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Abstract

In this thesis four subjects of optical chaotic signals generation, control
and synchronization have been investigated experimentally and numerically
simulated. The measurements in this work based on time series analysis (signal
spectrum or fast Fourier transforms, phase or attractor diagrams, inter-spike
interval). The experimental part of this work was carried out at the laser
laboratory of the Institute of National Optics (INO), Florence, Italy. First
subject of this work is generating slow rate (few hertz to sub megahertz range)
optical chaotic spiking by semiconductor laser diode subjected to
optoelectronic feedback based on (incomplete Homoclinic form) and
governing the oscillation regimes(periodic, quasi-periodic, chaos) by varying
one of the control parameters(bias current of the laser and feedback strength)
and fixing the other parameter, and vice versa, this was illustrated by the
bifurcation diagrams. The second subject is generating fast rate (sub megahertz
to multi gigahertz range) optical chaotic spiking by semiconductor laser diode
with optical feedback from fiber loop mirror and controlling the chaotic regions
(periodic, multi-periodic, and chaos) by varying one of the two control
parameters (bias current of the laser and feedback strength)while fixing the
other one, and vice versa, and whole behavior of system illustrated by the
bifurcation diagrams. Efficient chaotic bandwidth of generated chaotic signal
was a function bias current of the laser. Optical bistability of semiconductor
laser diode with optical feedback has been observed and its hysteric loop
determined from the bifurcation diagrams. The randomness of generated chaotic
signals was measured by Shannon Entropy function and its value found to
increase with raising the bias current. The third subject of this work is the
executing synchronization between two optical chaotic oscillators through using
two schemes of optical injection, Bidirectional and Unidirectional. The
occurrence of synchronization and anti-synchronization was monitored and
proved by comparing time series, spectrums, as well as by sketching
correlation diagram (phase form) between amplitudes of coupled signals. The
quality of synchronization characterized by correlation function, and it was a
function of both of semiconductor laser diodes bias currents and optical
injection strength. The forth subject of this work is embedding single radio-
frequency tone inside chaotic signal generated by semiconductor laser with
optical feedback, for hiding purposes; signal to chaos ratio of mixed signals
was a function of semiconductor laser diodes bias current. In all the four
mentioned subjects, there were high degrees of agreements between
experimental results and numerical simulation results.
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