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Abstract: An electro-optic intensity chaotic communication system is designed by combining two electro-optic delay
feedback loops with parallel structures. By injecting chaos into chaos, a more complex chaotic waveform is gener-
ated to enhance the chaotic complexity and the communication system confidentiality. In this design, MATLAB and
OptiSystem software are used to simulate the system, which solves the problem that OptiSystem software can't si-
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mulate the optical feedback loop. The mature laser and binary sequence generation modules in OptiSystem software

provide energy and input signals for the system. The electro-optic delay feedback loops are realized by the MATLAB

program, and the signal transmission in optical fibers is completed in the OptiSystem software. The article introduces

how to use MATLAB and OptiSystem software to realize the co-simulation of chaotic systems. Numerical simulations

show that the proposed method is feasible to simulate the optical feedback loop, and the simulation results are in

good agreement with the theoretical values, which prove that the chaotic signal is generated.

Keywords: chaos; chaotic encryption; electro-optic delay; MATLAB; OptiSystem
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Fig. 1 Intensity chaos device with two electro-optic time delay feedback loops
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%The file name: Intensity Chaos
OutputPort1=lutputPort1;
m=InputPort2.Sampled.Signal;

MATLAB code

f=InputPort1.Sampled.Centralfrequency;

Edit code as needed to generate chaotic
waveform E;
OutputPort1.Sampled.Signal=E

In the main menu to fill the MATLAB program name

and the corresponding address (see Table 2)

Co-simulation to realize optical chaotic

intensity communication system (see Fig. 3)
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Fig. 2 Co-simulation realization flow chart
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Table 1 MATLAB component port parameters of the transmitter
Ports Parameters
Number of input ports 2
Inputs Signal type (input 1) Optical
Signal type (input 2) Electrical
Number of output ports 1
Outputs
Signal type (output 1) Optical

&2 MATLAB L Main X #% &
Table 2 Main menu settings of MATLAB components

Menu

Setting

Load MATLAB
Run command

MATLAB search path

\/

Intensity Chaos

Path corresponding to Intensity Chaos
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Fig. 3 MATLAB and OptiSystem co-simulation of an intensity chaos device with two electro-optic time delay feedback loops
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Fig. 4 Chaos waveform generated by MATLAB and OptiSystem co-simulation. (a) Chaotic waveform;
(b) Zoomed figure of the chaotic waveform; (c) Autocorrelation of the chaotic waveform
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Overview: With the increase in demand for communication capacity, speed, and confidentiality, optical fiber commu-
nication has become an important way of information transmission. However, during the transmission process, there is
a risk of being eavesdropped on by illegal receivers. Therefore, it is very necessary to encrypt the signal transmitted in
optical fibers. Chaotic secure communication is the physical hardware encryption based on chaotic signals. With the
chaotic signal has the advantages of aperiodic, continuous broadband spectrum, noise-like, and unpredictable long-term,
information is hidden in chaotic signals for transmission, and the transmitted information is demodulated by the chao-
tic waveform synchronized with the transmitter at the receiver. Chaotic secure communication has a great application
prospect in the secure communication field and has attracted extensive attention from researchers at home and abroad.
Based on two parallel electro-optic delay feedback loops, an electro-optic intensity chaotic system is designed in this
paper. By injecting chaos into chaos, more complex chaotic waveforms can be generated to enhance the chaotic com-
plexity and the communication system confidentiality. In this design, MATLAB and OptiSystem are used to simulate
the system, which solves the difficulty that OptiSystem could not simulate the optical feedback loop. Combining MAT-
LAB’s numerical calculation capabilities with OptiSystem’s simulation capabilities, an intensity chaotic device with two
electro-optic delay feedback loops has been successfully constructed. The mature laser and binary sequence generation
modules in OptiSystem provide energy and input signals to the system. The electro-optic delay feedback loop is realized
by the MATLAB program, and the signal transmission in the optical fiber link is completed in OptiSystem. The simula-
tion results show that the generated chaotic sequence has amplitude randomness, and the high and low pulse ampli-
tudes follow each other, which can effectively conceal information. The chaotic sequence at the transmitter and receiver
has synchronization and robustness. In the case of no information loading, the chaotic sequence intensity at both ends
completely fits y=x. When an external disturbance is introduced, the synchronization solution of the delayed chaotic
dynamics at both ends can still be maintained well and it has a certain anti-interference ability. These properties ensure
that the system could be used for information encryption operation effectively, and the relationships between the
transmission distance and the chaos synchronization at both ends under different compensation situations have been
studied. The simulation results are in good agreement with the theoretical values, which proves the feasibility of the
chaotic generation method and provides ideas for the subsequent research and simulation on chaotic generation
schemes.
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