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A New Predictive Search Area Approach for
Fast Block Motion Estimation
Kuo-Liang Chung, Senior Member, IEEE,and Lung-Chun Chang

Abstract—According to the observation on the distribution of
motion differentials among the motion vector of any block and
those of its four neighboring blocks from six real video sequences,
this paper presents a new predictive search area approach for fast
block motion estimation. Employing our proposed simple predic-
tive search area approach into the full search (FS) algorithm, our
improved FS algorithm leads to 93.83% average execution-time
improvement ratio, but only has a small estimation accuracy
degradation. We also investigate the advantages of computation
and estimation accuracy of our improved FS algorithm when
compared to the edge-based search algorithm currently published
by Chan and Siu; experimental results reveal that our improved
FS algorithm has 74.33% average execution-time improvement
ratio and has a higher estimation accuracy. Finally, we further
compare the performance among our improved FS algorithm, the
three-step search algorithm, and the block-based gradient descent
search algorithm.

Index Terms—Block matching, estimation accuracy, full search
algorithm, motion estimation, search area determination, search
window.

I. INTRODUCTION

M OTION estimation plays an important role in video
coding [13], [11], [9]. The block matching algorithm

is widely used in motion estimation. In the block matching
algorithm, the encoder first divides the current image frame
into many fixed-size blocks, and the motion vector for each
current block, say , with size , where , is
determined by finding the best matching reference block in
the reference image frame according to the defined matching
criterion. For example, is selected as 16. Commonly, for the
current block to find the best matching block, a search window
of size is used to confine the search
range in the reference image frame. For example,is selected
as 16. Throughout this paper, the matching criterion used is the
accumulated absolute difference (AAD) which is defined by

AAD (1)

for , where denotes the gray level
of the pixel at position of the current block in the current
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image frame and denotes the gray level of
the pixel at position of the reference block in
the reference image frame. By (1), the best matching reference
block within the search window is the found block with the min-
imal AAD .

The full search (FS) algorithm is the most simple block
matching algorithm for finding the best matching block among
all the possible search positions in the search window. Al-
though the FS algorithm can indeed obtain the global optimal
result, however it is much time-consuming. Therefore, many
efficient block matching algorithms have been developed, for
example, the one-dimensional search algorithm [2], the two-
step search algorithm [3], the cross-search algorithm [4], the
two-dimensional logarithmic search algorithm [6], the three-
step search (TSS) algorithm [7], the block-based gradient
descent search (BBGDS) algorithm [8], the four-step search
algorithm [10], the conjugate directional search algorithm [12],
and the edge-assisted search (EAS) algorithm [1]. Among these
developed block matching algorithms, many different kinds of
techniques have been proposed to reduce the computational
time as much as possible, and make the estimation accuracy
degradation as least as possible.

In this paper, according to the observation on the statistical
distribution of motion differentials among the motion vector of
any block and those of its four neighboring blocks from six real
video sequences, we present a new predictive search area ap-
proach for fast block motion estimation. Employing our pro-
posed predictive search area approach into the full search (FS)
algorithm, it leads to 93.83% average execution-time improve-
ment ratio, but only has a small estimation accuracy degrada-
tion. We next investigate the advantages of computation and es-
timation accuracy of our proposed improved FS algorithm when
compared to the EAS algorithm currently published by Chan
and Siu [1]; experimental results reveal that our improved FS al-
gorithm has 74.33% average execution-time improvement ratio
and has a higher estimation accuracy. Furthermore, we compare
the performance among our improved FS algorithm, the TSS al-
gorithm, and the BBGDS algorithm.

The remainder of this paper is organized as follows. Our pro-
posed predictive search area approach is presented in Section II.
Section III presents our improved FS algorithm. Experimental
results are demonstrated in Section IV. Some concluding re-
marks are addressed in Section V.

II. NEW PREDICTIVE SEARCH AREA APPROACH

In this section, we want to present the predictive search area
approach which will be used in our proposed improved FS al-
gorithm. We first give an observation on the motion differen-
tials, among the motion vector of any block and those of its four
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neighboring blocks. Here, all the motion vectors used to eval-
uate the statistical distribution of motion differentials are ob-
tained by using the FS algorithm in advance from six real video
sequences, namely, the calendar train with 30 image frames, the
football with 30 image frames, the garden with 30 image frames,
the salesman with 21 image frames, the Susie with 30 image
frames, and the table tennis with 30 image frames. In fact, these
six video sequences can be viewed as the training videos. Ac-
cording to our observation on the statistical motion differentials,
a predictive search area is thus determined using our proposed
search area determination strategy where the determined search
area is within the search window. Since the determined search
area is much smaller than the predefined search window of size

, the computation cost required in our im-
proved FS algorithm can be drastically reduced when compared
to the FS algorithm.

