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Abstract 
In this paper, we establish a nearly real-time 

surveillance tracking system, which is able to detect 
any person who intrudes to a prohibited area and lock 
his head image at the scene center. The entire 
underlying algorithm consists of a motion detector, a 
modified ellipse head tracking algorithm, auto- 
zooming ability, and a VPDA filter which is modified 
by Probabilistic Data Association filter (PDA filter). 
The system operates about 35ms and actively controls 
the camera platform pan and tilt motion to track a 
person in real environment. Finally, a number of 
experiments are conducted to validate the effective 
functionality of the head tracking system. 

1 Introduction 
Although visual tracking of a person in an 

unmodified environment has greatly progressed in 
recent years for computer vision research, there are 
still problems for visual tracking with the active servo 
control. Because for the stationary camera or a video, 
there exist some technologies, like background 
differencing [ 5 ] ,  which can achieve the tracking 
objective; however, it does not allow for the active 
camera. The reason is that when camera moves, the 
background relatively moves, too. 

Owing to that the human head is an obviously 
distinguishable feature of the body, we focus on the 
tracking of the human head. Nevertheless, the 
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common face detection methods on stationary images 
are time-consuming with respect to the real- time 
requirement and hence the active tracking of the 
tracking system would easily fail in such a situation. 
Based on the elliptical head tracker [l], this paper 
proposes a real-time algorithm for tracking human 
head with a moving camera, which turns out to be 
suitable for the underlying problem. Therefore, we 
here compose this ellipse head tracker with our motion 
detector, auto-zooming ability and modified VPDA 
filter to establish a robust surveillance tracking system. 
Each component will be described in Section 2 and 3. 

I ml 
I I 

Fig. 1 The overview of overall system architecture. 

2 Head Tracking System 
The architecture of our visual tracking system can 

be easily shown by the block diagram in Fig. 1. The 
real-time image sequence is provided from a camera, 
which is mounted on a pan-tilt servo platform, and is 
then passed to the target detection unit. 
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2.1 Motion Detector 
A natural question to be raised here is that: “Why 

don’t we directly use the ellipse method to find the 
moving human’s head with a stationary camera, but 
use the motion detector?” This is due to the fact that 
the image size is too large to do the complete-search 
in each frame, or it may meet the problem of 
time-consuming. In other words, we need to locate the 
human’s position by using other methods. 

As shown in Fig. 2, two consecutive image frames 
I ( k )  and I ( k - 1 )  are subtracted pixel by pixel, 

and the results are then binarized. Later in the sequel, 
we will call it subtracted image. The number of bright 
pixels are summed up and the sum is compared with 
the threshold. If this number is less than the motion 
detection threshold, the motion detection unit 
examines the next two consecutive frames; if the 
number exceeds the motion detection threshold, we 
declare that a target is detected. 

Subtraction i 
Moving 

Number of Target 
pixels with Detected 

: ............................... . No Moving Target 

Fig. 2 Block diagram of the motion detection unit. 

We include the concept of “moving edges” [2]. 
This can be achieved by the following steps. First, we 
obtain an edge image of the current frame at time t. 
Then, we incorporate this information with the 
subtracted image as mentioned previously by taking a 
logic AND operation between the two images. This 
highlights the edges within the moved pixel region to 
obtain the moving edges in the latest image, as shown 
in Fig. 3 .  Now, we can finally feed this moving edge 
image to the ellipse method. 

2.2 Ellipse Algorithm 

mwing edge h g e  

Fig. 3 The overall flowchart of moving edge image. 

In [l], to emphasize the contour of head in an 
image, we use the edge image for head tracking (see 
Fig. 4). And just like the template matching, we need 
to sum the total gradient values pixel by pixel in the 
edge image along a pre-constructed ellipse model. 
When finishing the sum-up action for an ellipse, we 
will shift the center of ellipse to the next pixel and 
compute the total sum along the perimeter of the 
ellipse again. After going through all the search area, 
we can get the largest value corresponding to the 
distribution of edge pixels which resembles the ellipse 
model the most, that is, mostly like the head contour. 

The process in each searching loop can be 
summarized by the following normalized sum 
equation 

where s = (x,y,sz) is the ellipse’s state, in which 
(x ,y)  is the position of the center and sz means 
the size of the ellipse; g i i s  the gradient at perimeter 

pixel i and No is the total numbers of all pixels 

along the perimeter of ellipse. 
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Fig. 4 Search the head shape in edge image. 

From the past work [8], though the author 
combines the ellipse algorithm with use of the color 
histogram, the performance is not improved 
considerably. The potential problem is that the color 
model does not perfectly match the head's color 
distribution at different poses. For example, if we only 
use the facial skin color for matching, it will fail when 
one turns back with his head covered by hairs. 
Therefore, a better approach is taken from [8], which 
includes both the hair and skin colors. Nevertheless, 
the problem still remains. Since the ratio of the hair 
and skin color is heuristic and situation dependent, the 
color model for perfect matching is hardly built. As a 
result of the ambiguity of the color model, the tracking 
performance has limited improvement and hence we 
decide to take the template matching method instead. 

