
III 
 

Abstract 

 

   In this thesis, the chaotic optical communication is implemented 

and investigated experimentally. Due to the high security 

requirements, chaotic optical communication is used to encrypt the 

message between the transmitter and the receiver units. 

   The method which is used to induce chaotic behavior is electro-

optical feedback loop by using a Mach-Zehnder modulator. The 

advantage for this modulator is a high bandwidth and high 

complexity. 

   The system is a unidirectional feedback loop. In the scheme of 

unidirectional, the oscillator of the transmitter unit is a closed loop 

while the oscillator of the receiver unit is an open loop that receives 

the chaotic signal from the transmitter via an optical fiber link.   

Two setups were investigated experimentally to encrypt the 

message to the chaotic carrier signal. These methods are chaos 

modulation and chaos masking.  

    We have started from creation the chaotic dynamics studied its 

properties and determined the control parameters that lead to 

various situations of the behavior of the system. The rout to the 

chaos for the transmitter oscillator has been investigated. 

   To observe behavior of the system through changing of the 

control parameter, the bifurcation diagram is plotted. The control 

parameter is the output optical power of the laser diode.  Time 

series and power spectrum of the time series is extracted by using 

Fast Fourier Transform FFT. The phase space reconstruction has 

been examined.  



IV 
 

      The synchronization of two setups has been investigated. The 

sent message is extracted by the oscillators synchronization in the 

transmitter unit and the receiver unit. The extracted message has 

been obtained at the receiver unit.  The bandwidth of the chaotic 

signal is about 200 MHz. The output optical power of the laser 

diode which is the variable control parameter of our setup in the 

feedback loop gain of the transmitter oscillator is between (0.8-0.9) 

mW. 

The message is a radio frequency at 100 MHz with power 0 dBm 

and is attenuated below this level with the noise level when 

modulated with the chaotic carrier.  
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 ملخص الاطروحة

 

َٔظزاً  نًرطهثاخ . فٕضٕٚحيٕضٕع الإذصالاخ انضٕئٛح انذُفٛذ ٔ ذمصٙ ذرُأل ْذِ الإطزٔحح 

 الارسال تٍٛ ٔحذاخ نرشفٛز انزسائم فٕضٕٚحرخذوُ الإذصالاخ انضٕئٛح انانسزٚح انعانٛح، ذسُ

 .الاسرمثالٔ

-انضٕئٙ انرغذٚح انًزذذجْٙ طزٚمح  فٕضٕ٘عهٗ انسهٕن انإٌ انطزٚمح انرٙ أسرخذيد نهحث 

 الأنكرزَٔٙ تئسرخذاو جٓاس 

 . حانعانٛ درجح انرعمٛذ ٔ رزددُ٘طاق انانْٕ عزض  ًضًٍْذا ان حاسٍيٍ ي 

 الإرسال ٔحذج يذتذب ٚكٌٕ جٓاسفٙ ْذا انُظاو، ج. طزٚمح انرغذٚح انًزذذ إنٗعًم انُظاو إسرُذ 

ٚسرهى اشارج انفٕضٗ يٍ ٔحذج الارسال عثز يفرٕح  يسارتًُٛا ٚكٌٕ جٓاس الإسرلاو  يغهك يسار

  ٔصهح الانٛاف انضٕئٛح. 

. اٌ ْاذٍٛ انطزٚمرٍٛ ًْا انرعذٚم انفٕضٗ شارجافٙ طزٚمرٍٛ نرشفٛز انزسائم إنٗ  عًهٛاً ذى انثحث 

 انًشٕش ٔ انرُكز انًشٕش. 

 انرٙ ذؤد٘ إنٗ راسح خصائصّ ٔ ذحذٚذ عُاصز انسٛطزج د ٔ نفٕضَٗظاو ا أخرزاعنمذ تذأَا يٍ 

 .جٓاس الإرسالفٙ يذتذب  انفٕضٗإنٗ انطزٚك  ذمصْٙٔكذا ذى   سهٕن انُظاو. حالاخ يخرهفح يٍ

. إٌ عُصز ًرحكىنعُصز انذغٛٛز ا يٍ خلالانًرشعة  زسىانُظاو، ذى ذحذٚذ انٔنًلاحظح سهٕن 

. ٔ جزٖ تحث انرسهسم انشيُٙ ٔ طالح  يٍ انثُائٙ انهٛشر٘ انمذرج انثصزٚح انخارجحْٕ حكى انر

 . عادج ذكٍٕٚ يساحح انطٕرانطٛف ٔ ا

فٙ ٔحذج الارسال انًزسهح ٔذى انحصٕل عهٗ  انزسانح  ذشايٍ كلا انطزٚمرٍٛ.ٔلذ ذى تحث يٕضٕع 

ْٔكذا ذى انحصٕل عهٗ انزسانح  الارسال ٔالاسرمثال. ٙفٙ ٔحذاذًذتذب ناذشايٍ يٍ خلال 

 022ْٕ  عزض انُطاق انرزدد٘ لاشارج انفٕضٗ انحايهح إٌانًسرخزجح عُذ ٔحذج الإسرلاو. 

فٙ انمذرج انضٕئٛح انخارجح يٍ ثُائٙ انٛشر ٔانذ٘ ْٕ انعايم انًرحكى ٔ ذكٌٕ لًٛح يٛكاْٛزذش. 

 .( يهٙ ٔاط2.9-2.0َظايُا ْذا فٙ كسة انطٕق انًزذذ فٙ يذتذب الارسال تٍٛ )

 .يهٙ دٚسثم 2يٛكا ْٛزذش ٔلذرج  022انزسانح كاَد عثارج عٍ ذزدد رادٕٚ٘  

 

 

 

 

 

(Mach-Zehnder Modulator) 


