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ABSTRACT

The system that has been designed and constructed combined of laser
tracking system and video tracking system. The laser tracking system
consists of laser source, optomechanical housing, electro-optic unit and
interfacing unit. The laser beam was transmitted to a moving target and
received by the optical receiver. The heart of the optical receiver is the
quadratic detector, which is received the returned beam and converted to
electrical signal and then to digital signal through an ADC and that shown as
image of the target on the monitor.

In video tracking the CCD camera has been used, and the moving
target detected. The performance of the system is evaluated by conducting
several tests on computer and camera generated scenes for different target
and background conditions.

The software used to determine the error function in the target
position is a visual basic program.

There are many advantages of this system:

First, the system combined of laser tracking and video tracking; this gives
cooperative performance with high efficiency. Second, the system used four
ADC rather than one ADC with multiplexer so the system is fast. Third, The
software program has the ability to process directly with the PC. RAM
without returning to the drivers of the video card. This point is very
important because the principle of the real time may be approached. Four,
The calculation of the attenuation is analytical, rather than empirical in the

other systems. Finally, the Cassegranian optomechanical housing has been



used in this system is better than Newtonian, Gregorian and Herschelian

optomechanical housing.

LIST OF TABLES
No. Title Page
Table (2-1) The atmospheric gases and their influence upon the 75
optical radiation
Table (2-2) Spectral transmittance of water vapor for horizontal path 76
at sea level
Tat8ea(Bebnversion command 99
Table (3-2) Stop conversion command 100
Table (4-1)  The value of the parameters for As-30L and the designed 1()9
systems
Table (4-2) Value of the received power with the range 118

Xi



No.
Fig. (2-1)

Fig. (2-2)
Fig. (2-3)
Fig. (2-4)
Fig. (2-5)
Fig. (2-6)
Fig. (2-7)
Fig. (2-8)
Fig. (2-9)
Fig. (2-10)

Fig. (2-11)
Fig. (2-12)
Fig. (2-13)
Fig. (2-14)
Fig. (2-15)
Fig. (2-16)
Fig. (2-17)

Fig. (2-18)
Fig. (2-19)
Fig. (2-20)

Fig. (2-21)
Fig. (2-22)

LIST OF FIGURES

Title

The three reasons showing the failure of the unguided

weapons.
Closed loop system.

Active tracking

Semi active tracking.

Passive tracking.

Elevation angle

Azimuth angle.

Angle tracking receiver

Space filtering by a rotating reticle.

Plot of maximum unambiguous range as a function of the

pulse repletion frequency.
The principle of tracking by using the radar system.

The quadrant detector tracking.

Quadrant detector segments.

Silicon position sensors

A real time TV tracking system.

The principle of edge detection.

Arrangement for obtaining the correlation of the f (x, y)
and g (x,y) at a given point.

Optics and detection system.

Quadrant photodiode construction.

Comparative outputs for a pulsed image falling in

different position on the detector.
Simple geometry of detector’s elements.

The field of view for the error signals.

xii

50
51
52

53
56



Fig. (2-23a)

Fig. (2-23b)
Fig.(2-24)
Fig. (2-25)
Fig. (2-26)
Fig. (2-27)
Fig. (2-28)
Fig. (2-29)
Fig. (2-30)
Fig. (2-31)
Fig. (2-32)
Fig. (3-1)
Fig. (3-2)
Fig. (3-3)
Fig. (3-4)
Fig. (3-5)

Fig. (3-6)
Fig. (3-7)
Fig. (3-8)
Fig. (3-9)
Fig. (3-10)

Fig. (3-11)
Fig. (3-12)
Fig. (3-13)
Fig. (3-14)
Fig. (3-15)
Fig. (4-1)
Fig. (4-2)

Determination of tracking region relative to the sensitive

area of the detector.
Determination of 1.

Newtonian mode.

Cassegranian mode.

Gregorian mode.

Herschelian mode.

The optical part of X-29L.

Refractive system.

Catadiopetric system.

The centroid-tracking block diagram.

