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Abstract— Block-matching motion estimation is an efficient 

algorithm for reducing the temporal redundancy in video 

coding. Many block matching algorithms have been devised 

to reduce the computational complexity without degrading 

quality. The most efficient hexagonal block search produces 

good quality of prediction among all analyzed algorithms. 

As video sequence consists of a series of frames. In order to 

compress the video for efficient storage and transmission, 

the temporal redundancy among adjacent frames must be 

exploited by motion estimation. We have proposed new 

approach for early termination based on threshold to avoid 

redundant calculation when the earlier obtained point is 

good enough. Significant speedup gain has been achieved 

over the current search algorithm while maintaining similar 

distortion performance. 
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I. INTRODUCTION 

Digital video application has become popular in mobile 

terminals. For the transmission of video and efficient storage 

of video in less memory, video compression is essential. For 

example if you are transmitting video over the internet, it is 

nearly impossible to transmit video in uncompressed format 

because of limited amount of available bandwidth.
[1]

 

Motion estimation is necessary for video 

Compression. The ultimate goal is to exploit temporal 

redundancy between adjacent frames.
[1]

.As a first step, the 

current frame is divided into smaller macro blocks, and then 

they are compared to corresponding macro blocks and its 

adjacent neighbours in previous or future frame. Cost in 

terms of Mean Absolute Difference (MAD) is calculated at 

each position in the search area and the macro block that 

results in least cost is the one that matches the closest to the 

current block. A vector is found which indicates the 

displacement of current block with respect to matching 

block in the reference frame. This vector is called motion 

vector. Motion vectors for each frame are calculated and the 

process of calculating motion vector is called motion 

Estimation.
[1][2] 

Motion estimation is a computationally 

complex process and it can consume up to 80% of the 

computing power of the encoder if the full search (FS) is 

used exhaustively for evaluation of all possible candidate 

blocks within the search window.
[1][2]

 

Many fast algorithms for motion estimation have 

been developed to overcome the computational complexity 

of full search. Among the several block matching techniques 

the Hexagonal Search requires less number of computations 

to obtain motion vector with bearable distortion. In 2012 

authors Chitaranjan Pradhan and Dipannita Adak presented 

one survey paper on existing motion estimation 

technique.
[14]

 

The most common block matching algorithms have 

been found state  the full search (FS) technique produces 

better quality image as it gives better performance in PSNR 

calculation, but takes larger number of search points; 

whereas, diamond search (DS) and hexagon-based search 

(HEXBS) algorithms take a few numbers of search points 

and also give similar PSNR as compared to Full Search. 

Among the existing Block Matching Algorithms, the 

Hexagonal search is quite popular and it is also 

recommended in H.264 due to its simplicity and 

effectiveness
 [8]

. As compared to other methods, Hexagonal 

Search requires less number of computations to obtain 

motion vector with bearable distortion. 

II. BLOCK MATCHING ALGORITHM 

Objects in the frame of video sequence move within frame 

to form corresponding objects in new subsequence. 

Generally, background of image remains the same. To find 

matching block, each Block of current frame is compared 

with past or future frame within a search area.
[3][4]

 

In Motioon estimation process, picture residue and 

a set of motion vectors are produced after motion 

estimation.  The following procedure is executed for each 

block in the current frame. 1. For the reference frame, a 

search area is defined for each block in the current frame. 

The search area is typically sized at 2 to 3 times the macro 

block size. Using the fact that the motion between 

consecutive frames is statistically small, the search range is 

confined to this area. After the search process, a best match 

will be found within the area. The best matching usually 

means having lowest energy in the sum of residual formed 

by subtracting the candidate block in search region from the 

current block located in current frame. The process of 

finding best match block by block is called block-based 

motion estimation. 2. When the best match is found, the 

motion vectors and  residues between the current block and 

reference block are computed. The process of getting the 

residues and motion -vectors is known as motion 

compensation. 3. The residues and motion vectors of best 

match are encoded by the transform unit and entropy unit 

and transmitted to the decoder side. 4. At decoder side, the 

process is reversed to reconstruct the original picture. In 

modern video coding standards, the reference frame can be a 

previous frame, a future frame or a combination of two or 

more previously coded frames. The number of reference 

frames need depends on the required accuracy. The more 

reference frames ref. by current block, the more accurate the 

prediction is.  

There are various cost functions, of which the most 

popular and less computationally expensive is Mean 

Absolute Difference (MAD) given by equation (i). Another 

cost function is Mean Squared Error (MSE) given by 

equation (ii) 

 
Where, N= size of macro block 
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ijC = pixel into current frame 

ijR = pixel into reference frame 

Peak-Signal-to-Noise-Ratio (PSNR) given by 

equation (iii) characterizes the motion compensated image 

that is created by using motion vectors and macro clocks 

from the reference frame. 
2

10

peak to peak value of original data
PSNR=10*log

MSE

 
 
 

  (iii) 

III. HEXAGONAL SEARCH 

Ideally, a circle-shaped search pattern with a uniform 

distribution of a minimum number of search points is 

desirable to achieve the fastest search speed. Each search 

point can be equally utilized with maximum efficiency. 

