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ABSTRACT  

Motion estimation can effectively remove the time-domain redundancy in adjacent frames and greatly reduce the bit rate, 

so it is widely used in video coding and decoding standards. Motion estimation is also the most computationally 

intensive and time-consuming module in video coding, so the research on fast motion estimation algorithm has been a 

hot topic in the field of video coding. In this paper, an innovative parallel fast sub-pixel motion estimation algorithm is 

proposed for sub-pixel prediction in motion estimation. The algorithm obtains the optimal integer pixel prediction point 

and 8 adjacent integer pixel points by the integer pixel motion estimation, and uses the 5-parameter quadratic function to 

fit the residual surface function, and the half-pixel point with the smallest value of the surface function is taken as the 

optimal 1/2 pixel point. The optimal 1/2 pixel point and an integer pixel at a specific position are taken to infer a sub-

optimal 1/2 pixel point, and finally search for 12 1/4 pixel points around the optimal 1/2 pixel and sub-optimal 1/2 pixel 

to determine the optimal 1/4 pixel. Experimental result shows that, under the condition that the image coding quality is 

basically unchanged, the algorithm can significantly reduce the number of sub-pixel searched points, and effectively 

reduce the sub-pixel prediction time and computational complexity. 
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1. INTRODUCTION  

With the popularization of the Internet and the rapid development of multimedia technology, high-quality and high-

resolution video content, real-time video communication and efficient video production and sharing have increasingly 

become an important part of people's daily life. In order to transmit such a large amount of video data with high quality 

under the current limited bandwidth, the Video Coding Joint Collaboration Group (JCT-VC) has worked hard for several 

years to develop high efficiency video coding (HEVC), one of the most advanced video coding standards. In the HEVC 

standard, undoubtedly, motion estimation is the most important technique in removing time domain redundancy. Motion 

estimation is a process of obtaining motion vectors, where motion vectors (MV) refer to the displacement of the 

coordinates of the current block to be coded and the best matching block within a given search range in the reference 

video frame. With themotion estimation technique, only the motion vector and residual data (the difference between the 

current block to be coded and the predicted block) need to be transmitted, thereby greatly improving the coding 

efficiency. Motion estimation usually involves a two-step search: first, the optimal integer pixel MV is found in a given 

search window by integer pixel motion estimation; then, the fractional pixel motion estimation is used to search sub-

pixel points around the optimal integer pixel point. 

Although motion estimation can effectively improve coding efficiency, it also brings high consumption of hardware 

resource and time, especially hindering the development of portable terminals and real-time coding technology. Based 

on the above problems, some fast motion estimation algorithms have been proposed, such as the new three-step search 

method for the integer pixel motion estimation, the four-step search method, the UMHexagonS algorithm, etc., and some 

have been adopted into the HEVC standard. The algorithm for the sub-pixel motion estimation is classic hierarchical 

search method: first, traverse the optimal integer pixel and its surrounding  1/2 pixel points to get the optimal 1/2 pixel 

point, and then traverse the 1/2 optimal pixel and 8 surrounding 1/4 pixel points to get the optimal 1/4 pixel point. Fast 

integer pixel motion estimation has reduced the number of search points to less than 10. In contrast, the fractional-pixel 

motion uses a cascaded two-step search method to search at least 16 points. If a sub-pixel interpolation calculation is  
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added, then the complexity of fractional-pixel motion estimation (FME) is significantly higher than the integer pixel 

motion estimation (IME). [1] gives the ratio of the occupation time of each module of HEVC encoder, in which FME 

module accounts for 45.9%, while IME module only accounts for 18.3%. 

The reason why the above FME algorithm complexity is so high can be summarized into two points: one is the 

interpolation generation process of the sub-pixel values, and the other is the calculation and comparison process of the 

RDCost between the matching blocks. The direction of an optimized FME algorithm is to try to reduce the number of 

search points. In this paper, we propose a parallel fast fractional-pixel motion estimation algorithm that uses the optimal 

integer pixel point obtained by integer pixel motion estimation and its adjacent integer pixel points, and the quadratic 

function model with 5 parameters is used to estimate the fractional pixel position matching error, and the minimum value 

of the function is taken as the optimal 1/2 pixel point, and the optimal 1/2 pixel point and the integer pixel point of the 

specific position are used to infer a sub-optimal 1/2 pixel point, the last parallel one-time search determines the optimal 

1/4 pixel point from the 12 1/4 pixel points around the optimal 1/2 pixel and sub-optimal 1/2 pixel. 

The organization of this paper is as follows: the second section introduces the existing FME fast algorithm research. The 

third section details the proposed innovative fast algorithm. The fourth section gives a summary analysis of the 

experimental results of the algorithm. The fifth section summarizes the paper. 

 

2. RELATED LITERATURE 

[2] proposed a new fast half-pixel search algorithm PPHPS, which uses parabolic model to predict the optimal pixels, 

thus reducing 8 search points in FHPS (full half-pixel search) to 3 search points. 

