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Abstract - This work represents a comparison of several 
methods for target tracking in noisy environments using 
motion-energy and template location based approaches. 
In order to remove the registration noise, a 
morphological filter has been adopted. Since the scale 
and rotation of the target change, a template update 
method has been used. The performance of different 
methods to compare their respective speed and 
accuracy have been evaluated and the results obtained 
are presented. 

I. INTRODUCTION 

Motion detection and tracking are interesting 
and useful area in computer vision. They can be used 
in military and industrial applications. There have 
been many works concerning the detection and 
tracking problem. Here, we compare several methods 
for target tracking in noisy environments using 
motion-energy and template location based 
approaches. 

Motion-energy based target tracking systems 
rely entirely on motion detection to detect the moving 
object. They have the advantage of being able to track 
any moving object regardless of size or shape [l]. In 
addition to computational simplicity, motion-energy 
method is suitable for pipeline architectures, which 
allow it to be readily implemented on most high- 
speed vision hardware. The obvious disadvantage is 
that it is not robust against noise. 

In template location based methods, a 
template image is searched in a given scene. They 
have the advantage of giving the better results in 
noisy environments, but it takes longer time [2]. Four 
methods for image location are outlined in this work. 
The performance and robustness against noise of 
these algorithms have been tested using real images 
with additive noise. 

11. MOTION-ENERGY METHOD 

of the method is described in Fig. 1. The simplest 
implementation of motion-energy detection is image 
subtraction. Consecutive images I(t- 1) and I(t) are 
subtracted from each other, pixel by pixel. Fig. 2 (a) 
and (b) shows two frames of an image sequence taken 
with a CCD camera. The absolute value of the 
difference image is taken and thresholded by 
moment-preserving [ 3 ]  method to segment the image 
into static and dynamic regions. The illumination and 
sensor noise is eliminated by thresholding. Fig. 2 (c) 
shows the result of image subtraction and 
thresholding. 

Since registration noise will definitely occur; 
it usually consists of thin lines that may seriously 
influence the calculation of the target’s location. In 
this work, morphological filtering is used to remove 
it. Fig. 2 (e) shows the result of morphological filter. 
In order to estimate the position of the moving target 
at time t, a binary edge image of the current frame is 
obtained. Here, Sobel edge detector is used. Fig. 2 (d) 
shows the result of Sobel edge detector. Then this 
image is ANDed by subtracted and filtered image. At 
the last stage, centroid of the moving target image is 
calculated. Fig. 2 ( f )  shows the result of last step. 

MorphologicaEJiltering 

Morphological filters [4], [ 5 ]  have been 
applied to the images for removing registration noise. 
Registration noise can not be removed via the 
thresholding operation exactly. Here, we used the 
opening operation. Opening of a binary image A by a 
structuring element B, denoted by O(A,B), is defined 
as an erosion followed by a dilation. 

O(A,B) = D [E(A,B),B] E [A@(-B)] 0 B (1) 

where 0 and 0 denote Minkowski subtraction and 
addition, E and D denote erosion and dilation 
operations respectively. 
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Fig. 1 Block diagram of motion-energy method. 
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Fig. 2 Results of algorithmic steps in motion-energy method, 
a) The image observed at timet: I(t), b) The image observed at time t-1: I(t-l), 
thresholded image, d) Edges of I(t) by using Sobel operator,e) Result of the morphological filtering, 
fl Centroid of the moving 1:arget after “AND “ operation. 
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pixels, 2x2 or 3x3 square structuring elements shown 
in Fig. 3 is used. The extracted moving target image 
will be thinned, not completely eliminated. However, 
it can be recovered by another dilation operation on 
the eroded moving target image with the same This method defines the following distance 
structuring element. If the erosion mask is wider than 
a given region that region will be eliminated 

Template matching 2: Sum of the squared values of 
diflerence between the pixels of the picture and the 
window 

function [2]: 

completely and not appear after dilation. I min(k,i) Id W ,  1) = 22: ~~~' (10 + k, j + 1) -'Vi, j))'} (3) 

The distance between two images is then e. ..e defined as the sum of the squares of the differences 
.e 0.0 between their pixel amplitudes. As in the previous 

0 0 .  method, the position with the minimum cost function 
is selected as the location of the desired pattern. 

Template matching 3: Cross-correlation method 
Fig. 3 The structuring elements used in noise filter 

111. TEMPLATE LOCATION METHOD 

Motion-energy method does not give better 
results in noisy environments. In that case, template 
location techniques are more effective. In this part, 
the performance of different template location 
methods[2] have been evaluated and results obtained 
are presented. Here, we used the following notation: 
I(k,l): KxL, is the image i n  which we want to find a 
certain image, and T(i,j): NxM, is the template image. 
Fig. 4 shows the template image of size 25x61 pixels. 