To integrate these two methods, we take the 
same center for both the ellipse model and the 
template which is chosen to be of size 16x 16. By this, 
not only the similarity information can be fused 
together, but also the 16x 16 template will always be 
guaranteed to lie inside the ellipse regardless of the 
size of the ellipse model. Thus, it is impossible for the 
template to include the background image besides 
head. The best head position is now modified as 

S* = arg max { 4, (si) + &AD (si I} , (2) 
S , € S  

where S is the center position of the ellipse model 
and also of the template, S is the search area, 3g is 

the score from the original gradient value of the ellipse 
method, and ?,, is the score from the template 

matching. Both are normalized as the following 

Another problem is the weighting factor. 
one of 3g and JsAD fails, the representation 

weighted match-score may no longer be 

When 
of the 

valid. 
Therefore, if the weighted match-score can be 
adaptively chosen by assigning different weighting 
ratios, as shown below: 

(3) 
S , E S  i" 10 - I s* = argmax ~@,(s,)+%?-~(s,) 3 

via evaluating the confidence measure of each 
matching method, the representation of the weighted 
match-score should be much more effective. 
Motivated by the current prevalent use of fuzzy 
membership functions, we construct a look-up table 
that can assign the suitable weighting ratios for the 
weighted match-score formula, as shown in Fig. 5 .  

SAD values 
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Fig. 5 The look-up table of weighting factors 
"g : w~~~ * 

2.4 Auto Zooming 
Although ellipse algorithm derives good 

performance of tracking, it still has some defects. Due 
to the limitation of fixed zoom of camera, a human 
being to be tracked cannot stand too far or too close. 
That is because when human being comes closer, his 
head would become larger and even bigger than our 
maximum size of the head model. Similarly, when 
human being goes far away, his head will shrink to a 
small bright ball, not an ellipse any more. If the 
environment unfortunately is cluttered enough, the 
noisy edges of a group can form the same bright ball, 
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too. Hence, we can’t let the size of the ellipse model 
be too small to track in image. It may lose the head 
very soon. 

For this reason, we want to control the zoom of 
the camera. In other words, we want to keep the size 
of the head image at a fixed value. We not only can 
track target more stable, but also can enlarge the 

Fig. 7 Focal length (camera constant) vs. zoom. tracking field due to the zoom capability. 

Fig. 6 Similar triangles of optical lens. 

The VPDA filter, in fact, is the original 
probabilistic data association (PDA) filter ([3][4]) 
integrated with the visual information, which is 
introduced by this work. The original PDA filter has 
been proposed in radar tracking for many years. By 
the radar or sonar sensors in realistic environments, 
there many extraneous incorrect data, such as 
electronic system noise, false alarms, and other targets, 
result in the degradation of tracking performance, or 
even result in loss of tracking. Therefore, someone 
brings up the PDA theory. 

From Fig. 6,  let Z; be the desired fixed size, and 

zi be the real head size in image. By using principle 
- -  

of similar triangles, we can get the following equality The concept of PDA filter is that since the 
best-match may be wrong due to the other incorrect 
data, why don’t we consider all of the possible targets? 
If the best-match target is not the actual target, it still 

(4) u v v  -=-=-, 
Zo zi Zi 

After slight modification on this equation, we can 
obtain 

can be the second-match or else. Therefore, the PDA 
filer obtains just an averaged data which includes all 

( 5 )  

Based on the above equation, we can always compute 
the camera constant v ’  corresponding to the fixed 
size Z! , which is defined to be 16, as desired. The 

reason of choosing 16 to be the fixed size is not only 
for clarity but also for suitability for ellipse algorithm. 
Because if the ellipse size is too small, the edge 
detection will more easily converge to the facial edge 
inside the head image, whereas if the size is too large, 
the computational cost will increase dramatically and 
the tracking will be lost more easily. The relationship 
between focal length (camera constant) and zoom 
value is calculated in advance, as shown in Fig. 7. 

3 Trajectory Design 

of the possible target’s data. The method it applied is 
the probability. It computes the posterior association 
probabilities for all current possible candidate 
measurements and uses them to form a weighted sum 
of innovations for updating the target’s state in a 
suitably modified version of the Kalman Filter. These 
details can be referred to [7]. 

4 Experimental Results 
In the past work [ 7 ] ,  we have demonstrated many 

successful experimental results. However, tracking in 
the low-contrast background is somewhat weak. 
Hence, we especially provide a modified ellipse 
algorithm, which is combined with the SAD template 
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matching, to improve the tracking performance in 
front of the low-contrast background. Figure 8 
successfully demonstrates the better tracking 
performance in the low-contrast environment of 
the modified ellipse method, which is combined 
with the SAD template matching. Figure 8(a) 
shows the 3 6 0  rotation test and Fig. 8(b) 
demonstrates the partial occlusion test. 

5 Conclusion 
We successfully develop a real-time head tracking 

system. It mainly applies the theory of the VPDA filter 
to upgrade the performance of original elliptic head 
tracker in cluttered environment. And due to the 
auto-zooming capability, our tracking system can 
increase the tracking range and enlarge the tracking 
field. As a consequence, we are confident that the 
developed system can be used in many 
surveillance applications. 
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(a) The 360” rotation test in low-contrast background for modified ellipse method, 
which is combined with SAD template matching. 
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( 5 )  
(b) The partial occlusion test in low-contrast background for modified ellipse method, 

which is combined with SAD template matching. 
Fig. 8 The demonstrations of the ellipse + SAD template matching method. 
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