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Abstract: - Experimental results show that the block motion field of real image sequence is usualy gentle,
smooth and varies dowly, as result in a center-biased global minimum motion vector distribution instead of an
uniform distribution. Based on these characteristic of image sequence a new four step search (FSS) algorithm
with center biased checking point pattern for fast block motion estimation is proposed in this paper. Variable
searching step technique is employed in the proposed agorithm with minimum searching steps of 2 and 4 for
the maximum. The total number of points is varied from 17 to 27. Simulation results show that, as compared
to the well-known three-step search the proposed FSS produces smaller motion computational requirement.
Also, the proposed algorithm possesses the regularity and simplicity of hardware oriented features.
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1 Introduction

Motion estimation (ME), in general, can improve the

prediction accuracy between adjacent frames/

pictures. This technique falls into two categories:
pel-by-pel ME, called pel-recursive agorithms

(PRA)

block-by-block ME, called block matching

algorithms (BMA).

PRAs have been rarely used because they are
inherently complex and the ME agorithms
sometimes run into convergence problems. Object
based ME is tailored for image coding. The ME is
dependent on identifying or locating the object, or at
least its boundaries, in both frames pictures.

In block matching algorithm, motion of a block
of pels, say (N N), within a frame/field interval is
edimated. The range of the motion vector is
constrained by search window. The current image
frame is firs partitioned into equal-sized rectangular
blocks. The motion vector for each block is
estimated by searching for its peak correlation with
an associated block within a search window in the
previous frame.

Block motion estimation had been used in
different video compression standards such as
H.261, H263, H263+, MPEG-1, MPEG-2, MPEG-4
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[1], [2]. One common feature of these standards is
that both of which use DCT transform coding to
reduce spatia redundancy and block based motion
estimation/ compensation to reduce the temporal
redundancy. In addition, the encoder complexity of
these dandards is dominated by the motion
estimation if the full search algorithm is used as the
block-matching algorithm (BMA). Full search
matched every possible displaced candidate block
within the search area in the reference frame in order
to find the block with minimum distortion. Massive
computation is, therefore, required in the
implementation of full search agorithm [3]. On the
other hand H.261 and MPEG standards have not
specified the BMA for motion estimation at the
encoder. As a result many fast BMA’s have been
developed to alleviate the heavy computation of full
search algorithm.

Among the proposed BMA's the three-step
search (TSS) [4], becomes the most popular one and
RM8 of the H.261 and SM3 of MPEG aso
recommend it owing to its dsmplicity and
effectiveness. However, the TSS uses a uniformly
allocated checking point pattern in its first step,
which becomes inefficient for the estimation of
smal motion. In addition, experimental results
shows that the block motion field of real image
sequence is usudly gentle, smooth, and varies



dowly. It results in a center biased globa minimum
motion vector distribution instead of a uniform
distribution [4]. For “Mobile’ segquence, there are
80% blocks that can be regarded as stationary or
quasi-stationary blocks and most of the motion
vectors are enclosed in central 5 5 area Fig. 1.

Fig. 1. Motion vector for Mobiled sequence

For the “Mi®’ sequence Fig.2, which consists of
faster motion, athough the motion vector
digtribution is more diverse as compared to
“Mobile”, itis dtill highly center biased.

Fig. 2. Motion vector for Mi®a 15 sequence

Based on the characteristic of center biased
motion vector distribution, a new three step search
(NTSS) dgorithm for improving the performance of
the TSS on the estimation of smal motion was
proposed in [5]. The NTSS agorithm employed a
center biased checking point pattern in the first step,
that combined the original checking point used in
TSS agorithm and 8 extra neighboring points of the
search window’ s center.

The NTSS used a halfway-stop technique to
speed up the dationary or quasi-stationary blocks

matching. Simulation results in [5] show that the
NTSS is much more robust, produces smaller
motion compensation errors as compared with three-
step search. For the maximum displacement of + 7,
however, the NTSS agorithm, in the worst case,
requires 33 block matches while TSS need only 25
block matches. Therefore, the computational
requirement of NTSS for some image sequences
may be higher than TSS even in terms of average
computational complexity. On the other hands, for
the red time or VLSl implementation of motion
estimation the worst case computational requirement
should be consdered instead of the average
computation [6]. In general moving scenes, it is very
likely that a homogenous area of the picture frames
moves in the same direction with similar velocities.
Therefore, the displacements between neighboring
blocks are highly correlated or dependent [7]. In
application to image sequence coding, the BMA has
systematic limitation owing to rotation, deformation,
etc. [8]. Another problem of the BMA is the
restricted search range, which may result in
inaccurate results when the motion of the object
extends beyond the maximum search region. One
solution for this problem is to enlarge scope of the
search region. In this paper, a new four step search
(FSS) agorithm based on the center-biased motion
vector distribution characteristic is proposed. The
proposed FSS produces better performance than
TSS and have similar performance as compared with
the NTSS. While the worst case computational
requirement of the FSS is 27 block matches that is
just 2 more matches as compared with TSS.