A. Observation

Since in video sequence, there are about thirty image frames
being taken in a second, two consecutive image frames are
possibly very similar. We now investigate the distribution of
motion-vector differentials between any block, say, and its
four neighboring blocks, say , and , as shown in
Fig. 1.

Let the displacement variable be defined by

(2)

where ( , ) denotes the motion vector of the block
and , , denotes the mo-
tion vector of the neighboring block . For example, let
the motion vector of the block be (2,3) and let the
motion vectors of its four neighboring blocks be (3,3), (4,3),
( 2,3), and (3,4), respectively, then by (2), it yields to

.
From this example, the obtained displacement means
that the displacement of motion-vector differentials between the
block and the nearest neighboring block is one pixel.

For the th image frame in the video sequence, ,
let denote the probability when . The size
of the search window used in our experiment is 3333, so we
have the constraint . Except the first image frame
in the th video sequence, for the remaining image frames in
the same video sequence, the average probability of is
defined by

(3)

where denotes the number of image frames in the video se-
quence . The first column of Table I denotes the values of’s.
By (3), the th column, , of Table I lists the average
probability of for the th video sequence. The eighth
column denotes the average probability offor the six video
sequences where the related average probability is defined by

For example, when , we have

.

Fig. 1. Any block and its four neighboring blocks.

The ninth column of Table I denotes the accumulated prob-
ability of for the six video sequences where the related
accumulated probability is defined by

For example, when , we have
% ; when , we have

%
.

From the ninth column of Table I, we have the following ob-
servation.

Observation 1: The average accumulated probability is
94.24% for (95.54% for ).

In fact, the accumulated probability of can be cal-
culated in an adaptive way. That is, once we have obtained the
motion vector of the current block by using (1), the
motion vector of associated with the four motion vec-
tors of the four neighboring blocks (see , , , and in
Fig. 1) can be used to obtain the new although
some extra time is needed.

B. Search Area Determination

From Observation 1, due to the high probability, e.g., 94.24%,
is a good choice to confine the search area for the current

block to find the best matching block in the reference image
frame. Of course, is also another choice to confine the
search area for the current block. In Section IV, both exper-
iments for and will be carried out to demonstrate
the good performance of our proposed improved FS algorithm
for block motion estimation. For exposition, we only consider
the case although our proposed predictive search area
approach is applicable for .

For the current block in the current image frame, ac-
cording to Observation 1 and the four known motion vectors
of s four neighboring blocks, namely , and

, the determined search area of the current block, which
is used to confine the search area in the reference image frame,
can be represented by

where , , denotes the subsearch area with size
for [see Fig. 2(a)] where

from Observation 1, we have . The union of the four 5
5 subsearch areas is depicted in Fig. 2(b) which is used as the
search area in the reference image frame for the current block

in the current image frame.
From Observation 1 and the determined search area, for

the current block in the current image frame, it has about
94.24% probability that the best matching reference block in
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TABLE I
Prob (D = d), Prob (D = d)

(a)

(b)

Fig. 2. Four subsearch areas and the determined search area. (a) The four 5�

5 subsearch areas,S , S , S , andS . (b) The determined search areaS.

the reference image frame is within the determined search area
since two consecutive image frames are quite similar. From

Table I, it is known that the larger the value ofis, the higher
the probability is when the best matching reference block is in-
side the determined search area. On the other hand, the higher
the value of is, the higher the estimation accu-
racy and the computational cost are.

Fig. 3. Search window and the determined search area in the reference image
frame.

III. PROPOSEDIMPROVED FS ALGORITHM

Based on the above predictive search area approach, our im-
proved FS algorithm is outlined in this paragraph. Given a video
sequence as the input, for the th reference image frame
and the th current image frame, , our improved FS al-
gorithm for motion estimation is the same as the conventional
FS algorithm, but instead of finding the best matching refer-
ence block within the search window for the current block,
the current block in the current image frame finds the best
matching reference block in the reference image frame within
the determined predictive search area described in Section II.

In Fig. 2, suppose the upper-left corner of the current block
in the current image frame is located at position (150 100).

