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Abstract

In this research, we modelled and derived the motion equation for the
optoelectronic oscillator OEO model based on the Ikeda principle, which consists
of the Mach-Zehnder optical modulator MZM, that works as a nonlinear element
with an optoelectronic feedback OEF consisting of an optical fibre that connects
the modulator to the photodetector and then recovers of the photodetector signal to
the radio frequency RF input port of the Mach-Zeander modulator, which acts as
an optoelectronic feedback system with a delay time tp. The model of the
optoelectronic oscillator OEO was simulated by converting the system response
model from the Integro-Differential Equation to the system of delayed differential
equations DDE and then solving this system numerically by DDE solver using
MATLAB codes. The response of the optoelectronic oscillator system has been
studied and investigated through time series diagrams of the generated signals,
analysis of their frequency spectra and phase attractor, as well as the bifurcation
diagrams of the maximum values versus the control variable. The results of the
numerical analysis showed the existence of various regions of oscillations ranging
from single-period oscillation, double-period, mixed-mode oscillations (a
combination of fast and slow-cycle oscillations), multi-period oscillations, and
chaos oscillations, all of which are as a function of the linear gain factor B with
fixing delay time at a constant value of 20pus. Also the results of the numerical
solutions of the system of Delay Differential Equations (DDE) for the OEO system
showed that there is very large diversity in the oscillation systems, ranging from
single oscillation, double-period oscillation, multi-period oscillations and chaos
oscillations respectively, as functions of the optoelectronic feedback delay times tp

when the linear gain coefficient is fixed at the value of 3.
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Thesis Orientation
This thesis consists of four chapters:

Chapter one starts with an introduction followed by basic concepts and the

literature reviews.

Chapter two tackles the theoretical bases of optical modulator and
optoelectronic oscillator OEO, as well as explaining the modelling of Mach-
Zehnder Modulator MZM with optoelectronic feedback as a chaotic oscillator

which are used in this research.

Chapter three is the main part of the research as it presents the review of
the main results of the numerical simulations of the model of optoelectronic
oscillator, which is constructed from MZM device with optoelectronic feedback

OEFB prescribed by dimensionless delay differential equation DDE.

Chapter four summarises the conclusions reached in chapter three, as well

as shedding light on possible future studies.
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