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Abstract This paper presents a novel method named as
Modified Orthogonal Search Algorithm (MOSA) for the
block based motion estimation. Recently fast search algo-
rithm for video coding using Orthogonal Logarithmic Search
Algorithm (OSA) has been proposed by Soongsathitanon
et al. (IEEE Trans Consum Electron 51(2):552–559, 2005).
We introduce the center biased search point pattern for the
estimation of small motions and a half way stop technique
to reduce the computational complexity in the existing OSA.
This feature improves the speed performance of the algo-
rithm by 80% as compared to the Full Search Algorithm, 50%
over the Three Step Search algorithm and 2% faster than the
OSA. However, the Mean Square Error and Signal to Noise
Ratio did not show significant deviation from the orthogonal
logarithmic search algorithm and the three step search algo-
rithm. The experimental results based on the number of video
sequences were presented to demonstrate the advantages of
proposed motion estimation technique.

Keywords Block-Matching · Motion estimation ·
Orthogonal logarithmic search

1 Introduction

Recent years have witnessed a vital role played by video com-
pression in data storage and transmission. Video compression
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involves the removal of the spatial and temporal (interframe)
redundancies. Inter frame compression exploits the similar-
ities between successive frames, known as temporal redun-
dancy, to reduce the volume of data required to describe the
sequence. Several inter-frame compression methods [2], of
various degrees of complexity are presented in the literature
such as sub-sampling coding, difference coding, block based
difference coding and motion compensation.

The motion compensation prediction is commonly used
in most of the video codec [2,3]. In order to carry out motion
compensation the motion of the moving objects have to be
estimated first, which is called as motion estimation [4].
Motion compensated prediction assumes that the current pic-
ture can be locally modeled as a translation of the pictures
of some previous time. Block matching methods due to their
less computational complexity are the most popular motion
estimation methods which are adopted by various video cod-
ing standards such as MPEG-1 and MPEG-2 [17]. In block
matching method, the current frame is divided into sub-
blocks of N × N pixels. Each sub block is predicted from
the previous or future frame, by estimating the amount of
motion of the sub-block called as motion vector during the
frame time interval. The video coding syntax specifies how
to represent the motion information for each sub-block, but
it does not however specify how such vectors are to be com-
puted. The motion vector is obtained by finding a Block
Distortion Measure (BDM) function which calculates the
mismatch between the reference and the current block [5]. To
locate the best matched sub-block which produces the mini-
mum mismatch error, we need to calculate distortion function
at several locations in the search range.

One of the first algorithm developed for block based
motion estimation was the full search algorithm (FSA) or
exhaustive search algorithm (ESA), which evaluates the
block distortion measure (BDM) function at every possible
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pixel locations in the search area [5]. Although this
algorithm is the best in terms of quality of the predicted frame
and simplicity, it is computationally intensive. In the past two
decades, several fast search methods for motion estimation
have been introduced to reduce the computational complex-
ity of block matching, for examples, two dimensional loga-
rithmic search (LOGS) [5], three-step search (3SS) [6], four
step search (4SS) [7]. As these algorithm utilized uniformly
allocated search points in their first step, they all can achieve
substantial computational reduction with a drawback of mod-
est estimation accuracy degradation. Search with a large pat-
tern in the first step is inefficient for the estimation of small
motion since it will be trapped into a local minimum. In real
world video sequences, the distortion of motion vectors is
highly center biased which results in a center biased motion
vector distribution instead of a uniform distribution [9]. This
indicates that the probability increases to get the global min-
imum at the center region of the search window. To make
use of this characteristic, center biased block matching algo-
rithms were then proposed with search points much closer to
the center which improves the average prediction accuracy
especially for the slow motion sequences. Well known exam-
ples of this category are New Three-Step Search (N3SS) [8],
Advanced Center Biased Three Step Search (ACBTSS) [9],
Block-Based Gradient Descent Search (BBGDS) [10], Dia-
mond Search (DS) [11], Cross Diamond Search (CDS) [12],
Hexagon-Based Search (HS) [13], etc. There is considerable
research effort being applied to the subject of motion estima-
tion [14–18].

Among these algorithms, 3SS has become most popular
one for low bit rate application owing to its simplicity and
effectiveness. However 3SS and recently proposed OSA uses
uniformly allocated searching points in their first step which
becomes inefficient for the estimation of small motions since
it gets trapped into local minimum. Having observed this
problem, a Modified Orthogonal Search Algorithm (MOSA)
is proposed in this paper. The proposed MOSA searches the
additional central eight points in order to favor the character-
istics of center biased motion. To speed up block matching
process, MOSA terminated at intermediate step instead of
adapting the entire steps of the algorithm referred as half
way stop technique. The rest of the paper is organized as
follows; Sect. 2 presents the OSA, then proposed MOSA is
described in Sects. 3, and 4 brings about experimental results
of our proposed method in comparison with FSA, 3SS and
OSA. The experimental results are concluded in Sect. 5.

