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Chapter 1 

Introduction 
1.1 Target Tracking Fundamentals 

Tracking a target involves the knowing the whereabouts of an object at all times. In 
order to do this, tracking systems make use of various features of the target being 
tracked, such as, its image, radar cross section, mass of the object etc. 
Target tracking has many fields of application, in the military field target tracking plays 
a major role in automated missile guidance systems and anti aircraft artillery batteries. 
In the field of industrial automation, target tracking is extensively used in automatic 
guided vehicles (AGV). Tracking mechanism may contain single or multiple sensors. In 
case of multiple sensors, data fusion should be applied to make use of most suitable 
data from each sensor. 

The challenges that need to be over come during target tracking are numerous, the size 
of the target its speed, material, color, shape, background condition, the distance from 
the tracking sensor, and the quality of the sensors them selves influence performance. 

The target may be large and easily identifiable against a contrasting background or it 
may be small and blend in to the background making it difficult to distinguish between 
the noise and the actual target 

Every sensor has a sensing delay, In case of primary radar systems the target is sensed 
once every rotation of the radar antenna. therefore between two sensing cycles the 
whereabouts of the target is not known therefore if the target is a fast moving one, 
compared to the sensor cycle time, data gathered from this sensor(radar) may not be too 
useful in tracking the particular target. 
In case of a camera, ultra sound sensors, infrared sensors, thermal sensors the delay is 
due largely to the A to D conversion process. 

Modem military technologies have developed various materials that absorb radar waves 
making the radar cross section of certain targets very small furthermore the target is 
shaped in such a way that it reflects the least amount of radar energy back to the sensors 
making radar detection even more difficult. 

Condition's in which the tracking system has to operate does not stay static. Whether 
conditions, lighting conditions influence target tracking. 
Last but now least, the quality of the sensors them selves affect target tracking. 
All above examples compound to produce a very noisy sensor output. 

Following publications are more relevant to this project among existing work on related 
subjects, 
Stanciu, Paul Y Oh (2002) studied visually servoed tracking to augment camera tele
operators. Where they designed control systems to keep the target positioned at the 
center of the image automatically augmenting the camera operators inputs . 



Bharat N. Shah, Paul Y Oh (2002) studied biometric visual servoing using a partitioned 
control scheme. This study presented a partitioned controller for the visually servoed 
tracking of objects using both image and kinematics data. Resulting design showed 
similar performance to vision systems in biology. 

Sisil Kumarawadu, Kiego Watanabe (2007) studied high performance Object tracking 
and fixation using a robotic head with stereo vision. 
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1.2 Motivation 

Motivation for the project was born out of the unique control systems challenge 
presented by the process of target tracking. This project runs through the entire gamut 
of topics covered during the Post Graduate Diploma stage. The writer acknowledges 
that project was not under taken to solve a particular immediate problem but to gain 
experience and develop Procedures using existing technologies to solve the much 
complex problem of a military grade low level anti-aircraft artillery system, capable of 
engaging fixed wing aircraft, helicopters and unmanned aerial vehicles(UA V). Hence 
the scaled down laboratory model of the life size system. Further more there are several 
impediments in developing a full scale version. Such as funding and regulatory 
restrictions being a military application. 
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Srilanka, being an island nation will have to guard it self against airborne enemies in the 
future. We have seen in the past that our defenses are most vulnerable to airborne 
attacks of any nature. Our enemies need not acquire highly sophisticated aircraft to 
threaten the very heart of Sri Lanka. Therefore it is prudent to build up our air defenses 
for such attacks in the future. In this Endeavour countries like ours face the formidable 
obstacle of foreign exchange out flow in the form of defense expenditure. Air defense 
systems cost large amounts of money which we can ill afford. Therefore, it is unwise 
not to consider a system of our own, especially given the fact that the technology 
required is more or less available and accessible (alas in fragmented form). Further 
more, if such a system could be developed, it could be commercialized to bring in 
valuable foreign exchange in the future. Though such systems are available in the 
military hardware market, such as the Russian ZSU-23/4 (Shilka) 23mm quad 
automatic Self Propelled Anti-Aircraft (SPAA) gun, rarely does the technology made 
available freely in the form of blue prints as such each country needs to develop its own 
culture of military hardware technology. 
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1.3 Goals and Achievements 

The main goal of this project is to develop the technologies required for the full scale 
target tracking AAA system of a complex air defense system and to implement a scaled 
down prototype. To this end the designer seeks to develop clearly identifiable 
procedures for the purpose of; 

• System modeling techniques 
• Control systems; 
• Motor Drivers and Electronics 
• System implementation using embedded systems for real time control 
• Target characteristics analysis etc. 

In order to achieve aforementioned goals, we needed a pan-tilt base which is capable of 
performing as a laboratory model for the life size system and displays the dynamic 
characteristics of a life size system. Therefore the laboratory model need to be fairly 
large enough such that it incorporates all the mechanical characteristics associated with 
a real systems and in significant quantities, i.e: coupling effects, carioles force, friction, 
gravity etc. Therefore the development of such a system is one of the primary goals of 
the project. 

Fallowing milestones in relation to the goals stated above have been achieved. 

• A fully functional pan tilt mechanism 
• A servo controller having two analog inputs two digital inputs and two analog 

outputs (PWM) 
o Servo controller is capable of driving 8 amperes to two motors at 24 V 

DC 
o Servo controller is capable of In Circuit Serial Programming 

• A machine vision system for target identification. 
• Interface between Target tracking system and Pan tilt platform. . -
• Simulink model ofthe system 
• Solid works model for calculating inertia values 
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• Target characteristics using Fast Fourier Transformation techniques 
• Field test of vision based target tracking system. 
• Through above achievements, the author was able to confirm that the design 

procedure is valid and can yield usable results. 
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