Referring to the diamond search pattern, we can see that the 

diamond shape is not approximate enough to a circle, which 

is just 90 degree rotation of a square. Consequently, a more 

circle approximated search pattern is expected in which a 

minimum number of search points are distributed uniformly. 

A hexagon based search pattern is depicted in Fig. 4.11. 

 Step 1: The large hexagon with seven checking points 

is formed at the center of a predefined search 

window.  Calculate the cost at each of the 7 points. 

 Step 2: If minimum cost is found to be at the center of 

the hexagon, move to step 5 otherwise proceed to step 

3. 

 Step 3: With the minimum cost point in the previous 

search step as the center, a new hexagon is formed. 

Three new candidate points are checked, and the 

minimum cost point is again identified. That is the 

new center. 

 
Fig. 1: hexagon search method

[8]
 

 Step 4: Repeat step 3 until you get the same center in 

two successive iterations. Then proceed to step 5. 

 Step 5: Switch the search pattern from large to small 

size of diamond.  Add 4 points around the new center 

and calculate the cost. The new minimum cost point 

is the final solution of the motion vector.
[8]

 

Consider the example shown in fig. 7. In the first 

step we have 1 center and 6 others check points. In the first 

iteration point (2,1) is winner so we added 3 more points 

around the winner node. In the 2
nd

 iteration point (2,3) is 

winner so we added 3 new points around it. In the 3
rd

 

iteration again the same point (2,3) is a winner so we 

switched from hexagon to SDSP and added 4 check points.  

And finally the point (1,3) is the winner. So motion vector 

for this macro block is.(1,3). 

IV. PROPOSED HEXAGONAL SEARCH 

Block matching algorithms have different no. of 

computations and PSNR values which gives different visual 

quality and no early termination is there in existing methods 

when quality is good enough, there is no need for further 

computations.  

Hexagonal Search is best among all the Block 

Matching Algorithms. As hexagonal search algorithm 

follows iteration until the same winner node comes twice. 

But it is not necessary to check the points when the earlier 

winning point is good enough. Therefore one threshold will 

be set for the early termination. After each iteration winner 

node will be compared with the threshold. If the winner 

node has error less than the threshold then no need to go for 

further computations, terminate the search process. And in 

this manner some computations can be saved for each search 

point. And that will lead to savings of lots of computation 

for the entire video. 

Step-1: calculate all things 

same as regular Hexagonal 

search

Step-2: using calucations of 

first frame, calculate 

average MAD per 

macroblock.

Step-3: Average Mad 

obtained in previous step is 

threshold for upcoming 

frames.

Step-4: from second frame 

onwards follow regular 

hexagonal search and 

compare mad(cost) of 

winner node after each 

step.

Cost<Threshold?

Perform next 

iteration and 

decide winner 

node.

Terminate search 

process.

YESNO

START

END

 
Fig. 2: Flowchart of Algorithm 

A. Steps of Algorithm: 

 Step-1: Calculate all things same as regular 

Hexagonal search.  
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 Step-2: Using calucations of first frame, calculate 

average MAD per macroblock.  

 Step-3: Average Mad obtained in previous step is 

threshold   for upcoming frames.  

 Step-4: from second frame onwards follow regular 

hexagonal  search and compare mad(cost) of winner 

node after each step.  

 Step-5: If satisfied then no need to go for further 

steps.  

 Winner of previous step is final motion vector.  

 Step-6: If not satisfied then perform next iteration and 

decide winner node. 

As we have discussed in earlier chapter, Hexagonal 

search is best Block matching algorithm among the existing 

methods. the hexagonal search method is repeated until we 

are getting same winner node in 2 successive iterations. But 

it is not compulsory to check the further search points when 

the winner node in previous step has  better quality. So  the 

concept of threshold is introduced. When MAD of winner 

node particular iterations is less than the threshold 

introduced than  no need to compute any further points. 

Videos have temporal redundancy. That is 

successive frames has almost same kind of data. goal was to 

exploit this temporal redundancy. Succesive frames will 

have almost same kind of properties. To calculate the 

threshold for the next frame we are calculating average 

MAD. And that is considered as the threshold for the next 

frame. There is no threshold applied for the first frame.  

For the first frame we will follow regular 

hexagonal search method. We will Calculate the threshold 

by calculating average MAD of current frame. That is 

passed as threshold of the second frame. And this process is 

repeated so on. That is average MAD of  second frame is 

threshold for third frame and so on. The threshold remains 

same for the entire frame. The large hexagon  is formed 

using seven checking points as per the regular hexagonal 

search. Calculate cost of each of the 7 points. If minimum 

cost is less than the threshold then end the procedure. 

Consider winner of previous step as a center and 

add more 3 points to form the hexagon. Calculate MAD at 

each point and find new winner. If the minimum cost is less 

than the threshold then end the procedure otherwise follow 

steps of regular hexagonal search 

Repeat above procedure until you get the same 

winner node in two successive iterations.  

