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Abstract--- Block matching motion estimation is a key 

Component in video compression because of its high 

computational complexity. The process of motion estimation 

has become a bottleneck problem in many video 

applications. Applications include HDTV, multimedia 

communications, video conferencing, etc. Motion estimation 

is a useful in estimating the motion of any object. Motion 

estimation has been conventionally used in the application 

of video encoding but nowadays researchers from various 

fields other than video encoding are turning towards motion 

estimation to solve various real life problems in their 

respective fields. In this paper, we present a review of block 

matching based motion estimation algorithms, reduced 

complexity of motion estimation techniques and a 

comparative study across all different algorithms. Also the 

aim of this study is to provide the reader with a feel of the 

relative performance of the algorithms, with particular 

attention to the important trade-off between computational 

complexity, prediction quality, result quality and other 

various applications 

Key Words :- Fixed size block motion estimation 

(FSBME), Block-based motion estimation (BBME), Peak-

Signal-to-Noise-Ratio (PSNR), Hybrid block matching 
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I. INTRODUCTION 

In block motion compensated video coding; first image 

frames are divided into square blocks (FIXED SIZE). The 

next step is  apply a three-step procedure, consisting of 

Motion Detection, Motion Estimation and Motion 

Compensation. 

Motion detection is used for classifying blocks as 

moving or non-moving based on a predefined distance or 

similarity measure. This similarity measure is usually done 

by MSE (minimum mean square error) criteria or minimum 

SAD (sum of absolute different) criteria. The output of the 

motion-estimation algorithm comprises the motion vector 

for each block, and the pixel value differences between the 

blocks in the current frame and the “matched” blocks in the 

reference frame. We call this difference signal the motion 

compensation error, or simply block error. Many techniques 

have been proposed for motion estimation for video 

compression so far. All the methods are proposed keeping 

any one or more of the three directions aimed that 

1.reducing computational complexity 2.representing true 

motion (proving good quality) 3.reducing bit rate(high 

compression ratio).[5] 

II. MOTION ESTIMATION 

In general, we speak of motion of objects in 3-D real world. 

    In this section, we are concerned with the 

"projected motion" of 3-D objects onto 2-D plane of an 

imaging sensor. By motion estimation, we mean the 

estimation of the displacement (Or velocity) of image 

structures from one frame to another in a timesequence of 2-

D images 

 
Fig. 1: The 2-D displacement of the pixel located at point p 

from frame at time t to frame at time t +d t. 

Block matching algorithms used for motion 

estimation in video compression. It implements and 

compares various different types of block matching 

algorithms that range from the very basic Exhaustive Search 

to the recent fast adaptive algorithms like Adaptive Rood 

Pattern Search. The algorithms that are evaluated in this 

paper are widely accepted by the video compressing 

community and have been used in implementing various 

standards, ranging from MPEG1 / H.261 to MPEG4 / H.263. 

With the advent of the multimedia age and the spread of 

Internet, video storage on CD/DVD and streaming video has 

been gaining a lot of popularity. The ISO Moving Picture 

Experts Group (MPEG) video coding standards pertain 

towards compressed video storage on physical media like 

CD/DVD.[10] 

III. BLOCK MATCHING ALGORITHMS 

The underlying supposition behind estimation is that 

patterns corresponding to objects and background in a frame 

of video sequence move within the frame to form 

corresponding objects on the subsequent frame. The idea 

behind block matching is to divide the current frame into a 

matrix of ‘macro blocks’ that are then compared with 

corresponding block and its adjacent neighbors in the 

previous frame to create a vector that stipulates the 

movement of a macro block from one location to another in 

the previous frame. This movement calculated for all the 

macro blocks comprising a frame, constitutes the motion 

estimated in the current frame. The matching of one macro 

block with another is based on the output of a cost function. 

The macro block that results in the least cost is the one that 

matches the closest to current block.  
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Fig. 2: [10] General diagram of MPEG / H.26x video 

compression process 

  Exhaustive Search (ES) A.

This algorithm known as Full Search, is the  most 

computationally expensive algorithm of all. This algorithm 

calculates the cost function at each possible location in the 

search window. As a result of which it finds the best 

possible  

match and gives the highest PSNR amongst any 

block matching algorithm. Fast block matching algorithms 

try to achieve the same PSNR doing as little computation as 

possible. The obvious disadvantage to ES is that the larger 

the search window gets the more computations it requires. 

 Three Step Search (TSS) B.

This is one of the earliest attempts at fast block matching 

algorithms and dates back to mid-1980s. It starts with the 

search location at the center and sets the ‘step size’ S = 4, 

for a usual search parameter value of 7. It then searches at 

eight locations +/- S pixels around location (0, 0). From 

these nine locations searched so far it picks the one giving 

least cost and makes it the new search origin. It then sets the 

new step size S = S/2, and repeats similar search for two 

more iterations until S = 1. At that point it finds the location 

with the least cost function and the macro block at that 

location is the best match. The calculated motion vector is 

then saved for transmission. It 

Gives a flat reduction in computation by a factor of 9.  

 Four step search and diamond search C.

DS algorithm is exactly the same as 4SS, but the search 

point pattern is changed from a square to a diamond, and 

there is no limit on the number of steps that the algorithm 

can take. DS uses two different types of fixed patterns, one 

is Large Diamond Search Pattern (LDSP) and the other is 

Small Diamond Search Pattern (SDSP).  Just like in FSS, 

the first step uses LDSP and if the least weight is at the 

center location we jump to fourth step. The consequent 

steps, except the last step, are also similar and use LDSP, 

The last step uses SDSP around the new search origin and 

the location with the least weight is the best match. As the 

search pattern is neither too small nor too big and the fact 

that there is no limit to the number of steps, this algorithm 

can find global minimum very accurately. The end result 

should see a PSNR close to that of ES while computational 

expense should be significantly less. 

 
Fig. 3: four step search 

 
Fig. 4: diamond search 

 Adaptive Rood Pattern Search (ARPS) D.

ARPS algorithm makes use of the fact that the general 

motion in a frame is usually coherent, i.e. if the macro 

blocks around the current macro block moved in a particular 

direction then there is a high probability that the current 

macro block will also have a similar motion vector. This 

algorithm uses the motion vector of the macro block to its 

immediate left to predict its own motion vector M. The 

predicted motion vector points to (3, -2). In addition to 

checking the location pointed by the predicted motion 

vector, it also checks at a rood pattern distributed points, 

where they are at a step size of S = Max (|X|, |Y|). X and Y 

are the x-coordinate and y-coordinate of the predicted 

motion vector. This rood pattern search is always the first 

step. It directly puts the search in an area where there is a 

high probability of finding a good matching block. The 

point that has the least weight becomes the origin for 

subsequent search steps, and the search pattern is changed to 

SDSP.  
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Fig. 5: Adaptive Root Pattern 

IV. RESULT ANALYSIS 

 

Fig. 6:  

V. CONCLUSION 

Block matching techniques are the most popular andefficient 

of the various motion estimation techniques. This paper first 

describes the motion compensation based video 

compression in brief. It then illustrates and simulates 7 of 

the most popular block matching algorithms, with their 

comparative study at the end. Three more, very recent, block 

matching algorithms are studied in the end as part of 

literature review. Of the various algorithms studied or 

simulated during the course of this final project ARPS turns 

out to be the best block matching algorithm. 
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