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This paper presents the performance of four
motion estimation algorithms with present of
zero-mean Gaussian noise. The performance of
Jull search (FS) algorithm, three-step search
(TSS) algorithm, new three-step search (NTSS)
algorithm, and four-step search (4SS) algorithm
with influence of Gaussian noise has been
described for three of famous video sequences.
The critical signal-to-noise ratio (SNR) is
introduced for each algorithm. The worst
performance is often in case of full search
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1. Introduction

Motion compensation is a predictive technique
for exploiting the temporal redundancy between
successive frames of video sequence.

There have been numerous attempts at motion
compensated image coding in the past, each with both
advantages and disadvantages. An early method by
Giorda and Racciu [1] divides the image into a number of
rectangular blocks and determines a displacement vector
for each block via correlation. In the method of pel-
recursive  displacement estimation by Netravali and
Robbins [2], single pixels of the image are operated on
and the displacement for each is determined. The most
effective technique for motion estimation is the block
matching algorithms (BMA). The full search algorithm
(FS) is the most obvious candidate for search technique
for finding the best possible weight in the search area. It
searches all possible locations inside the search window
"W" in the reference frame to provide an optimal solution.

To locate the best match by this algorithm, (2W+1)*

evaluations of the matching criterion are required. Hence,
the full search (FS) algorithm actually has a complexity of

O(W2 ). To reduce the computational complexity, Koga
et al [3] use a three-step motion vector direction search
(TSS) to compute .displacements up to 6 pel/frame. This
method, for W=6 pel/frame, search 25 positions to locate
the best match. Li, Zeng, and Liou [4] modified the three-
step search algorithm to become efficient for the
estimation of small motions. The basic idea of new three-
step search algorithm (NTSS) is that it employs a center-
biased checking point pattern in the first step. The NTSS
algorithm requires 33 block matches as compared to 25
matches needed in TSS. Po and Ma [5] use a four-step
search (4SS) algorithm with center-biased checking point
pattern. This method reduces the worst-case
computational requirement from 33 to 27 search positions
and the average computational requirement from 21 to 19
search positions as compared with NTSS. Many fast
block-matching techniques for motion vector estimation
have been developed and evaluated in the literature [6-
10}.

Once the motion estimation has been performed

for a pair of frames, the motion vectors are used to warp
the pixels of the previous frame towards the current frame
and hence reconstruct the current frame. Due to the noise
effect, motion vectors are not sufficient for accurate
estimation, and there is critical signal-to-noise ratio for
good estimation.
Gaussian type noise is a common type of noise that
appears within images. This kind of noise is due to the
discrete nature of radiation, i.e. the fact that each imaging
system is recording an image by counting photons.

The criteria of failure point for motion estimation
algorithms is described in section 2. This criteria is based
on the peak-signal-to-noise ratio (PSNR) function,
proposed by J. R. Jain, and A. K. Jain in [11]. The
performance evaluations for each algorithm are reported
in section 3. The noise variance is changed to study the
effect of variance on PSNR and the results are reported in
section 4. The effect of changing block size from 8 to 16
is discussed in section 5. Conclusions are presented in
section 6.

2. Criterion of Failure Point for
Motion Estimation Algorithms

The coding performance is measured in decibels
(dB) wusing the peak-signal-to-noise ratio (PSNR)
function:
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PSNR=10log,,
[ (peak — to — peak value of the original dala)‘? ] M
MSE
Where MSE, is the mean square error, defined as:
SE L ]Z\:/ A}_‘{ 2 2
MSE = [Oi,'-—Ri,']
N 21 /21 (i, J)-R(i, J)

Where: O (i) is the original frame, and R (i) is the
corresponding reconstructed frame of size NxM pixels,
based on the obtained motion vectors, The error terms are
not used in the frame reconstruction.

Critical PSNR

Let X(i,j,t) denote the reference frame and
Yo(ij,t) is the original current frame, both of them are
corrupted by noise. It is well known that the covariance of
the image is given by

E[X(.HXG+uj+v,t+dol= o2 R(|ul |v]) ©)

Where E[.] denotes the expectation, 0-2 is the variance
of X(ij.t), and (u,v) is the new location of the pixels at
any time t+dt in both direction i and j respectively.

