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Abstract This paper proposes a fast motion estima-
tion algorithm based on motion speed and multiple initial
center points. The proposed method predicts initial search
points by means of the spatio-temporal neighboring
motion vectors. A dynamic search pattern based on the
motion speed and the predicted initial center points is
proposed to quickly obtain the motion vector. Due to the
usage of the spatio-temporal information and the dynamic
search pattern, the proposed method greatly accelerates
the search speed while keeping a good predicted image
quality. Experimental results show that the proposed
method has a good predicted image quality in terms of
PSNR with less searching time comparing with the Full
Search, New Three-Step Search, and Four-Step Search.

Key words : Motion estimation, Motion speed, Mul-

tiple initial center points

1. Introduction

Due to the ability of removing temporal redund
ancies between successive image frames, motion
estimation and compensation play key roles in
video encoding standards, such as MPEG-2 [1],
H264 (2]
technique is the block matching motion algorithm
(BMA), which obtains the motion vector (MV) by

separating the cwrent frame into non-overlapping

The most popular motion estimation

square blocks and searching the best matching
block within
reference frame for each current block.

Full Search (FS) is the optimal block matching
algorithm that can find the MV by exhaustively

a defined search window in the

searching all locations inside a defined search
window. It is simple and easy to be implemented in
hardware. But on the other hand, the large com-
putation of this algorithm makes it difficult to be
applied in real-time video compression. To over-
come this problem, many efficient fast algorithms
have been proposed in the past decades. Some
well-known methods are Three-Step Search (TSS)
[3], New Three-Step Search (NTSS) [4], Four-Step
Search (FSS) [5], etc. These methods can reduce
the computation by only searching some significant
points inside the defined search window while
keeping a good error performance. However, these
methods fail in taking account of the spatio-
temporal dependencies that exist between the MVs.
Algorithms that use the spatial or temporal infor

mation have been proposed in these years [6-9].
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Recently, H. Nisar et al. [10] proposed a fast
motion estimation algorithm based on multiple
initial point prediction. The algorithm predicts initial
points and constructs a dynamic search pattern for
each block by means of the spatio-temporal neigh-
boring MVs.

This paper proposes a new fast motion estima-
tion algorithm based on motion speed and multiple
initial center point prediction. The proposed method
takes advantage of the spatio-temporal neighboring
MVs to determine the initial points similar to [10].
However, unlike [10], a more reasonable strategy is
proposed to get the initial center points. Moreover,
a motion speed is estimated by means of the
spatio-temporal MVs and thereafter a simple dyna-
mic search pattern is defined to search the MV
based on the motion speed and the initial center
points. Due to the new strategy of initial center
point estimation and the usage of the motion speed,
the proposed method achieves fast search speed
and good predicted image quality.

The remainder of this paper is organized as: the
new strategy of initial center point prediction is
presented in Section 2. Section 3 describes the
search pattern based on the motion speed and the
initial
conclusion are presented in Section 4 and Section 5,

center points. Experimental results and

respectively.

2. Initial center point prediction

To estimate the MV for each block, choosing
proper initial center points to start the search is
critical to fast computation and optimal matching.
Since the spatio-temporal neighboring blocks usually
have similar MVs as the current block does, the
spatio~temporal neighboring MVs can be used to
predict the initial center points. There are three
spatial neighboring MVs (S, S2, S3) and nine
temporal neighboring MVs (70, TI,..., T8) for
initial point prediction. In this paper, the spatial left
block and the spatial top block are used together
since these blocks are often associated with the
same objects and have similar MVs as that of the
current block. The spatial left block is not always
correlated with the current block and is often
unavailable for left margin blocks. So we have

chosen spatial top block as H. Nisar et al. [10] did
to compensate when the spatial left block is not
available. In the temporal domain, the MVs (70,
Ti, ..., T8) are less stable than those in the spatial
domain since these temporal MVs are also affected
by the frame rate. Therefore, we only choose one
temporal MV (70) for prediction. Both the spatial
and temporal MVs are shown in Fig. 1.

Previous frame

top block) .

MVyg,
{spatial
left block)

Current

bleock
L

N

]
|
||
Current frame ...

