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ABSTRACT

In this thesis the problems of missile modeling and guidance
design are attacked. Missile modeling provides the required
environment to study different guidance techniques.

A realistic missile model is built considering rigid body dynamics
in 3D space, variation of missile mass and its effect on missile
motion, air flow around missile and its effect on aerodynamics
forces and moments, propulsion system, actuators, different
coordinate systems representation and translation, navigation
system over non-spherical earth, different measurement devices
like accelerometer, rate-gyroscope, displacement-gyroscope,
infrared detector, radar detector, GPS system, angle of attack and
sideslip angle detectors. Also environmental aspects like wind, air
turbulence, earth rotation and gravity are modeled. This model is
suitable for both mid-course and terminal flight phases.

The proposed model is implemented as integrated component for
SimulaWorks simulation package. The implemented library is
optimized for both high simulation speed and accurate
calculations. Also a virtual reality is built to provide visual
environment to represent missile motion and missile-target
interaction.

A software package is developed especially to study the
aerodynamics for the whole missile system under different flight



conditions. The software is optimized for PC computation power,
and succeeds to provide an estimate value of aerodynamics
coefficients.

Different guidance techniques are studied over the proposed
model, covering the conventional guidance, optimal guidance,
model-based guidance, adaptive guidance and intelligent
guidance. Different flight-control aspects are studied carefully
like target-tracking, regulation, hit-range, hit-angle, maneuverable
target, high speed targets (ballistic missiles), target prediction,
attack angles limitation, guidance policy, input noise,
measurement noise, load and disturbance.

A new guidance algorithm based on digital Dead-Beat Dahlin is
proposed. Both offline and online Parametric GLS identification
are used to model the missile system and to provide controller
adaptation. The proposed solution succeeds to provide fast hit
time, minimum IAE, better tracking. Also it succeeds to intercept
maneuvering targets.

Another solution is proposed for exact target prediction. The
proposed idea is tested against noisy radar reading with large
sampling time and communication delay, it is applied within
convention and fuzzy guidance. The simulation results give
minimal hit time and very accurate hit range.

Finally, a new technique is proposed to intercept very high speed
ballistic targets, it uses modified version of above prediction
technique. It succeeds to intercept the modeled target with
minimal hit-range. Also it provides better interception probability
over normal prediction techniques.

Key Words: System Modeling, System Simulation, Guidance, Automatic
Control, System Identification, Computational Flow
Dynamics, CFD, Aerodynamics, Fuzzy Logic, Genetic
Algorithm, Maneuverability, Target Prediction.
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3D Intelligent Object Tracking
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In this thesis the problems of missile modeling and
guidance design are attacked. Missile modeling
provides the required environment to study different
guidance techniques.

A realistic missile model is built considering rigid body
dynamics in 3D space, variation of missile mass and its
effect on missile motion, air flow around missile and its
effect on aerodynamics forces and moments,
propulsion system, actuators, different coordinate
systems representation and translation, navigation
system over non-spherical earth, different measurement
devices like accelerometer, rate-gyroscope,
displacement-gyroscope, infrared detector, radar
detector, GPS system, angle of attack and sideslip
angle detectors. Also environmental aspects like wind,
air turbulence, earth rotation and gravity are modeled.
This model is suitable for both mid-course and terminal
flight phases.

The proposed model is implemented as integrated
component for SimulaWorks simulation package. Also
a software package is developed especially to estimate
aerodynamics coefficients.

A new guidance algorithm is proposed (ADC). Both
offline and online Parametric GLS identification are
used to model the missile system and to provide
controller adaptation. The proposed solution succeeds
to provide fast hit time, minimum IAE, better tracking.
Also it succeeds to intercept maneuvering targets.

A new method is proposed for exact target prediction.
The proposed idea is tested against noisy radar reading
with large sampling time and communication delay.
This method is also adapted to intercept very high
speed ballistic targets.
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