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Abstract 

Surveillance security systems have now become very common and 
companies are using them for various purposes. Surveillance systems 
are now being used to monitor and track the whereabouts of any 
suspected criminal, any un-attended or unidentified object, and also to 
keep a check on vehicles’ movement in and out of a particular city. 
These systems are implemented to provide maximum safety to the 
individual and the property, one owns, which can include a house, a 
car, or any other valuable possession. Companies are now also 
providing automatic home-safe guarding facilities. These advanced 
surveillance systems are meant for safe-guarding of large 
organizations, which are located in high-risk zone to provide security in 
the wake of terror threat. But before the final implementation, it is 
necessary to know about the internal structure and functioning of 
advanced surveillance system. There are two major functions of 
surveillance system. One is the optimization function and the other one 
is the object tracking function. Through optimization, the surveillance 
system is managed to operate in a specified or we can a limited area, 
providing the maximum coverage rage. The sensors of the system are 
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designed to facilitate communication between a centrally-located 
server, thus providing any information gathered from the site. 
 
Where do you think surveillance systems have been most commonly used? Yes, 

the answer is right. They are being used in the military. Although there is a long history 
about military using such advanced systems to monitor the movement of enemy fighter 
jets, submarines, and tanks; but after the terrorist attacks in Washington and Pentagon, 
there has been an unprecedented increase in the usage of advanced surveillance systems. 
The super powers and the allied forces have used these systems to achieve their goals 
and they have reaped good benefits out of these. There is no reason, in near future, the 
companies involved in manufacturing and installation of security systems will emerge 
out as big players. (Soh 20011121-1127) 

 
The efficient use of surveillance system is dependant on various factors. These 

factors include, but are not limited to configuration and alignment of sensors, 
optimization technique used for a certain type of location. (remember that optimization 
of sensors may vary according to the nature of the place; for instance, if you are 
encamped at an area, surrounded by hills and mountains, then the altitude and the 
direction of wind will play a vital role in determining the level of optimisation for 
individual sensor). Another important factor that counts is maintenance of the whole unit 
- the type of battery being used and its shelf life. The conditions prevailing at the 
location, (atop the hill or under the sea) also play a vital role when it comes to optimized 
and efficient use of the autonomous system. Effective communication is required at all 
costs, because conditions are not going to help in this regard. It is the pre-requisite for 
obtaining maximum benefits from the autonomous surveillance system. Without proper 
real-time communication setup, the surveillance system will not provide the desired 
results.  (Piaggio 2005 25-36) 
 
Target Tracking 
A.  The Optimization Program 

The optimization program is based on a genetic algorithm. This algorithm is 
used in modern surveillance systems due to its characteristically distinct approach and 
functioning. It enhances the area of surveillance for the sensors to operate effectively. 
The Ultra-Sonic Ranger SRF 04 sensors are uni-directional with a variable range of 
three centimetres to three meters. The sensors can work like a compass needle, pointing 
towards, North, South, East, or West. The sensors are placed in a grid, having an area 
measuring up to 1000000 square centimetres. Each one of the cell, present in that grid, 
measures up to 9 square centimetres. (Orwel 1999 1104-1107) 

 
The cells are embedded in a chromosome type structure. These chromosomes 

are then used to record readings from the genetic algorithm process, which is the 
backbone of the automated surveillance system. Now the question is how one would use 
genetic algorithm without coding. As coding requires language, there is no better option 
then Matrix Library, (MATLAB). It is a user-friendly mathematical environment, which 
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is used to carry out complex operations. Using the MATLAB, the chromosomes can be 
manipulated easily. After the application of MATLAB operations, these chromosomes 
are represented as a row vector. Within a single chromosome, there are 7500 cells 
available and the required number of sensors for the coverage of an entire surveillance 
area is about 2500.  

 
Every one of us has read about vector quantity. A vector quantity has a specific 

direction. The sensors, used in automated surveillance system can also be treated as 
vectors.  Each vector is constituted with the help of four cells. Each cell is designated 
with a specified task. The first cell records the number of sensors used for a particular 
region. The second cell determines the direction of sensor. The third cell represents the 
Cartesian coordinates of the sensor, while the fourth and the last one monitors the fitness 
of the chromosome structure. There are two types of sensors used in modern 
surveillance systems. One is the boundary sensors, which are thirty four in number, 
while the rest are internal sensors. The internal sensors are used as per the requirement 
of the location and situation. (Gesù 2000 114-152) 

 
The optimization program, used in surveillance system is very complicated but 

still it is very user-friendly. A good optimization program is the one, which can generate 
a whole new set of chromosome or can work on a pre-existing set. Each set is estimated 
to contain 100 chromosomes. Reproduction, Crossover, and Maturation are three 
specified operations, which are used in optimization program.  

 
The most commonly used operation in the optimization program is 

reproduction. Reproduction is a recurrent process, with approximately four fit 
chromosomes re-occurring in the next generation. The Crossover operation is meant to 
affect the internal sensors only. But these sensors are only slightly affected. This is done 
in order to keep the integrity of the sensors intact. The maturation operation is done on 
the coordinates of internal sensors. For best usage and optimal results, the maturation 
rate should be kept at five percent only. The range of covered area and the number of 
sensors used are enough to determine the fitness level of a particular chromosome. 
These two factors are inter-related to each other in the form of an equation given as 
under: 
 
Equation 

 
 
 
 
 

Ike J. Mgbeafulike; Ifeanyi C. Ejiofor; Ogochukwu C. Okeke and Peter C. Ezeanyeji 
 