V. SIMULATION RESULTS 

Block size of 16X16 and search window size of 7 has been 

used. Proposed approach have been tested with  standard 

video sequences “Caltrain” (400X352, 33 frames), “Garden” 

(240X352, 61 frames), “Football”( 240X352, 61 frames) 

which vary in motion. PSNR and number of computations 

required to obtain motion vector, are calculated for all video 

sequences considering frame difference as 2 between current 

frame and reference frame per macro block are calculated 

for each frame of video sequences. The results are shown 

below.  

 
Fig 3: Number of computations required in HS and MHS for 

video sequence caltrain 

 
Fig 4: PSNR achieved in HS and MHS for video sequence 

caltrain 

Fig 5:  Number of computations required in HS and MHS 

for video sequence garden 
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Fig 6: PSNR achieved in HS and MHS for video sequence 

garden 

 
Fig 7: Number of computations required in HS and MHS for 

video sequence football 

 
Fig 8: PSNR achieved in HS and MHS for video sequence 

football 

VI. CONCLUSION 

Proposed approach which will decide threshold for the 

Minimum absolute difference according to the motion and 

terminate automatically when the Minimum absolute 

difference is less than threshold. Significant speedup gain 

has been maintained with the current hexagon-based search 

algorithm and retains similar performance. The.proposed. 

approach performing fast.convergence search.performance 

as compared to existing.Hexagon Search. 

REFERENCES 

[1] M. Manikandan, P. Vijayakumar and N. Ramadass, 

“Motion estimation method for video compression - an 

overview”, Wireless and Optical Communications 

Networks, IFIP Intl’ Conference, pp. 5-11, 13 April 

2006. 

[2] X. Jing and L. P. Pui., “An efficient three-step search 

algorithm for block motion estimation.”IEEE 

Transactions on Multimedia, volume 6, 2004, pp. 435 – 

438. 

[3] R. Li, B. Zeng, and M. L. Liou, “A new three-step 

search algorithm for block motion estimation,” IEEE 

Transactions Circuits Syst. Video Technoolgy., volume 

4, Aug. 1994, pp. 438–442. 

[4] M.Ghanbari, “The Cross-Search Algorithm for Motion 

Estimation”, IEEE Transactions on Communications, 

Vol. 38, No. 7, July 1995. 

[5] L M Po and W. C. Ma, “A novel four-step search 

algorithm for fast block motion estimation”, IEEE 

Transactions Circuits System Video Technology, vol. 6, 

June 1996, pp. 313-317. 

[6] Shan Zhu and Kai-Kuang Ma. "A New Diamond Search 

Algorithm for Fast Block-Matching Motion 

Estimation," IEEE Transactions on Image Processing, 

Vol. 9, No. 2, pp.287-290, February 2000. 

[7] Chun-Ho Cheung, and Lai-Man Po, “A Novel Cross-

Diamond Search Algorithm for Fast Block Motion 

Estimation”, IEEE Transactions Circuits And Systems 

For Video Technology, vol 12., no.12,  December 2002, 

pp. 1168-1177. 

[8] Ce Zhu, Xiao Lin, and Lap-Pui Chau. "Hexagon-Based 

Search Patten for Fast Block Motion Estimation," IEEE 

Transactions on Circuits and Systems for Video 

Technology, Vol.12, No.5, May 2002,pp.349-355. 

[9] Ce Zhu, X. Lin, L. Chau, and L. M Po., “Enhance 

hexagonal search for fast block motion estimation”, 

IEEE Transactions on Circuits and Systems for Video 

Technology, 2004, pp.1210 - 1214. 

[10] L. Chau and Ce Zhu, “A Fast Octagon Based Search   

Algorithm for Motion Estimation”, Signal Processing, 

Volume 83 Issue 3, March 2003, pp.671-675. 

[11] Liang Yaling Liu Jing Du Minghui , , “A Cross 

Octagonal Search Algorithm For Fast Block Motion 

Estimation”, International Symposium on Intelligent 

Signal Processing and Communication Systems, 

December 13-16, 2005 Hong Kong, pp.357-360. 

[12] Zaynab Ahmed , Abir Jaafar Hussain and Dhiya Al-

Jumeily, “Fast Computations of Full Search Block 

Matching Motion Estimation (FCFS)”, ISBN: 978-1-

902560-25-0 © PGNet(2011). 

[13] S. Immanuel Alex Pandian, Dr.G. Josemin Bala and 

Becky Alma George, “A Study on Block Matching 

Algorithms for Motion Estimation”, International 

Journal on Computer Science and Engineering, Jan 

2011. 

[14] Chittranjan Pradhan and Dipannita Adak, “Survey on 

Block Matching Algorithms using Motion Estimation”, 

International Journal of Computer Applications (0975 – 

8887, Volume 46– No.16, May 2012,pp.6-10. 