Let Yr(i,j,t) be the estimates of Yo(i,j,t) and let (du,dv) is
the error of motion vector estimation (u,v) due to the
noise. Thus, the mean square error between the original
current frame and the reconstructed current frame is
defined as

msE=E([¥oGi, J,0)- ¥r6;, ,9] 3 @
But the original current frame Yo(i,jt) and the
reconstructed current frame Yr(i,j,t) can be written as
Yo(i,j,p) = X(@i+uj+v,t) ®)
Yr(i,j,t) = X(@i+u' j+v',1) )
Let du and dv be the estimate error of u and v,
respectively, due to the influence of noise then

du=u-u dv=v-v' O]
Assuming du, dv to independent random
variables thus, for small image variance relative to the
noise variance equation (4) can be simplified using
equation (3),(5),(6), and (7) to yield

MSE =2 2 [1~ E[R(|du] |av))] ®
2

Where ¢y, is the noise variance. For small du and dv
equation (8) can be written as

MSE =2 52 [ - R(E|dul, Elav) ©
Equation (9) is useful for determined the critical PSNR,

let
p2+ 2
Rpljah=p'* 1 (10)

Thus, from equation (9), and (10) the mean square error
between the original frame and the reconstructed frame is
given by

(1D

2, ,2
4 2 Vau“+dv
MSE=25,1-p

For good estimation typical value of p is

around 0.95. For example, assuming that the noise
variance is 800, p= 0.95, and the peak-to-peak value of
the original frame is 255 (8-bit/pixel). Thus, if the
estimation error is one block in one direction only, du =1
and dv= 0, the PSNR is equalto 29./dB. If the error is
one block in both direction, du = 1 and dv=1, the PSNR
would be 27.6 dB. Thus, the PSNR is reduced by 1.5 dB
due to the estimation error within one block. This error
can be accepted so, the value of 1.5 dB with the subjective
test is used as a guideline to determine the critical SNR.
Three viewers judged the test picture with high-resolution
monitors. Displaying the reconstructed and the original
pictures conducted the evaluation.

3. Performance Evaluation

Three of famous video sequences have been used to
evaluate the critical SNR. Each video sequence consists of
different kinds of motions such as zooming, panning, fast
object translation, and etc. They are summarized in table

).

Sequences Format Kind of motion

Tennis 352x240 Zooming and
panning
Carphone 176x144 Fast object
translation

Foreman 176x144 | Panning with object

translation

Table 1. Different kinds of motion with the test video sequences

Motion estimation is performed on the luminance
component of these video sequences with and without
noise effect. Four motion estimation. search algorithms
(FS, TSS, NTSS, 4SS) were applied to eight frames of
these video sequences. The motion vectors were found by
using the mean absolute error (MAE) between blocks, and .
the PSNR were calculated in each case.

An additive Gaussian noise with different SNR, zero
mean, and the variance is 800 was degraded the "Tennis"
sequence. We have applied all motion estimation
algorithms to this sequence. The results show that, the
critical SNR for full search algorithm (FS) is //dB, three-
step search algorithm (TSS) is /0 dB, the new three-step
search algorithm (NTSS) is /0 dB, and four-step search
algorithm (4SS) is 9 dB. This means that the best
performance for the "Tennis" sequence were obtained
using four-step search algorithm, and the same



Radioengineering
Vol. 8, No. 4, December 1999

2-D Motion Estimation of Video Sequnces with Influence of Zero-Mean Gaussian Noise 37
S.Usama, B.8imék, M.Klima

performance were obtained using three-step search
algorithm and the new three-step search algorithm. The
performance of full search algorithm is the worst
performance in this case.

The results of applying the current motion
estimation algorithms to the "Carphone" sequence
corrupted by Gaussian noise, with zero mean and 800
variance, show that the critical SNR for all algorithms are
the same and is equal to 25 dB. This result gives us the
fact that, in case of fast object translation sequences the
behavior of the PSNR for different value of SNR is the
same and relatively high,

Using Gaussian noise with. the same mean and
variance to evaluate the critical SNR for the "Foreman"
sequence. This process results in small critical SNR
compared with the previous sequences. The results show
that, the critical SNR for full search algorithm (FS) is 4.
~ dB, three-step search algorithm (TSS) is 4 dB, the new
three-step search algorithm (NTSS) is 4.5 dB, and four-
step search algorithm (4SS) is 4 dB.