Fig. 1 The spatial and temporal MVs

With the properties of the MVp, MVst and MVg,
this paper proposes to take advantage of these
MVs and use a new strategy to predict the initial
center points. Different from H. Nisar's algorithm,
three cases are determined to generate the initial
center points by means of the directions of the
MVp, MVsr and MVs.. Furthermore, instead of
separating the Cartesian coordinate into four qua-
drants to determine whether combining two motion
vectors, this paper proposes to consider the angles
between the motion directions of the motion vectors.
The new strategy is described as follows:

Case 1: if MVp, MVsr and MVg are all equal to 0,
then the current block is predicted into a stationary
block.

Case 2! if the angle between MVgr and MVg is
less that a threshold 74, then MVst and MVgy are
combined into one MV, which can be denoted as
follows:
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1
MVSTL=5(MVST+MVSL) (0

1) If the angle between MVsr. and MVs is less
than 74, one initial center point is generated,
as shows in Equation (2). This situation can
be shown by Fig. 2(a).

MV =a* MV, +B* MV, (2

2) If the angle between MVsm and MVp is
greater than Ty, two initial center points (P
and P} are generated, where P, = MVsry,
Po=MVp. It can be shown by Fig. 2(b).

Finally, a motion speed is estimated for “case 2"
by: MS = [[MVsr - MV3l|
Case 3: if the angle between MVsr and MVs is
greater that Ta, the angle (Asre) between MVp and
MVst, and the angle (Asp) between MVp and
MVsy are calculated.

D I (Aste < Asie) and (Aste < Ta), MVp and
MVsr are combined as follows:

MV =a*MVy + B* MV, (3)

Two initial center points are generated, which

are: P = MVstp, Po.=MVs.. It can be shown in Fig.
3(a). The motion speed is estimated ast MS =
IMVsr ~ MVpll.
2) If (Astp < Agre) and (Asir < Ty), MVp and
MVs;. are combined as follows:
MVyp=a*MV, + p*MV, (4)
Two initial center points are generated, which
are: P1= MVgip, P-=MVsr. It can be shown in Fig. 3(b).
The motion speed is estimated as: MS = [[MVg -
MVpll.

3) If both Asre and Agip are greater than T,
three initial center points are generated, which
are Py = MVs, P=MVsr, and Ps=MVp. As
shown in Fig. 3(c).

3. The search pattern

After the initial center points are predicted, a
dynamic search pattern that based on the motion
speed and the predicted points is proposed to obtain
the motion vector, The sum of absolute difference
(SAD) is used as block distortion measure. As
mentioned earlier, there are three cases of the
initial center points. Therefore, the search pattern
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Fig. 2 The motion directions of case 2
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Fig. 3 The motion directions of case 3

makes use of these initial center points and the
estimated motion speed to obtain the MV quickly.
It is described as follows.

3.1 Search pattern for stationary block

1. If SAD is less than a threshold 7ssp, the
initial center point is predicted to be the MV.
As shown in Fig. 4(a).

2. If SAD is greater than Tsap, then a small
rood pattern is applied. The point that with
minimum SAD is determined as the MV. As
shown in Fig. 4(b).

(a) (b)
Fig. 4 Search pattern for stationary block

3.2 Search pattern for one initiai center point

1. If MS is less than a threshold 7ums a small
rood search pattern is applied and the point
with the minimum SAD is determined as MV,
As shown in Fig. 5(a)

2. If MS is greater than Tws, a large rood search
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pattern is firstly applied to find the minimum
SAD point. Then it follows a small rood search
pattern and the point with minimum SAD is
determined as the MV. As shown in Fig. 5(b).

*

Fig. 5 The search pattern for one initial center point

3.3 Search pattern for two initial center points

In this case, the SADs of the two initial center
points are calculated and the one with minimum
SAD is selected as the new search center point.
Finally, the search pattern in section 3.2 is applied
to obtain the MV.

3.4 Search pattern for three initial center points

Similar to section 3.3, the SADs of the three
initial center points are calculated and the one with
minimum SAD is selected as the new search center
point. Then a large rood search pattern is applied
to find out the minimum SAD point. Finally, a
small rood search pattern is used to obtain the
MYV. As shown in Fig. 5(b).

