast integer pel motion estimation algorithm, the six search points around the center can be described as a set: 
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And it is clear that when search_step is 1, the hexagon search pattern degenerates to diamond search pattern. 

Step 0: 
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Fig.2 Reference block location for prediction of fractional pel motion vectors
Predict the motion vector of the current block by median process of the neighboring blocks (as Fig.2 shows): 
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the predicted motion vector is (Pred_x, Pred_y). Some rules specify the predicted motion vector value has been defined in [2]: when block A lies outside the picture or GOB(Group of blocks) boundary, it is replaced by (0,0), when block C lies outside the picture or GOB boundary, it is replaced by motion vector of block D, when two blocks B and C lie outside, however, they are replaced by the motion vector of the third block. 

Step 1: 

 Choosing search_step according to Motion vectors of around MBs:

 If mv_a, mv_b and mv_c are all not available, search_step = 4;

 Else if two of mv_a, mv_b and mv_c are all not available, search_step = 2;

 Else search_step = 0;

 CostLayer[0]= CostLayer[-1] = 1<<20;
Step 2: Cost of the original search center (0, 0) and (Pred_x, Pred_y) are compared. The point with the minimum matching error is chosen as the search center, the search center is set as (min_x, min_y);

Step 3: Search around predicted motion vector (min_x, min_y):

step3a. 


   Mincost = Cost(min_x, min_y), s_index = 1; (Cost is the function which calculates the cost value)

Step3b.


Search 6 points in set: 
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, let Mincost be the minimum cost up to this point, store the minimum position as (curr_min_x, curr_min_y), and store the minimum cost in these 6 points as CostLayer[s_index];
Step3c. 


s_index ++, 

If points in 
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 is outside the search_range, goto step3d;

If CostLayer[s_index] > CostLayer[s_index-1] and CostLayer[s_index] > CostLayer[s_index-2], goto step3d;

goto step3b;    


step3d:



search_step -= 2;

 

If search_step < 0 

goto Step 4

Else  

(min_x, min_y) = (curr_min_x,curr_min_y);

s_index = 1;

goto step3b.

Step 4: 
Search around best location (curr_min_x, curr_min_y):



s_index = 1;

   

min_x = curr_min_x, min_y = curr_min_y;


Step4a:

Search 4 points in set: 
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, let Mincost be the minimum cost up to this point, store the minimum position as (curr_min_x, curr_min_y). Store the minimum cost in these 4 points as CostLayer[s_index], and update (min_x, min_y) by the minimum cost point in 
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Step4b:



s_index ++, 

If points in 
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 is outside the search_range, goto Step5;

If CostLayer[s_index] > CostLayer[s_index-1] and CostLayer[s_index] > CostLayer[s_index-2], goto Step5;

goto step4a;    
Step 5:


  
The motion vector is chosen according to (curr_min_x, curr_min_y)
3. fast fractional pel motion estiamtion

We proposed a Center Biased Fractional Pel Search (CBFPS) algorithm for fast fractional pel motion estimation. Using formula (1), 
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 here is defined as the fractional pel unit, so it includes the information of predicted integer pel motion vector and predicted fractional pel motion vector. Therefore we could extract the predicted fractional pel motion vector by using this formula: 
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where 
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 is the integer pel motion vector of block E, and here 
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 is also in fractional pel unit, % is the mode operation,
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 in 1/4-pel case and 
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 in 1/8-pel case. 

Fig.3 illustrates the implementation of CBFPS algorithm, the whole algorithm can be described in following steps:

Step 1. Predict the motion vector of the current block by equation (1) and (2), the predicted motion vector is (Pred_x, Pred_y);

Step 2. Cost of the original search center (0, 0) and (Pred_x, Pred_y) are compared. The point with the minimum matching error is chosen as the search center;
Step 3. If the MBD (Minimum Block Distortion) point is located at the center, go to step 4; otherwise choose the MBD point in this step as the center of next search, then iterate this search step;

Step 4. Choose the MBD point as the motion vector. 
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Fig.3 Implementation of CBFPS algorithm
4. Experimental results
   The Fast Integer and Fractional Pel motion estimation algorithm has been tested with several sequences, resolutions, frame rates, and bit rates. In order to evaluate MV encoding saving, the following calculation is defined;
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Also, the test condition is

MV Resolution: 1/4 pel or 1/8-pel

Number Reference Frames: 1 or 5

Slice Mode: not used

Symbol Mode: UVLC or CABAC

Input Search Range: 32

RD Optimization: used

Loop Filter: used
Seven Modes are chosen for Inter block search 

Hadamard Transform is used
Plat-form used:

Pentium IV-1.6 GHz

512 MB RAM

Detailed performance comparison is in JVT-E045.xls. The results show that encoding time is dramatically reduced as much as more than 80% without significant loss in visual quality. We propose to add this fast method into test model to save simulation time.
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