4 
 

B.  The Tracker 
In the previous section we have discussed about the optimization program and 

its functionality with regards to the surveillance system. Now, it is time to turn our 
attention towards the second phase of the surveillance system, i.e. the tracker. A tracker 
is a very common device; we use it in our cars, in our buildings, in our homes, etc. The 
purpose of using a tracker is to keep an eye on the to and fro movement of personnel, to 
monitor the progress of an object, and so on. There are numerous applications for 
tracker. But here, the researcher will keep focus on describing actually how a tracker 
works. The simple answer is: A tracker works with the help of sensors. As mentioned 
earlier, the two types of sensors, i.e. the boundary sensors and the internal sensors play a 
vital role in determining the mode and efficiency of the tracker. The boundary sensors 
are always kept in an alert mode; meanwhile the internal sensors are put on alert, 
keeping in view the demand of the situation. The boundary sensors are optimized in 
such a way that they can instantly track an object’s movement within the region of 
influence. As far as the communication is concerned, it is carried out between a server, 
located at a distant place. There is no communication amongst the sensors. (Diehl 1999 
102) 

Once the system is set in the operation mode, each of the sensors gets its 
automated direction and distance. On detection of an object, the central processing unit 
of the surveillance system is put on an alert by the boundary sensor. In wake of such 
incident, (detection of an object), the central processor manages to set alert all the other 
sensors including the internal ones. It should be kept in mind that the boundary sensors 
can only detect objects, which lie under the limited coverage area of their influence, 
which in this case, only ranges to 300-cell centimetre square radius. Any thing beyond 
this range will not be detected by the boundary sensor. (Burne and Eadan 1999 238-248) 

 
There is a twisting point here, what if an object is detected by an alert sensor 

other than the boundary sensor? In this case, the direction of the object will be 
determined by using the principles of Geometry. The distance and direction of the object 
will be presumed in the region of influence i.e. 300-cell radius and the direction at 180 
degrees and all the other sensors, excluding the one, which has detected the object, will 
be turned off. The 180 degree rule applies when an object is believed to have moved in a 
different direction other than which was assumed. After proper adjustments, the process 
continues until the object is finally traced.  
 
Results 
C.  Results of the Optimization Program 

The results of the optimization system were very encouraging as expected. 
During a course of two months, when the program was use, it successfully generated 
about 250 generations per run. The time elapsed was more than expected. In fact each 
subsequent run took almost one extra hour to produce a new set of generation. With an 
average of producing 250 generations, during the course of the usage, the program 
generated 5000 generations with a high fitness level of 76.12 percent. The initial value 
for the fitness stood at 60.05 percent approximately. There seems to be huge 
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improvement in percentages after the first fitness test. A total of 122 sensors were used 
in this program with two chromosome structures. (Buczak & Jafari 1999 349-354) 
 
D.  Tracking an Object 

The tracking system also worked efficiently during the course when automated 
surveillance program was in operation. The movement of an object was successfully 
tracked and traced by the system. The best thing about the tracking function was that it 
monitored the movement continuously as there was no significant change in fitness level 
value of the sensors. The tracking system was made operational as soon as the object 
was released and it entered the region of influence of the tracking system. The object 
was made to move in three directions; i.e. South-east, North, or East, or a combination 
of both. The object was controlled in such a way that it could not be move in all three 
directions simultaneously. Initially the target object was meant to move in direction, 
which is diagonal to its entry point. At this point, the sensors were able to detect the 
movement of the object. Similarly, at another instant of time, the object started to move 
in S-shape. Although it was difficult direction to detect for the sensors; but the 
automated sensors were still able to detect the movement of the object. (Azarbayejani 
1995 562-575) 
 
Conclusion 

In this paper, the researchers have given a detailed account of autonomous 
intelligent agent tracking system. It is a multi-purpose surveillance system that works in 
two phases. In the first phase an optimization program for the working of sensors is 
presented, while the second phase deals with the object tracking mechanism details. The 
optimization is done to cover a specific area range, while the tracking function is 
monitored through inter-agent communication via central processing unit. This 
surveillance system is both economical and cost-effective. It helps save power loss by 
allowing only specified number of sensors to work to detect the object. Other sensors, 
not in use at that time are kept in stand-by power save mode. Researchers are eager to 
use this surveillance system in more challenging areas such as forests, terrines below the 
sea level, where mobile sensors are required in order to avoid sensor failure within the 
surveillance network. 
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Appendix 
 

  
Figure 1. Beam Pattern for the Ultra-Sonic Ranger 
 
 
 
Table I: Values Held Within Each Cell of the Chromosome 
 

Cell Values cell can hold  
1 0 to 123  

2, 5, 8, … 365, 
1, 2, 3 or 4 

 

368 
 

  
3, 6, 9, … 366, 

50 to 950 
 

369 
 

  
4, 7, 10, … 367, 

50 to 950 
 

370 
 

  
371 0 to 100  
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Figure 2. Chromosome Structure 
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Figure 3. The Types of Sensors within the Surveillance Region 
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Figure 4. Detection of an Object by a Boundary Sensor 
 
 

 
Figure  5. Reason for the Choice of 180 degree 
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Figure 6. Resulting Maximum Fitness of Each Population, From One Generation to 
the Next 
 

 
(a) 

Figure 7. A Pictorial Representation of the Amount of Area Covered by Two 
Groups of Sensors (Encoded in Two Chromosomes), One with A Fitness of A) 
60.05% and the Other B) 76.12%. 
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The brighter regions indicate more over

 
                                                         (b) 
Figure 7. B) 76.12%. The Brighter Regions Indicate More Overlap 
 
 
 

 
Figure 8. Tracking of an Object within the Surveillance Region. Note the Starting 
Point of the Object 
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Figure 9. Tracking of an Object within the Surveillance Region. Note the Starting 
Point of the Object 
 
 

 
Figure 10. Tracking of an Object within the Surveillance Region. Note the Starting 
Point of the Object 
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