4. Experimental results

To test the performance of the proposed method,
the PSNR and the search time of the proposed
algorithm were calculated to compare with those of
the Full Search, New Three-Step Search, Four-
Step Search and H.Nisar's (the one proposed by H.
Nisar [10]). Four video sequences were used for
the experiments. They were “Suzie (150 frames)”,
“Miss_am (150 frames)”, “Foreman (400 frames)”
and “Carphone (382 frames)”, which were obtained
from [11]. The size of each frame of these videos
was 176-by-144 pixels and the block size was set
to 15-by-15. In the following experiments, a¢ and g
were set to 0.65 and 0.35, respectively. Ta, Tsap
and Tus were set to 45 degrees, 512 and 15
respectively. Table 1 shows the experimental envi-
ronment.

Table 1 the experimental environment

CPU: Dual core(TM) 24 GHz
Operation System: Windows Xp
Memory: 2 GB

VC++ 2005 and OpenCV

Programming Tool:

Table 2 shows the average PSNR (peak signal-
to-noise ratio) of the video of “Suzie”, “Miss_am”,
Table 3 shows the
average time consumption of these video sequences.
As we can see from both tables;, the Full Search
achieved optimal PSNR whereas took much more
time than the other algorithms. FSS and NTSS
achieved similar PSNR and similar time consum-
ption. H. Nisar’s algorithm and the proposed method *
achieved the fastest searching speed while keeping

“Foreman” and “Carphone”.

good performance comparing with others. In the
case of “Miss_am” sequence, since most content of
this video sequence is static and the speed of those
motion blocks is slow, the proposed method achi-
eved high PSNR and fast search speed owning to
its simple search pattern and new prediction strategy.
For the case of complicated background, fast
motion sequence (the “Carphone” video), the PSNR
of the method is degraded. Due to the fast motion
and complicated background, it is difficult to predict
the initial point and obtain a precise MV. As we
can observe from Table.2, the performance values
of all the methods are degraded in this case. In
these experiments, there were totally 320 blocks for
testing, with 183 block corresponding to Case 1,
122 blocks corresponding to Case 2 and 15 blocks
corresponding to Case 3. Most of the blocks were
corresponded to Case 1 and Case 2. Since the
proposed method used a simple search pattern and
predicted the initial points based on the spatio-
temporal MVs, it could achieve high performance in
Case 1 and Case 2 and thus could obtain good
searching speed and maintain good PSNR. Sum up
from table 2 and 3, the average PSNR of the four
sequences of the proposed method is about 0.6dB
higher than that of H. Nisar’s algorithm. Moreover,
the proposed method reduces about 5% of average
searching time comparing with H. Nisar's algorithm

for the four video sequences.
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Table 2 the average PSNRs of the video sequences

FS FSS | NTSS | H. Nisar's | Proposed
Foreman | 31.75 | 31.16 | 3097 29.74 30.97
Carphone | 3042 | 3026 | 3024 2951 29.65
Suzie 3452 | 3436 | 34.20 31.70 32.65
Miss_am | 3833 | 3823 | 3932 3817 38.18

Table 3 the average time consumption of the video
sequences (ms)

FS FSS | NTSS | H. Nisar’s | Proposed
Foreman | 14721 | 1.816 | 1.969 0.367 0.307
Carphone | 14742 | 1.833 | 1.862 0.336 0.338
Suzie 14722 | 1858 | 1.703 0.279 0.276
Miss_am | 14734 | 1.711 1.840 0.152 0.148

5. Conclusion

A fast motion estimation algorithm based on
motion speed and multiple initial center points is
proposed in this paper. The proposed method
predicts the initial center points and estimates the
motion speed by means of the directions of the
spatio—temporal neighboring motion vectors. Accor—
ding to the predicted initial center points and the
motion speed, a dynamic search pattern is then
proposed to obtain the motion vector quickly. For
the slow motion blocks, a small rood search pattern
is applied, while for those fast motion blocks, a
large rood search pattern following a small rood
search pattern is adopted. Due to the new strategy
of initial center point prediction and the dynamic
search pattern, the proposed method achieves good
predicted image quality and speeds up the search

process.
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