The PSNR for each sequence vs. the frame number
are shown in Figure 1 to Figure 3 respectively.

PSNR
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Fig.1 "Tennis" sequence; The PSNR performance for various search

algorithms.
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Fig. 2 "Carphone" sequence: The PSNR performance for various search
algorithms.
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Fig. 3 "Foreman” sequence: The PSNR performance for various search
algorithms.

Figure 4 shows one of the estimated frame from
the "Tennis" sequence with influence of zero mean
Gaussian noise with SNR 10 dB, and noise variance 800.

Original frame no.13,

Reconstructed using 4SS,

Reconstructed using FS.

Fig. 4 "Tennis" reconstructed frame no.14 with influence of Gaussian
noise(SNR = 10 dB, variance = 800)



38 2.D Motion Estimation of Video Sequnces with-Influence of Zero-Mean Gaussian Noise
$.Usama, B.Siméak, M.Klima

Radioengineering
Vol. 8, No. 4, December 1999

Figure 5 to Figure 7 show the behavior of PSNR
with respect to the SNR for two successive frames of the
current sequences at noise variance 800.
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Fig. 5 "Tennis" frame 13 —> 14: PSNR for various search algorithms.
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Fig. 6 "Carphone” frame 5 —> 6: PSNR for various search algorithms.
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Fig: 7 "Foreman"” frame 7 —> 8: PSNR for various search aigorithms.

4. Performance - Evaluation with
Variable Noise Variance | |

Performance evaluations of the  current
algorithms relative to the noise variance are obtained with
8x8-block. size. The PSNR, with respect to the noise
variance for the same frames in Figure 5 to Figure 7, are
shown in Figure 8to Figure 10. ‘
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Fig. 8 "Tennis" frame 13 —> 14: PSNR for various search algorithms
(SNR =10 dB).
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Fig. 9 "Carphone” frame 5 —> 6: PSNR for various search algorithms
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Fig. 10 "Foreman” frame 7—> 8: PSNR for various search algorithms
(SNR =5 dB).
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S. Impact of block size

We applied all the search algorithms to the
current sequences, for two different value of block size: 8
and 16. The MAE cost function is used for both
algorithms. The obtained results of PSNR performance
using full search and three-step search algorithms, without
noise effect, for "Tennis" sequence, asanexample, are
shown in Figure 11. It can be concluded that, in all cases
there is a very little change in the PSNR performance,

when the block size was increased from 8 to 16.
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Fig. 11 "Tennis" sequences: PSNR performance of full search algorithm,
and three-step search algorithm for two different block size 8x8 and
block size 16x16.

Figure 12 show the behavior of the PSNR with
respect to the SNR for frame 13— 14 of "Tennis"
sequence using block size 16x16 at noise variance 800.
From this Figure it is clear that, The critical SNR value is
approximately equal to the same value for block size 8x8.
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Fig. 12 “Tennis" frame 13 —> 14:PSNR for various algorithms With
block size 16x16, and noise variance 300.

6. Conclusion

In this paper, we have presented a performance
evaluation of three fast motion estimation algorithms
(TSS, NTSS, 4SS) and the full search algorithm (FS) with

influence of zero-mean Gaussian noise. The resuits of
applying these algorithms to a video sequence that contain
zooming and panning are presented which show 9-11 dB
SNR are the minimum limit for good estimation. For
video sequences of panning and fast object translation,
small value of SNR is accepted and the same value for all
algorithms (from 4-5 dB). It is obvious that, for video
sequences of fast object translation the critical SNR (25
dB) is relatively higher than the other video sequences.
Moreover, it is observed that the worst performance is
often in case of full search algorithm. The probability of
error is increased when the number of checkpoint within
the search window is increased. PSNR decreased slowly
and linearly as the noise variance increased at the value of
critical SNR. As we noted from equation (11) for small
error in motion estimation, the PSNR is linearly changed
with noise variance at constant p . Also, it is obvious

that, with all the search algorithms used in this paper, it is
better to select smaller block size for the current video
sequences which will reduce the complexity of the search
algorithin and produce the same performance with present
of zero mean Gaussian noise.
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