2 Four step search algorithm

For the maximum motion displacement of =7, a
motion vector with minimum distortion is to be
found out according to a predefined block distortion
measure (BMD). The mean absolute error (MAE) is
the most commonly used BMD for block based
motion estimation.

The proposed FSS agorithm utilized the center
biased search pattern with 9 checking points on a
5" 5 window as shown in Fig. 3(a) is used in the first
step of the FSS algorithm instead of 9" 9 window in
the TSS. The search window size of the next two
steps is depended on the location of the minimum
BMD point. If the minimum BMD point is found at
the center of the previous search window, the search
will go to the find step with 3" 3 search window.
Otherwise, the search window size is maintained in
5 5 in the second/third step. In this case, the search
pattern is depended on the position of the previous



minimum BMD point. If the minimum BMD point
is a the corner of the previous search pattern, 5
additional checking points as shown in Fig. 3(b) are
used. If the minimum BMD pint is aong the
horizontal or vertica axis of the previous search
pattern, 3 additional checking points as shown in
Fig. 3(c) are used. In the fina step, the search
window is reduced to 3" 3 and the search stops at
this small search window. It implies that the
intermediate steps of the FSS may be skipped and
jumps to the fina step with 3" 3 window if at any
step the minimum BMD point is found at the center
of the search window.
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Fig. 3. Search patterns of the FSS
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Fig. 4. Search path of FSS

Based on this four step search patterns, we can cover
the whole 15" 15 displacement window even only
small search window 5" 5 and 3" 3 are used. In Fig.
4, search pattern is shown. The search used atotal of
25 checking points and the motion vector is (4, -7).
The computational complexity of the FSS is only
two more search points than the TSS and 6 block
matches less than NTSS in the worst case.

3 Simulation results

The FSS dgorithm is simulated using luminance
components of the 32 frames of the “Mobile’
sequence and 26 frames of the “Mi%’ sequence.
These two sequences consist of large displacement
and fast motion. The size of each individua frame is
256" 256 pixels quantised uniformly to 8 bits. The
MAE distortion is used as BMD. The maximum
displacement of the search area is £7 pixels in both
horizontal and vertica direction for a block size of
16" 16. The performance between estimated frames
and original frames for FSS, TSS, NTSS and full
search in terms of mean square error (MSE) are
shown in Fig.5. The MSE comparisons show that
the FSS provides the better performance than TSS
and similar to the NTSS, especidly in the area
where fast motion isinvolved.
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Table 1. Average MSE of frames

Searching Mobile Mi%a
algorithm

Full search 128,95 253,67
TSS 190,03 370,54
NTSS 167,57 330,78
FSS 156,89 298,35




Table 2. Average searching points needed for each
motion vector

Searching Mobile Mica
algorithm

Full search 225 225
TSS 25 25
NTSS 19,98 22,66
FSS 18,16 19,56

Table 3. Speed up ratio for fast algorithm

Searching Mobile Mica
algorithm

TSS 9 9
NTSS 11,26 9,92
FSS 12,38 11,50

Table 4. Average distance to the motion vector
found by the Full search method

Searching Mobile Mica
algorithm

TSS 0,871 0,6214
NTSS 0,884 0,7059
FSS 0,908 0,7354

Tables 1 to 4 give some statistical performances
comparisons of four BMA’s. Table 1 shows the
average MSE of the first 32 frames for “Mobile”
sequence and for the first 26 frames for “Mica’
sequence, using different algorithms. From the table,
we can see that FSS gives the smallest MSE among
the other agorithms except full search. Table 2
shows the average searching points needed for each
motion vector. From the table, we found that the
average searching point for FSS is very near to its
minimum 17. However, the average searching points
of NTSS is dependent very much on the motion
content of the image sequence. The speed up ratio in
Table 3 is measured as ratio between searching point
for full search agorithm and searching point for fast
algorithm.

Table 4 gives us a measure of the accuracy of
different algorithms using the motion vectors found
by full search as reference. The NTSS and FSS give
similar accuracy and they are much better than the
conventional TSS.

Those experimental results show that the FSS
aways provides a better performance with the
minima computational requirement among the three
fast BMA's.

4 Conclusion

A new FSS agorithm for fast block based motion
estimation is proposed in this paper. The proposed
algorithm performs better performance than the
well-known TSS and has similar performance to
NTSS in terms of mean square error measure. The
average computation requirement of FSSis less than
TSS and NTSS. In addition, the FSS is much more
robust as the performance. It is nearly independent
of the motion pattern of a given image sequence.
When the seguence involves much complex
movement, the improvement in performance is
much more obvious. On the other hand, the FSS also
possesses the regularity and simplicity of hardware
oriented features.
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