
































 
 

 

 

 

CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 INTRODUCTION 

 

To achieve high compression ratio in video coding, a technique known as Block 

Matching Motion Estimation (BMME) has been widely adopted in various coding 

standards. This technique is implemented conventionally by exhaustively testing all the 

candidate blocks within the search window. This type of implementation, called Full 

Search (FS) Algorithm, gives the optimum solution. However, substantial amount of 

computational workload is required in this algorithm. To overcome this drawback, many 

fast Block Matching Algorithms (BMA‟s) have been proposed and developed. Different 

search patterns and strategies are exploited in these algorithms in order to find the 

optimum motion vector with minimal number of required search points. 
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1.2 PROBLEM STATEMENT 

 

Motion Estimation (ME) is a key problem in image and video processing. Optical flow 

ME can achieve high estimation accuracy when motion vector is small while FS 

algorithm can handle large motion vector but not very accurate. It is the simplest BMA 

technique that can be implemented into compression. However, it has a disadvantage in 

which a high amount of computational work is required. Therefore, to overcome this 

disadvantage, a new algorithm called New Cross Diamond Search (NCDS) is proposed 

to maintain the accuracy and precision of the compression video coding technique. 
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1.3 OBJECTIVE 

 

The main objective of this project is to implement NCDS algorithm to solve FS 

algorithms‟ problem. This implement will be done using MATLAB software. 

 

Other objectives of this project are:  

a) To make comparison of NCDS algorithm performance to other common BMAs. 

b) To produce a working program code for the algorithm. 
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1.4 WORK SCOPE 

 

The project has 3 distinct scopes which are: 

a) Background Study: 

Further readings and studies on video or image compression, ME, BMA and NCDS 

Algorithm are required to ensure sound understanding and knowledge is gained for 

implementation of the project. 

 

b) Implementation of the NCDS algorithm using MATLAB. 

The proposed algorithm is implemented and simulated using MATLAB. 

 

c) Performance Analysis 

The performance of NCDS algorithm is compared with existing fast BMME 

algorithms in terms of peak signal-to-noise ratio (PSNR), number of search point 

required and computational complexity. 
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CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 MOTION ESTIMATION [1][2][3] 

 

ME is a process to estimate the current frame from reference frame(s). The basic 

premise of ME is that in most cases, consecutive video frames will be similar except for 

changes induced by objects moving within the frames. ME can be done using the block 

matching technique which exploit different search patterns and search strategies for 

finding the optimum motion vector for particular ME which reduced the number of 

search points. It efficiently removes the temporal redundancy between successive frames. 

Block-based ME is the most practical approach to obtain motion compensated prediction 

frames. It divides frames into equally sized rectangular blocks and finds out the 

displacement of the best-matched block from previous frame as the motion vector to the 

block in the current frame within a search window. 
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2.2 BLOCK MATCHING ALGORITHM [4] 

 

In the fast BMAs, a search pattern with different shape and size has significant impact 

on the efficiency and effectiveness of the search results. BMA are based on the matching 

of macroblocks (MB) between two ME subnetwork images. Block distortions (or block-

matching errors) form an error surface over the search window, and the global minimum 

point corresponds to the motion vector where the best matching (or the least error) 

incurs. There are various cost functions, of which the most popular and less 

computationally expensive is Mean Absolute Difference (MAD) given by (2.1). Another 

cost function is Mean Squared Error (MSE) given by (2.2). 
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The block-matching algorithm compares two l6 x 16 blocks of memory by 

accumulating either a Sum of Absolute Error (SAE), which gives similar performance of 

using MSE, but with much lesser computations. Suppose the block size is N x N. The 

SAE or distortion, D of a block located at (x, y) in current frame, Ft matched against the 

block with a displacement (u, v) from (x, y) in previous frame Ft-1 is defined as 

                          𝐷 = 𝑆𝐴𝐸 𝑥,𝑦  𝑢, 𝑣  

    =   |𝐹𝑡 𝑥 + 𝑖, 𝑦 + 𝑗 − 𝐹𝑡−1 𝑥 + 𝑖 + 𝑢, 𝑦 + 𝑗 + 𝑣 |

𝑁−1

𝑗=0

𝑁−1
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Where Ft(. , .) and Ft-1 (. , .) denote the pixel value in current and previous frame , 

respectively, while (x , y ) represents the coordinates of the upper left comer pixel of the 

current block, and ( u , v) is the displacement relative to current block located at (x, y). 

The basic operations of computing SAE are absolute (|.|) and addition (±) operations, 

and require about (3N2 - 1) operations per Block Distortion Measure (BDM) 

 

 

2.3 THREE STEP SEARCH ALGORITHM [5] 

 

TSS algorithm is one of the first non full search algorithm which use three steps. It is 

mainly used for real time video compression with low bit rate video application such as 

video conferencing and videophone. Figure 2.1 illustrates an example of TSS algorithm. 

The search starts with a step size equal to or slightly larger than half of the maximum 

search range. In each step, nine search points are compared. They consist of the central 

point of the square search and eight search points located on the search area boundaries 

as shown in Figure 2.1. The step size is reduced by half after each step, and the search 

ends with the step size of one pixel. This search proceeds by moving the search area 

center to the best matching point in the previous step. We need three search steps for a 

maximum search range between 8 and 15 pixels.  
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Figure 2.1: TSS Algorithm [4] 

 

 

2.4 HEXAGON BASED SEARCH ALGORITHM [6] 

 

HEXBS algorithm uses the hexagonal pattern; with the designed hexagonal pattern, we 

develop the search procedure is developed as follows. In the first step, the large 

hexagonal pattern with 7 check points is used for search. If the optimum is found at the 

center, the search switches to the shrunk hexagonal pattern including 4 check points for 

the focused inner search. Otherwise, the search continues around the point with 

Minimum Block Distortion (MBD) using the same large hexagonal pattern. Note that 

while the large hexagonal pattern moves along the direction of decreasing distortion, 

only 3 new non-overlapped check points will be evaluated as candidates each time. 

 

Step 1: The large hexagon with 7 search points is centered at (0,0), the center of a 

predefined search window in the motion field. If the minimum MBD point is found at 

the center of the hexagon, proceed to Step 3; otherwise, proceed to Step 2. 
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