2 Orthogonal logarithmic search algorithm

The OSA proposed by [1] has the pairs of horizontal and ver-
tical search points with a logarithmic decrease in the succes-
sive step size (‘st’). After the step size st has been initialized

Fig. 1 Orthogonal logarithmic search

at st = �d/2� where d is the maximum motion displace-
ment, the center block and two candidate blocks on either
side of the x-axis at a distance (‘± st’) are compared to the
target block. The position of minimum distortion (BDM) will
become the center of the vertical stage. During the vertical
stage, two search points above and below the new center are
examined and the values of the distortion function at these
three positions are compared. The position with the minimum
distortion will become the center of the next stage. After a
horizontal and vertical iteration, the step size is halved, if it
is greater than one the algorithm proceeds with another hor-
izontal and vertical iteration otherwise it halts and declares
one of the positions from the vertical stage the best match
for the target block. Thus OSA estimate motion vectors by
searching the window orthogonally with logarithmic reduc-
tion in the step size. The search patterns for OSA are shown
in Fig. 1.

3 Modified orthogonal search algorithm

We present the modification in original OSA by utilizing a
3 × 3 grid search pattern at the center to exploit the center
biased characteristics of motion vector distribution in real
world video sequences. Fig. 2 shows the search pattern of
MOSA. The search window size is (2d + 1) × (2d + 1)

where d is the maximum displacement in horizontal and ver-
tical direction. The step size is initialized at st = �d/2�,
where �� is upper truncation function. We have assumed the
search window size as 7 × 7 (i.e., maximum displacement of
motion vector d = ±7).

The proposed MOSA is decomposed into following
steps.
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Fig. 2 Modified orthogonal logarithmic search

Step 1 In the initial stage of the algorithm, we propose to
add eight extra search points around the center in
addition to the original search points in horizontal
direction used in OSA as shown in Fig. 2. The advan-
tage of adding these extra search points is to capture
the small motion at the center. If the minimum BDM
at this stage occurs at the search window center i.e.,
at (0, 0), then assume the block is with zero motion
and further search bring to an end (half way stop
technique). Otherwise go to step 2.

Step 2 If the winning point of step 1 corresponds to one
of the eight point of the center grid then step size
is initialized to one and two positions horizontally
on either side and two vertical positions above and
below of the winning point are searched. The search
point with minimum BDM corresponds to motion
vector. The algorithm is halted at this stage or else
go to step 3.

Step 3 Shift the center at the winning point of step 1 (hav-
ing minimum BDM) for the vertical search and two
positions are searched in the vertical direction (up
and down) retaining the same step size.

Step 4 The step size ‘st’ is reduced by half and the center is
moved to the minimum BDM point of step 3. Again
two positions in the horizontal direction are checked
with step size st apart from the center.

Step 5 Repeat the step 3 and 4, till the step size st becomes
one.

The proposed MOSA retained the simplicity and regular-
ity of OSA. Although MOSA take eight additional search
points at the initial stage as compared to OSA, the early
termination of the algorithm at step 1 helped to reduce the
computations significantly.

3.1 Analysis of the algorithm

For block matching algorithms, the number of search points
required for each motion vector estimation measures the
computational complexity. In this section, we estimate the
number of search points needed to find motion vector for
MOSA as compared with the OSA and 3SS algorithm.

The number of search points required for 3SS algorithm
given by [6] is,

[1 + 8 log2 d] (1)

Hence 3SS requires total 25 search points with 7 × 7 search
window.

The computational complexity of OSA algorithm mea-
sured by [1] is,

[1 + 4�log2(d + 1)�] (2)

For 7 × 7 search window size , the OSA algorithm requires
13 search points.

A search example using the center biased MOSA for
motion vector estimated at (−7, 7) is shown in Fig. 2. The
21 search points are required to obtain the motion vector for
this particular example. From Fig. 2, we can easily deduce
that the total number of search points can vary from 11 (best
case scenario) to 21 (worst case scenario). But experimental
result indicates that average search points for 100 frames are
less than 11 since for the boundary blocks the search window
extends outside the frame boundary, as a result some search
points gets omitted from the search pattern. Thus with this
discussion, undoubtedly we claim that, with MOSA, motion
vectors are found with fewer search points as compared to
3SS and OSA algorithm.

4 Experimental results

The algorithm is implemented on a Pentium IV, 2.4 GHz per-
sonal computer. In our experiment BDM is defined to be the
mean square error (MSE) [19].

M SE(i, j) = 1

N 2

N∑

m=1

N∑

n=1

( f (m, n) − f (m + i, n + j))2

− d ≤ i, j ≤ d (3)

where f (m, n) represents the current sub-block of N 2 pix-
els at coordinates (m, n) and f (m + i, n + j) represents
the corresponding block in the previous frame at new coor-
dinates (m + i, n + j) Choosing large block size is com-
putationally efficient but it results in the poor quality of
the reconstructed frame so we choose block size as 8 ×
8 as a tradeoff between computational complexity and the
quality of the image [20]. The maximum displacement of
block in horizontal and vertical direction is assumed to be
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Table 1 Average MSE for different algorithms