As shown in Fig. 3, taking (150 100) as the center of the search
window in the reference image frame, the determined search
area in the reference image frame for the current block, i.e.,
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TABLE II
PSNR COMPARISON

TABLE III
EXECUTION-TIME COMPARISON

, is inside the search window. Instead of performing the block
matching [(1)] within the search window, based on our proposed
improved FS algorithm, we only perform the block matching
within the determined search area. Thus for finding the best
matching reference block, the computation improvement ratio
(CIR) of our proposed improved FS algorithm within the de-
termined search area over the conventional FS algorithm within
the search window is given by

where and denote the area of the search
window (SW) and the area of the determined search area,
respectively.

Because of the area of , , is equal to 25
for , the area of the determined search

area is at most 100 . Suppose the search window is
of size and , then we have the following result.

Proposition 1: For performing block matching of the cur-
rent block in the current image frame, the computation improve-
ment ratio (CIR) of our proposed improved FS algorithm using
the predictive search area approach over the FS algorithm using
the conventional search window approach is at least 90.82%

, where .
In general, suppose the search window is of size

and the displacement is an arbitrary, we immedi-
ately have the following result.

Corollary 1: For block matching of the current block in the
current image frame, the CIR of our proposed improved FS al-
gorithm over the conventional FS algorithm is at least

.
From Corollary 1, suppose the search window is still of size

33 33 but , the CIR is at least 82%. Previously, we
have known that the larger the value of is, the higher the

probability is when the best matching reference block is inside
the determined search area. That is, the higher the value of

is, the higher the estimation accuracy and the
computational cost are. However, it is a tradeoff among the value
of , the computational cost, and the estimation accuracy.

IV. EXPERIMENTAL RESULTS

In this section, some experiments are carried out to compare
the performance among the FS algorithm, the EAS algorithm
[1], our proposed improved FS algorithm (OURS) for
and , the TSS algorithm [7], and the BBGDS algo-
rithm [8]. All the concerning block matching algorithms are
implemented using Borland C++ builder and the Pentium III
600-based PC.

For convenience, each of the six training video sequences
mentioned above is used in each block matching algorithm for
evaluating the performance such as the PSNR (Peak Signal-to-
Noise Ratio), the execution-time requirement in terms of sec-
onds, and the execution-time improvement ratio. Each image
frame in the video sequence is of size 352256. The block
size and the size of the search window are selected as 1616
and 33 33, respectively. Here, the PSNR is defined by

PSNR
MSE

where MSE is the mean square error between the estimated
image frame and the original image frame. In fact, the PSNR
is also a guideline for the estimation accuracy.

Tables II–IV show the performance comparison in terms
of the PSNR, the execution-time requirement, and the execu-
tion-time improvement ratio. From Table II, the FS algorithm
has the highest PSNR, i.e., the highest estimation accuracy.
Our proposed improved FS algorithm for has the second
PSNR; our proposed improved FS algorithm for has
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TABLE IV
EXECUTION-TIME IMPROVEMENTRATIO COMPARISON

the third PSNR, and the EAS has the fourth PSNR. In the
EAS block matching algorithm, before performing the edge
detection, a smoothing operation is applied on the current
image frame in order to filter out noises. Then, Sobel operator
[5] is used in edge detection and the value 40 is selected as the
threshold to separate whether the testing pixel is an edge pixel
or a nonedge pixel; the value 16 is selected as the threshold
to separate whether the current block is an edge block or a
nonedge block. In addition, in the EAS algorithm, and

are used to help the determination of the staring points.
From Table III, the BBGDS algorithm and the TSS algorithm

are the fastest and the second one, respectively; our proposed
improved FS algorithm for ( ) is the third (fourth)
one. From Table III, the average execution-time required in the
FS algorithm is 3.1971 seconds; the average execution-time re-
quired in the EAS algorithm is 1.0077 seconds, and the average
execution-time required in our proposed improved FS algorithm
is 0.1973 seconds. Table IV demonstrates that the average ex-
ecution-time improvement ratio of our proposed improved FS
algorithm over the FS algorithm is 93.83% which nearly con-
firms the theoretical analysis in Proposition 1. The average ex-
ecution-time improvement ratio of our proposed improved FS
algorithm over the EAS algorithm is 74.33%.

V. CONCLUSION

This paper has presented the new predictive search area de-
termination strategy which has also been plugged into the FS
algorithm. Not only our proposed simple predictive search area
approach can reduce the execution-time required in the motion
estimation, but it also can retain a good estimation accuracy.
As can be seen from the experimental results, our proposed im-
proved FS algorithm has least execution-time requirement when
compared to that of the FS algorithm and the EAS algorithm.
Considering the PSNR measure, our proposed improved FS al-
gorithm has the best estimation accuracy in each video sequence
when compared to that of the TSS algorithm, the BBGDS algo-
rithm, and the EAS algorithm.
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