Target and background.

The designed optical unit.

Detector’s configuration.

Measurement of the field of view.

The external view for the mechanical unit.

The cross section of the mechanical unit which contains
the optical and opto-electronic units.

The mechanical head layout.

The amplifier circuit.

The digitizing circuit.

The interfacing circuit.

The block diagram for the digitizing and interfacing

circuit.
The detection part of the CCD camera.

The sampling process.

Video signal in object separation.

The tracking zone.

The flow chart of the used program.

The spectral response for the quadrant detector.
Divergence of the laser beam with the range.

xiil

57

57
59
60
60
61
63
63
64
67
67
80
81
87

89
89

90
92
94
96
98

102
104
104
106
107
110
114



Fig
Fig

Fig
Fig
Fig

Fig
Fig
Fig
Fig

. (4-3)
. (4-4)

. (4-5)
. (4-6)
. (4-7)

. (4-8)

. (4-9)
. (4-10)
. (4-11)

The main menu of the program.

The relation between the received power and the range.

The relation between the visibility and the range.
The output of the computer when there is no error.

The digital signal when the spot is centered on the

detector surface.
The output of the computer when the target is moved.

The digital signal when the target is moved.
The object tracking by using the software.
Example of the filtering software.

Xiv

116
117

118
120
121

122
123
127
128



XV



	DEDICATION
	CONTENTS
	Title
	Page
	Acknowledgement
	Dedication
	Contents
	Abstract
	List of tables
	List of figures

	CHAPTER ONE
	INTRODUCTION
	History of tracking
	The aim of the work
	Literature review

	Presentation of the thesis
	Introduction
	Tracking system classification
	Passive tracking
	Tracking basic parameters



	Reticle tracking
	Radar tracking
	Laser tracking
	Silicon Position Sensors
	Another laser tracking system

	Television tracking



	Pulsed laser tracking.
	Quadratic detector
	Field of view
	Determination of tracking region
	The optical system
	The reflective system
	The refractive system
	The catadiopetric system
	The electro-optical system
	Video tracking technique
	Centroid tracking
	Transmission of infrared radiation
	The atmospheric absorption
	The atmospheric scattering
	CHAPTER THREE
	EXPERIMENTAL WORK
	Introduction
	The hardware part
	The optical receiver unit
	The optoelectronic unit
	Description of quadratic detector
	The detector parameters
	Measurements of the field of view of Detection’s unit
	The mechanical unit
	The electronic unit
	The amplifier circuit
	The Digitizing Circuit (Analog to Digital (A/D) Converter)
	The Interface Circuit
	The software part
	Video tracking technique
	Charge coupled device sensor
	The video signal
	The video tracking software
	CHAPTER FOUR
	Introduction
	Detector parameters calculations
	The spectral response
	Measurement of the Noise Current
	NEP, D, D٭’s Calculation:
	Measurement of the field of view
	The Quantum efficiency
	Calculation of the atmospheric transmission
	Presentation of laser beam’s behavior
	Results of the computer software in video tracking
	Results of TV tracking
	Field of view of the camera
	Centroid tracking
	The moving object tracking
	The tracking resolution
	Conclusion
	Suggested work
	References
	Appendix
	Table (2-2)


	Spectral transmittance of water vapor for horizontal path at sea level
	Table (3-1)

	Start conversion command
	Table (4-2)

	Value of the received power with the range
	Fig. (2-19)

	Comparative outputs for a pulsed image falling in different position on the detector.
	Fig. (2-23a)

	Determination of tracking region relative to the sensitive area of the detector.
	Fig. (2-23b)

	Determination of ropt.
	Fig. (2-25)
	Fig. (2-26)
	Fig. (2-31)
	Fig. (2-32)
	Fig. (3-1)
	Fig. (3-5)
	Fig. (3-10)
	Fig. (3-11)
	Fig. (3-12)
	Fig. (3-13)
	Fig. (3-14)
	Fig. (3-15)

	The flow chart of the used program.
	The main menu of the program.


