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SYNCHRONIZATION

Master-Slave Chaos Synchronization
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SET-UP
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RATE EQUATIONS

• Semiconductor laser, solitary case:
– Electric field and carriers
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RATE EQUATIONS: OPTICAL FEEDBACK

• Master Laser (m)

• Slave Laser (s): Open Loop

• Slave Laser (s): Closed Loop

Feedback strength Feedback delay
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OPTICAL FEEDBACK DYNAMICS

Synchronization between master laser and slave laser 
– Time-traces (P

m,s
=|E

m,s
|2): chaotic fluctuations at I=2I
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CROSS-CORRELATIONS
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MESSAGE ENCODING
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APPLICATION

Encryption Method: Chaos Modulation
• Small perturbation of the power (chaotic carrier)
• Pt=Pm(1-M(t))

– M(t)=[0 0 1 0 1.......1 1]

– =0.05
Message Extraction: Chaos Filtering
• Chaos synchronization on the slave laser acts as a chaos 

filter
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MUTUAL INFORMATION

Quantifying chaos filtering

 Synchronization Master Laser <-> Slave Laser
Mutual Information (J): non-linear measure of 

similarities between two quantities

 More appropiate than the cross-correlation to resolve 
small differences
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SYNCHRONIZATION VS LOCKING: OPEN LOOP

 In the synchronization regime Jms > Jts

 In the injection locking regime Jts > Jms
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SYNCHRONIZATION VS LOCKING: CLOSED LOOP

 In the synchronization regime Jms > Jts

 In the injection locking regime Jts > Jms
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SYNCHRONIZATION VS LOCKING
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QUALITY FACTOR

• Message decoding 
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MESSAGE DECODING: CM
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MESSAGE DECODING: CSK
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CONCLUSIONS

• Security in the communications connected to the 
synchronization between emitter and receiver

• Important differences between chaos synchronization and 
injection locking

• Better chaos-filtering properties of the closed loop receiver
• Higher quality on the extraction of encrypted messages 

with the closed loop receiver
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