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Abstract— In this paper a new Joint Adaptive Block Matching 
Search (JABMS) algorithm is proposed to generate motion vector 
and search a best match macro block by classifying the motion vector 
movement based on prediction error. Diamond Search (DS) 
algorithm generates high estimation accuracy when motion vector is 
small and Adaptive Rood Pattern Search (ARPS) algorithm can 
handle large motion vector but is not very accurate. The proposed 
JABMS algorithm which is capable of considering both small and 
large motions gives improved estimation accuracy and the 
computational cost is reduced by 15.2 times compared with 
Exhaustive Search (ES) algorithm and is 1.3 times less compared 
with Diamond search algorithm.

Keywords— Adaptive rood pattern search, Block matching, 
Diamond search, Joint Adaptive search, Motion estimation. 

I. INTRODUCTION

HE limited channel bandwidth and stringent requirements 
of real-time video playback, video coding is an 

indispensable process for many visual communication 
applications and always requires very high compression ratio. 
Motion estimation is a key problem in video processing, video 
compression and computer vision. An effective and popular 
method to reduce the temporal redundancy, called block 
matching motion estimation (BMME), has been widely 
adopted in various video coding standards[1] like H.261,
H.263, MPEG1, MPEG2, MPEG4 and H.264. Due to the 
effectiveness and simplicity for implementation in 
software/hardware, BMME is used in many motion 
compensated video Codec. Therefore, fast and accurate block 
based search technique is highly desirable to assure much 
reduced processing delay, while maintaining good 
reconstructed image quality.

In video compression, successive video frames are similar 
except for changes induced by objects moving within the 
frames. In the trivial case of zero motion between frames, it is 
easy for the encoder to efficiently predict the current frame as 
a duplicate of the prediction frame. When this is done, the 
information is transmitted to the decoder to reconstruct the 
picture from the original reference frame. When there is a 
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motion in the images, the displacement of moving objects 
between successive frames will be estimated (motion 
estimation) first. The resulting motion information is then 
exploited in efficient inter-frame predictive coding (motion 
compensation). Consequently the prediction error is 
transmitted. The motion information also has to be transmitted 
to the decoder, which is able to estimate the motion field. An 
efficient representation of the motion is thus critical in order to 
reach high performance in video compression.

In the field of motion estimation (ME), many techniques 
have been proposed [1]-[6]. Basically ME techniques can be 
broadly classified as: gradient techniques, pixel-recursive 
techniques, block matching techniques and frequency-domain 
techniques. Among these four groups, block matching is 
particularly suitable in video compression schemes based on 
discrete cosine transform (DCT) such as those adopted by the 
recent standards H.261, H.263 and MPEG family[7]. The most 
commonly used block matching algorithm (BMA) is the Full 
search (FS)/Exhaustive search (ES), which exhaustively 
searches for the best matching block within the search window.
However, FS yields very high computational complexity and 
makes ME the main bottleneck in real-time video coding 
applications. In fast BMA using a fixed set of search patterns, 
the assumption is that, the matching error decreases 
monotonically as the search moves towards the position of the 
global minimum error [2] and the error surface is uni-modal as 
shown in Fig(1). The well known algorithms for this 
assumption are 2-D logarithmic search (2DLOG)[2], Three 
step search (TSS)[8], four-step search (4SS)[9], Block 

Fig.1 Uni-modal error surface with a global minimum error point. 

based gradient descent search (BBGDS)[10] and the Diamond 
search (DS)[11]. Due to simplicity and regularity, DS 
algorithm implementation is very simple. However they have 
less adaptability and search efficiency in tracking large 
motions. So, Adaptive rood pattern search (ARPS) is proposed 
in [12] to track large motions, with less number of 
computations by using zero motion prejudgment (ZMP) for the 
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reduction in the computation complexity.
In order to achieve accurate motion estimation for large and

small displacements, this paper proposes a new JABMS
algorithm, to generate both fast and slow motion vectors based 
on the prediction error. Organization of this paper is as 
follows: Section 2 discusses Methodology. Section 3 discusses
Simulation results and Conclusions are reflected in Section 4. 

II. METHODOLOGY

In HDTV applications, the movement of camera and images 
is rather large and it is necessary to use large scale search 
method to deal with such movements. But as for the field such 
as video telephone and videoconference, the movement of 
images is very small. So we need a method which can adapt by 
itself to different movements for proper compensation with 
less error and fewer computations. 

Hence in this paper we tried to generate a new block 
matching algorithm, which gives high estimation accuracy 
disregarding whether the motion vector (MV) is small or large, 
and the computation cost is not too much by adaptively 
choosing minimum sum of absolute difference (SAD) from 
Diamond search and ARPS algorithms. 