[3] describes a 9-parameter quadric surface function, a 6-parameter quadric surface function and a 5-parameter quadric 

surface function. The quadric surface function is used to predict errors around the integer pixel accuracy MV, and the 

motion estimation accuracy is extended directly from the integer pixel accuracy to the sub-pixel accuracy. There is no 

interpolation process, which reduces the computational complexity. 

[4], [5] and [6] both use the 5-parameter quadric surface function to fit the error surface function of the sub-pixel 

position, and combine the specific search strategy to reduce the number of search points. [7] takes the 6-parameter 

quadric surface function to fit the error surface function of the sub-pixel position, to reduce the number of search points. 

In [8], firstly, the information of MV and MV of IME in AMVP is used to judge whether the current encoding region is 

static. FME is skipped directly in the static region, and 1/2 pixel and 1/4 pixel motion searches are carried out in the 

dynamic region using the direction adaptive search algorithm. 

[9] fits a simplified 3-parameter quadric surface function by the matching error of 25 integer pixel positions around the 

best integer point. The time is saved a lot with large performance loss.  

3. THE PROPOSED ALGORITHM 

3.1 Review of the matching residual model for FME  

In HEVC motion estimation,  is used as a measure of matching residuals:  

  (1) 

where SAD is the sum of absolute difference between the original block and the predictive block with respect to the 

motion vector ,  is the number of bits to code the MVD and λ is the Lagrange multiplier and is introduced to balance the 

importance between SAD and . SATD is used to replace SAD in FME. For simplification, we use SAD instead of 

RD_Cost as the matching residual function.  

  (2) 

p denotes an entire pixel or sub-pixel of the previously reconstructed frame, c denotes an integer pixel of the current 

frame, and denotes a luminance value of the pixel. 
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In principle, we call a pixel value acquired by each photosensitive element of the camera as an integral or real pixel. On 
the contrary, the sub-pixel must not be a pixel generated by the photosensitive element, and the sub-pixel value can only 
be obtained through the integral pixel interpolation. The method of sub-pixel interpolation is not unique. Different video 
coding and decoding standards give different interpolation methods. Take luminance interpolation as an example, H.264 
first obtains half-pixel points through a six-tap filter, and then obtains 1/4 pixel points by two-point linear interpolation. 
HEVC uses 8-tap filter based on discrete cosine transform to generate half-pixel points, and 7-tap filter based on discrete 
cosine transform to generate 1/4 pixel points. In digital image processing, linear interpolation is often used to interpolate 
the pixels. Using linear interpolation algorithm, we can get an approximate matching error model. As shown in Figure 1, 

let , ,  be any integral or sub-pixel point in the area surrounded by A to I, where is any value between  and , 

i.e. ,so can be obtained by linear interpolation through ,  points. 

  (3) 

 

Figure 1. Pixel points  (Solid circulars : Integer pixel points; Solid square: Integer pixel points or Sub-pixel points). 

                                                                                        (4) 

The convex function is defined as:  

                                                                                          (5) 

where is a real set. By observing the above two formulas, we can easily find that the SAD function is a convex function. We 

can use the following convex function to fit the SAD function. 

                                                                                                             (6) 

The matching error SAD of the five integer pixels B, D, E, F and H has been determined in the process of integer pixel 
search; therefore, we can use these five points to obtain five unknown parameters of the fitting function. 
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                                                                                                                                  (7) 

 

                                                                                                      (8) 

3.2 Proposed fast fractional-pixel search algorithm 

[4], [5], [6], [7] all choose to directly derive the first derivative of quadric surface function to obtain the extremum point, 

and directly regard the extremum point as the minimum point, which will cause great performance loss and time waste 

when the extremum point is the maximum point or saddle point. In this paper, the fitting function is used to replace SAD 

as the standard of error measurement, avoiding the process of finding the extreme point. 

1) Using the SAD fitting function to find the optimal half-pixel accuracy point: 

Assuming that the coordinates of the best integer pixel are (0,0), then the coordinates of the eight half-pixel points around 

the integer pixel are a combination of 1/2, -1/2 and 0, that is,  in Figure 2. Then the eight half-pixel 

points are substituted into the function (6) to obtain their SAD, and the point with the smallest SAD value is the best half-
pixel point. 

 

 
 

Figure 2. Integer pixel points  and Sub-pixel points (Solid circulars : Integer pixel points; Solid diamond: Sub-pixel points). 
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2) Determining sub-optimal half-pixel points:  

Other half-pixel points closest to the optimal half-pixel point are searched to select the sub-optimal half-pixel points. The 
selection rules for the sub-optimal half-pixel points are as follows: 

a) If the optimal half pixel point is (-0.5, 0.5), then the sub-optimal half pixel candidate point is the two points (-0.5, 

0), (0, 0.5) nearest to the optimal half pixel point. Then the SAD of the integer pixel B and D points nearest to the 

two candidate sub-optimal half pixel points is compared: if SAD(B) < SAD(D), the sub-optimal point is (0, 0.5); 

otherwise the sub-optimal point is (- 0.5,0).  

b) If the optimal half pixel point is (0, 0.5), the sub-optimal half pixel candidate point is the three points nearest to the 

optimal half pixel point (-0.5, 0.5), (0, 0), ( 0.5, 0.5), and then compare the SAD of the integer pixel A, B, and C 

points nearest to the three candidate suboptimal half-pixel points (the integer pixel point E does not participate in 

the comparison, because the SAD of the point must be lower than the other eight integer pixels.), the sub-optimal 

point is the half-pixel point corresponding to is the half-pixel point corresponding to the minimum of SAD (A), 

SAD (B) and SAD (C); the other cases are similar. 