Sequences FSA 3SS OSA MOSA

Foreman 26.36 34.13 40.2 31.23

Claire 3.60 3.67 3.96 3.61

Carphone 20.6 24.52 26.6 22.61

Silent 12.54 14.87 16.42 17.90

News 17.10 18.86 19.98 19.98

Grandma 3.70 3.78 3.92 3.72

Suzie 15.09 18.32 22.33 20.42

Miss America 5.02 5.54 5.79 5.10

Salesman 6.51 6.97 7.43 6.82

Trevor 30.08 35.47 38.27 38.33

Table 2 Average SNR for different algorithms

Sequences FSA 3SS OSA MOSA

Foreman 34.2 33.2 32.6 33.59

Claire 43.25 43.20 42.99 43.24

Carphone 35.2 34.6 34.32 34.95

Silent 37.86 37.18 36.81 36.76

News 38.14 37.95 37.75 37.88

Grandma 43.65 43.59 43.53 43.62

Suzie 36.71 36.01 35.33 35.88

Miss America 41.54 41.18 41.02 41.48

Salesman 40.86 40.64 40.45 40.76

Trevor 35.55 35.21 34.87 35.33

d = ±7. For the performance evaluation of standard algo-
rithms FSA, OSA, 3SS and MOSA, 100 frames of ten QCIF
video sequences “Foreman”, “Claire” ,“Carphone”,
“Silent”, “News”, “Grandma”, “Suzie” “Salesman”,
“Trevor” andMiss America” are selected. These video
sequences are categorized into three classes based on fast,
moderate and slow motion. The video sequences of
Silent, Claire and Grandma are all of slow object
translation with low motion activities. News, Suzie and
Miss America are with moderate motion while Fore-
man, Carphone, Salesman and Trevor sequences
are of fast object translation with high motion activity. The
motion compensated values of MSE and SNR are being
used as the metrics to evaluate the performance of standard
algorithms and proposed MOSA, with results presented in
Tables 1 and 2. Computational complexity in terms of average
number of search points per block is summarized in Table 3.

It is seen from Table 3 that proposed MOSA algorithm
requires less number of search points as a result of half way
stop technique and it also improves the MSE and SNR values
as compared to OSA which is shown in Tables 1 and 2.

Table 3 Average search points for different algorithms

Sequences FSA 3SS OSA MOSA

Foreman 205.18 25 12.40 11.14

Claire 205.18 25 12.39 10.66

Carphone 205.18 25 12.40 11.43

Silent 205.18 25 12.39 10.62

News 205.18 25 12.39 10.41

Grandma 205.18 25 12.40 10.63

Suzie 205.18 25 12.40 11.26

Miss America 205.18 25 12.40 11.06

Salesman 205.18 25 12.39 10.37

Trevor 205.18 25 12.39 10.76

For “Foreman” and “Carphone” which contains large
motion, the MOSA algorithm has obtained speed improve-
ment of nearly 50% over 3SS. For “Claire” and
“Grandma” sequences with motion vectors limited within a
small region, the proposed MOSA algorithms achieves close
to 55% speed improvement over 3SS as seen from Table 3.
Tables 1 and 2 indicate that MOSA has given performance
close to FSA for “Claire” and “Grandma” sequences with
small motion content. And it performs better for “Fore-
man” “Salesman” and “Carphone” sequences of large
motion over 3SS and OSA. 3SS and OSA utilize uniformly
allocated search points in their first stage, which is not effi-
cient to catch small motions appearing at search window
center. By utilizing 3 × 3 pattern of search points at the cen-
ter of search window we able to catch the small motion with
MOSA. The advantage of the novel MOSA in terms of the
speed of operation (computational complexity) is much more
dramatic. Experimental result have shown that the MOSA
performs better than OSA in terms of the motion compen-
sation error and it is superior to 3SS in terms of computa-
tional complexity. For more clarification, the performance
measured in terms of MSE and SNR for three test sequences
each one representing different class of motion like “Fore-
man”, “Claire” and “Miss America” are represented
in Figs. 3, 4 and 5 respectively.

5 Conclusion

The proposed MOSA in block motion estimation results in
the significant speed up gain over 3SS and FSA. Search for
the center biased motion vectors have been facilitated by
adding 8 extra search points, which are the neighbors of the
window center. The introduction of the half way stop tech-
nique reduced the computational complexity and the time
required for the computation. The strength of MOSA algo-
rithm lies in its speed of operation which helps to reduce
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Fig. 3 Comparative MSE & SNR performance of “Foreman” using FSA, 3SS, OSA and MOSA

Fig. 4 Comparative MSE & SNR performance of “Claire” using FSA, 3SS, OSA and MOSA

Fig. 5 Comparative MSE & SNR performance of “Miss America” using FSA, 3SS, OSA and MOSA
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computational complexity. The speed of operation is almost
80 and 50% faster than FSA and 3SS respectively. The SNR
performance ensures the good quality of reconstructed frame
comparable to those of FSA, 3SS and OSA. Summing up; we
conclude that MOSA is a good candidate to replace FSA and
3SS methods. Owing to its ability to reduce complexity, it
can be recommended for efficient hardware implementation.
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