A. Diamond Search Algorithm.
The DS algorithm is summarized as below.

Step 1) The initial large diamond search pattern(LDSP) is 
centered at the origin of the search window, and the 9 checking
points of LDSP are tested. If the calculated minimum block 
difference (MBD) point is located at the center position, go to 
Step 3; otherwise, go to Step 2.

Step 2) The previous MBD point is re-positioned as the 
center point to form a new LDSP. If the new MBD point 
obtained is located at the center position, go to Step 3; 
otherwise, recursively repeat this step.

Step 3) Switch the search pattern from LDSP to small 
diamond search pattern (SDSP). The MBD point found in this 
step is the final solution of the motion vector which points to 
the best matching block.

The example for DS algorithm search pattern is as shown in 
Fig(2). The MBD point in each stage is shown with different 
color pixel. With DS search algorithm it is possible to estimate 
the motion vectors which are small. However it fails for large 
motions.

B. Adaptive Rood Pattern Search Algorithm.

ARPS algorithm make use of the fact that the general 
motion in a frame is usually coherent, i.e. if the macroblocks 
around the current macroblock moved in a particular direction 
then there is a high probability that the current macroblock will
also have a similar motion vector. In order to obtain an 
accurate motion vector prediction of the current block, two 
factors need to be considered: 1)choice of the  

Fig. 2. Search path example which leads to the motion vector(-4,-2) in five 
search steps-four times of LDSP and one time SDSP at the final step. There 
are 24 search points in total-taking nine, five, three, three, and four search 
points at each step, sequentially.

region of support (ROS) that consists of the neighboring 
blocks whose motion vectors will be used to calculate the 
predicted MV, and 2) Algorithm used for computing the 
predicted MV.

The ARPS algorithm is summarized as below.
Step 1: Compute the matching error (SADcentre) between the 

current block and the block at the same location in the 
reference frame (i.e., the center of the current search window). 

If
SADcentre < Threshold(T)
MVtarget= [0 0],

Stop;
else
if 

the current block is a leftmost boundary block,
Pattern Size( ) =2;

else
{|MVpredicted(x), MVpredicted(y)|}

Go to Step 2.
Step 2: Align the center of ARP with the center point of the

search window and check its four search points plus the 
position of the predicted MV to find out the current minimum 
matching error (MME) point.

Step 3: Set the center point of the unit-size rood pattern
(URP) at the MME point found in the previous step and check
its points. If the new MME point is not incurred at the center 
of the current URP, repeat this step; otherwise, the MV is 
found, corresponding to the MME point identified in this step.

An example for ARPS algorithm search pattern is as shown 
in Fig(3). Calculating the statistical average of MVs in the 
region of support (ROS) is a common practice to obtain the 
predicted MV. We used TypeD ROS in this algorithm. The 
Mean and median prediction have been tested in these 
experiments.

(a) (b) Type A Type B Type C Type D
Fig.3. (a) Adaptive Rood Pattern (b) Four types of ROS, depicted by the 
shaded blocks. The block marked by “o” is the current block.
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The main advantage of ARPS algorithm over DS is if the 
predicted motion vector is (0, 0), Then LDSP is skipped and 
search is started directly using SDSP. If the predicted motion 
vector is far away from the centre, then computations are 
minimized by jumping directly to predicted motion vector 
vicinity and then perform SDSP. Whereas time consumed by 
DS is relatively more by doing LDSP. 

C. Joint Adaptive block matching search algorithm.
In our proposed algorithm we adaptively choose both DS 

and ARPS techniques, which are well suited for small and 
large movements of motion pictures. In each macroblock of 
size NN × (i.e. 16 × 16) pixels in the current frame is 
compared with shifted regions of the same macroblock from 
the previous frame(reference) using Diamond search and 
Adaptive rood pattern search with Zero motion prejudgment 
(ZMP). To distinguish the static and motion blocks, a 
technique called Zero motion prejudgment[12] is 
implemented. The prejudgment is made by first computing the 
matching errors between the current block and the block at the 
same location in the reference frame (i.e., the candidate block 
corresponds to zero-MV) and comparing it with a 
predetermined threshold, T=512 for large movements. If the 
matching error is smaller then, the current block will be 
decided to be a static block without performing the remaining 
search.

The shift which results in a minimum error (minimum SAD)
is selected as the best match for that macroblock. After 
computing the prediction error, the motion vector which 
produces smaller error is used as the final motion estimation 
result. The motion compensated prediction frame is then 
formed from all the shifted regions from previous decoded 
frame. The flow diagram of our proposed algorithm is as in 
Fig (4). In this implementation, a checking bit-map (one bit for 
each macroblock) has been employed to record whether a 
search point under checking has already been examined 
before, so that duplicated checking computation can be 
avoided.