3) Searching  for the optimal quarter pixel:  

Centered on the optimal half-pixel point, it has eight quarter-pixel points around it. With the sub-optimal half-pixel as 

the center, there are also eight quarter-pixel points around it. Among the eight quarter-pixel points around the sub-

optimal half-pixel point, three quarter-pixel points near the optimal half-pixel point coincide with three quarter-pixel 

points around the optimal half-pixel point, and three quarter-pixel points far from the optimal half-pixel point are not 

searched. 

So we can get a 4x3 region with 12 1/4 pixels, and search these 12 points once to get the best quarter of the pixels, as 

shown in the Figure 3. 

 
Figure 3. Illustration of  4x3 region with 12 1/4 pixels (Solid circulars : Integer pixel points; Solid diamond: 1/2 pixel points; 

Solid triangle: 1/4 pixel points). 
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4. EXPERIMENTAL RESULTS

The algorithm has been implemented in the HEVC reference software HM16.0. Detailed configuration is shown in 

TABLE I. In order to evaluate the performance of the algorithm, hierarchical search (HS) is chosen as the anchoring 

algorithm. In addition, the methods in [7] and [8] are selected as representative algorithms of fast sub-pixel ME and 

compared with our proposed algorithms. Proposed III algorithm in [7] is selected for implementation. We select 12 

sequences of five resolutions (from ClassA to ClassE) for testing. 

To evaluate the coding performance, BD-Rate is measured against the anchor. Time Saving (TS) of FME process is 

calculated compared with the original FME in HM16.0 as follows: 

 (9) 

where   and  denotes FME time consumptions of anchor and proposed models, 

respectively. 

From the experimental data in TABLE II, we can see that the performance loss of the proposed algorithm is only 0.33% 

compared with that of the reference software algorithm, and the time savings are as high as 31.48%. Compared with the 

algorithm in [7], the proposed algorithm has only three more search points, but the performance loss of the latter is as 

high as 1.26%, which is four times that of the former, the time saving of the latter is 47.66%, which is 1.5 times that of 

the former. Compared with the algorithm in [8], the proposed algorithm has four more search points, but the latter is a 

hierarchical search, that is, three 1/2 pixels are searched first, and then four 1/4 pixels are searched. The latter algorithm 

involves complex threshold updating operations, so the time saving of the latter is only 21.57%, which is 0.57 times of 

the former, while the performance loss is 0.81%, which is 2.4 times of the former. The proposed algorithm greatly saves 

coding time with almost no performance loss. 

Table 1. Test Condition. 

TEST CONDITIONS 

Max. CU size 64x64 

Max. CU depth 4 

QuantizationParameter(QP) 22,27,32,37 

Search Range [-64,64] 

Number of frames to be 

encoded 

100 

configuration Encoder_lowdelay_main 

Table 2. Coding Performance Of  Different Algorithms. 

Resolution Sequences 

Proposed algorithm 

vs.  Anchor 
[8] vs. Anchor [7] vs. Anchor

BD-Rate TS(%) BD-Rate TS(%) BD-Rate TS(%) 

Class A 
Traffic 0.50% 32.32 0.80% 22.13 1.80% 47.24 

PeopleOnStreet 0.40% 31.96 0.60% 22.97 1.60% 48.57 

Class B 

BasketballDrive 0.60% 32.86 0.30% 21.42 0.50% 46.6 

Cactus 0.20% 33.11 1.00% 17.66 0.20% 48.12 

BQTerrace 0.20% 32.5 1.60% 19.78 2.90% 47.54 

Class C 
BQMall 0.60% 30.28 0.90% 22.87 0.40% 48.28 

BasketballDrill 0.30% 30.07 0.80% 23.65 1.30% 46.32 

Class D 
BasketballPass 0.90% 31.93 1.60% 21.67 2.00% 49.05 

BlowingBubbles -0.10% 31.07 0.40% 21.05 1.10% 47.42 

Class E 

FourPeople 0.00% 30.94 0.60% 19.54 0.60% 48.03 

Johnny 0.30% 30.21 0.80% 22.52 1.40% 47.29 

KristenAndSara 0.10% 30.54 0.30% 23.59 1.30% 47.49 

AVG 0.33% 31.48 0.81% 21.57 1.26% 47.66 
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5. CONCLUSION

In this paper, a fast fractional pixel search algorithm based on quadratic surface matching error model is proposed. It 

removes the 1/2 pixel search process and only searches for 12 1/4 pixel search points at once. This greatly speeds up the 

process of fractional pixel motion estimation and is extremely easy to perform hardware parallel searches. The algorithm 

has almost negligible impact on image quality and bit rate. Compared with other fast algorithms, our proposed algorithm 

has higher prediction quality (only 0.33% performance loss) and comparable time savings (31.48% time savings).   
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