Fig. 4. Template image: T 

This method has been the most widely used 
for object detection in noisy images. The most 
probable location for a template in an image is the 
one that maximizes the following function: 

(4) 

This method can be implemented very fast 
way by using FFT algorithms. In order to get two 
FFTs with the same amount of points, it is necessary 
to introduce the template image of size M XN in an 
array of size KxL, filling the rest of the array with 
zeros. Maximizing the cross-correlation function is 
functionally equivalent to minimizing the sum of the 
squares of the differences of the pixels between two 
images in the case of pictures whose energy is 
approximately constant over windows of size MxN. 

matching Sum Of the Of Template matching 4: Correlation CoefJicient method 
difference between the pixels of the picture and the 
window When the energy of the image is not constant 

over windows of size M, it is necessary to normalize 
the cross-corre~at~on in order to get comparable 
values, independent of the picture energy. For that 
reason, the correlation coefficient is used. It is 
defined as 

The objective of the algorithm is to minimize 
the following distance function [2]: 

min~k,i~{dl(k,l) = c:;' cEa'l I(i+kj+U-T(i,j) 1) 

E:;' cf"=i'I(i + u , j  + v)T(i,j) ( 5 )  
If the size of the images are relatively large, 

that of methods based i n  the use of Fourier space. 
However, it has the advantage of using only integer 
operations. Therefore, this is one of the most widely 
used real-space based methods. 

the execution time of the algorithm is greater than 
M-l 7 1 

,,/c~~c~~13(i+ u , j + v ) ~ : ~ c J = o  T-(i,j) 

The numerator is equivalent to the cross- 
correlation function. For this reason, it can be 
calculated using the FFT algorithm. 
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Template update 

If there is a rotation or scaling change in the 
template , constant template hypothesis does not give 
good result. To prevent this deficiency, dynamic 
region which is obtained from last step of the motion 
energy method is used to update ternplate. For this 
purpose inner region of rectangular window in Fig.2-f 
was used to update template. If mean and variance of 
the rectangular window pixels gives a difference 
more than f 1 0  YO template is updatedl. 

1V. EXPERIMENTAL RESULTS 

In this section, the different methods for 
target tracking have been tested on real images. The 
hardware platform consists of a Pulnilx TM765 CCD 
camera, Scorpion real time frame grabber (640x480 
and 8-bit resolution) and 486DX2-50 PC. Algorithms 
have been run in Borland C software. First, noise 
performance has been given. The noise type used for 
this purpose is additive Gaussian noise. Fig. 5 and 
Fig. 6 show the results of the application of different 
algorithms on noisy images of size 160x160 with 
SNR=3 dB and SNR=l dB. Since we have discarded 
the cross-correlation method as useless in noisy 
environments, the result of the application of this 

method is not shown. As shown, motion-energy 
method did not work well in SNR=1 dB. 

Table-I shows the execution times of the 
algorithms. After a close examination of the Table 1, 
one observes that motion-energy method is faster 
than template location methods. 

Fig. 7 shows the location error with respect to 
SNR. The location error has shown oscillation when 
the SNR was increasing. 

V. CONCLUSIONS 

Several methods have been described and 
tested for target detection. It has been observed that 
motion-energy method is the fastest of all the 
methods described. But it is not robust against noise. 
In order to remove sensor and illumination noise, 
moment-preserving method has given better results. 
Cross-correlation method has shown the worst 
performance in detecting the position of targets. 
Correlation coefficient method has given the best 
results in noisy environments. 

In the future, a novel video tracking system 
with adaptive predictors are planned to be developed. 

I '  

Fig. 5 Results of the different algorithms for SNR=3dB, 
a) noisy image, b) motion-energy for 2x2 structuring element, c) motion-energy for 3x3 structuring element, 
d) template matching- 1, e) tempkate matching-2, f) template matching-4. 
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Fig. 6. Results of the different algorithms for SNR=ldB, 
a) noisy image, b) motion-energy for 2x2 structuring element, c) motion-energy for 3x3 structuring element, 
d) template matching- 1, e) template matching-2, f) template matchingd. 
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Fig. 7 . Position error with respect to noise in X and Y axis , 
o:Error of the motion energy method with 3x3 structural element ,x: Error of the motion energy method with 5x5 
structural element , +:Error of the template matching -1, -:Error of the Template matching -2, *:Error of the 
template matching -4 . 
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Table-1 Execution time of the methods 

Method Motion Template Template Template 
Matching- 1 Matching-2 Matching-4 

104 142 35 
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