In most of the algorithms, the “best match” is found using 
various cost functions like Sum of Absolute Difference(SAD), 
Mean Absolute Difference(MAD) and Mean Square 
Error(MSE) as given in the equations (1), (2) and (3) 
respectively.
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Where NN × is the size of the macroblock,
],[ jiC and ],[ jiR are the pixels being compared in current

macroblock and reference macroblock respectively.

Fig.4 Flow diagram for proposed JABMS algorithm.

In this paper we consider SAD as cost function, and also 
calculate Peak-Signal to Noise ratio (PSNR) from Eq.4 as 
quality assessment for compensated frame.

III. SIMULATION RESULTS

In many visual communication applications such as video 
telephony, there is little motion between the adjacent frames. 
Hence, a large percentage of zero-motion blocks are 
encountered in such type of video sequences. Results of some 
typical test video sequences are documented in Table 1.

Note that the total number of static blocks per frame could 
be easily as high as more than 70% except in Foreman and 
Coastguard. Thus, significant additional reduction in 
computational cost is possible if we perform a zero-motion 
prejudgment(ZMP) at the beginning of ME. Further
investigations indicate that the average matching errors of 
these static blocks are much smaller than that of moving 
blocks. 

In order to evaluate the performance of Diamond Search, 
Full search and ARPS algorithm with the proposed JABMS 
algorithm, this paper consider two test sequences of size 
288 × 352 pixels. One is the “Claire” video sequence, which is
composed of small motions before a still background. Another 
is the “Tennis” video sequence, which is composed of a high 
speed moving objects. Fig. 5 and 6 shows the frame6 from the 
sequences. We consider 30 frames from each sequence to 
calculate Average Prediction error, Average PSNR and 

Use DS to find MVDS
and prediction error 
ErrDS

Use ARPS to find 
MVARPS and prediction 
error ErrARPS

ErrDS < ErrARPS

MV= MVDS MV= MVARPS

Compensate the frame 
using final MV

Macroblock n x n

Search (0,0)

Yes No

TABLE I
AVERAGE STATIC BLOCKS PER FRAME (AS PER FS METHOD)

Video and coding 
bitrate (Kbps)

Average Static Blocks 
Percentage per Frame

1 Akiyo (10) 93.29%
2 Container (10) 90.65%
3 Hallmonitor (10) 95.1%
4 Mom & Daughter (24) 80.3%
5 Silence (24) 78.69%
6 News (112) 84.6%
7 Tennis (1024) 70.4%
8 Coastguard (112) 17.2%
9 Foreman (1024) 37.4%
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Average computations (search points).

Fig.5 Claire Fig.6 Tennis sequence

From Table.2, The Average SAD of DS, ARPS, ES and the 
proposed JABMS algorithms for “Claire” and “Tennis” 
sequences shows clearly that the Average SAD of the 
proposed JABMS algorithm is nearly as small as the Full 
search  algorithm and the prediction error & differences are 
shown in Fig.7 and Fig.8 respectively.

(a) (b) (c) (d)

(e) (f) (g) (h)

Fig.7 (a) Reference frame (b) Current frame (c) Difference between Current   
and Reference frames (d) Prediction error (e)-(g) Difference for existing 
algorithms (h) Difference for our method.

(a) (b) (c) (d) 

(e) (f) (g) (h)

Fig.8 (a) Reference frame (b) Current frame (c) Difference between 
Current and Reference frames (d) Prediction error (e)-(g) Difference for 
existing algorithms (h) Difference for our method.

From Table.3, The sequence shows clearly that the prediction error
(MSE) of the proposed JABMS algorithm is less than the DS and 
ARPS search algorithms.

From Table.4, The sequence shows clearly that the Average 
PSNR of the proposed JABMS algorithm is nearly close to the 
Full search algorithm and better than DS and ARPS algorithm.

From Table.5, The sequence shows clearly that the Average 
Computations (Search points) of the proposed JABMS 
algorithm is less than the Diamond search and Full search 
algorithm.

IV. CONCLUSIONS

The paper shows that an efficient Joint adaptive block 
matching search algorithm can achieve improved accuracy, the 
computation cost is reduced by 15.2 times compared to 
Exhaustive Search, 1.3 times compared to Diamond Search 
and increased by 0.6 times compared to Adaptive Rood 
Pattern Search method. Our Average PSNR is very close to 
Exhaustive Search whereas the Average prediction error is less 
than Diamond Search and Adaptive Rood Pattern Search 
algorithms. Our method can be useful regardless of the motion 
vector being small or large.
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