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Fig.1 Diagram of chaos communication system with

lasers and fiber transmission
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1. J6£F {5 18 th B Y6 2F (Single Mode Fiber, SMF)
A3 BRD 2 5% £ (Dispersion Compensation Fiber,
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Table 1 Simulation parameters

Symbol Description Value
wo Laser oscillation frequency 1.216X10" rad + s !
g Gain coefficient 1.5X10 ¥ ps!
s Gain saturation coefficient 5X10°7
a Linewidth enhancement factor 5
Spontaneous emission factor 1.5X10 ’ps !
e Electron charge 1.602x10°YC
N, Carrier number at transparency 1.5X10°*
o Carrier lifetime 2ns
T Photon lifetime 2ps
T  External cavity roundtrip time 200ps
I Driving current 23mA
Ny Spontaneous emission factor 1.5
k2 kHF5=E
Table 2 Fiber parameters
Symbol SMF DCF
8 /(ps* + km™ ") —21 87.5
B/ (ps® + km ™) 0.1 0.1
y/ (W'« km™ ) 1.06 5.07
a/(dB e+ km™") 0.21 0. 549
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Fig. 2 Fiber channel consists of SMF and DCF
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Fig. 3 Influence of the length of SMF and the injection power on decoding performance

Ty 50 fife JR 1 B 1) 5 e /0N o 0 D SR D S R A A
TR i A 285 ) 1) o £ 15 38 A% S i Bl i A T o
6 AR B N 78 AR ATY W 2 R 3 4 i R Ot X LE
P& 3Ca) Fll 3Cc) R s M 65 440 1) P i I S A T 4R
AL 3k 5 SCERS R 4598 — B0 XTI 3(b) Fi 3
() i 25 4 1 A 98 Q X7 il 2R & i T o (] 4
LA I R Q IR il 2k . L7 R W] 5 b2 45 A 1
X RS F . T A R L A% A R A —
ANJE 50 km, 78 2. 2 956 — 20 40 A & B 45 4 O
2T 18 1) 38 P2 A i 1k R

N T B AL f B b SMEF KB 5 i R M RE 9 ¢
F G PEICA 3 Al 2 i B KRR Q IR TR LR 3.
M 3 B L X F AR o] — RO £ 5 B 454 . Y
SMF K J 4 40, 2 km B}, % 8 Q A F &/, 24 SMF
KN 40. 2 km BF, 6L BR R R HCHN
1E; Y SMF KER T T 40. 4 km B, REEAHCY
o, W RAEHCA BT 5 B 0L . SR, bEE
SMF (K i 34 s i Q I+ F B, Ik, SMF/
DCF ) fic & I il 6 21 5 38 U OR B /0 o i, A R
ARAT B AE A5 8 8 Tk BE. X RP BRG] DL AR R O O
ARy ALY 5 e L FEER B
i) Y £F i 0% 5 i A B 1 [R) 2B € 05 30T R
U Ik o v AR A Y i RE AR AL B B € R f

FK RO S TE B € B K b A2 A K i 9 A
f14 72 A 5 S T A ) 23 BN 18] 2% Ak T A 264 3500 5
AR AT 5 A SO MG 5 R BIE . T
S S BUAR AR RS B 5[] 42 AL 30 A0 2 A0 5 W IR . 43
LAV QUL IR TR s i = 3 N
BT AT 3 43 S T B, 5 B0 ik o AR b R
V. G OB R B B 23 B T I S A
B R 0l A I SR A A DR ke T A A R
RO 1A A 28 25 ol I S0 9 2 A B SRR R S |
A A8 O K i JR B 15 Al 2 M AR T R A ik b A 7 AH AR
TH 1 R G820 e A5 B A R A0CR R4 fH L 2R
i 2 AEHOR KR B A R R R &
TAL. A M 7E B B SME/DCF & & 6 £F {5 18 B,
PRFF A 0 R AR B DURTH AR eV R0 - AT 3R 4%
TR 1 A 1R A e
x3 SMFKESEBAQETFXHE

Table 3 Decoding Q-factor with respect to the length of SMF

Structure of

Length of SMF/km
40. 2 40. 4 40. 6 40. 8 41.0

fiber channel

DS-A-DS-A 5.944 3 5.953 8 5.9753 5.9784 5.952 2
DS-A-SD-A 5.896 3 6.0661 6.0381 6.0358 5.989 8
SD-A-SD-A  6.026 6 6.3109 6.260 2 6.2552 6.202 2

SD-A-DS-A 5.914 2 6.067 4 6.0421 6.0401 6.012 1
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Structure of Fiber Channel in Open-loop All-optical Chaotic
Communication System

LIU Hui-jie' , FENG Jiu-chao’, REN Bin'
(1 School of Electronic Engineering , Dongguan University of Technology ., Dongguan, Guangdong 523808, China)
(2 School of Electronic and Information Engineering » South China University of Technology, Guangzhou 510641, China)

Abstract: The open-loop all-optical chaotic communication system based on a fiber channel is established
according to the equations of semiconductor laser with external feedback and fiber transmission. Two
encryption methods for message, i. e. chaotic modulation and chaotic shift keying are considered. The
advanced adjusted subtraction demodulation method is used to recover the encrypted message. Meanwhile,
the performance of the system is measured by the decoding Q factor. Four kinds of fiber channel are
constructed by setting single mode fiber and dispersion compensation fiber in different orders. The
influence of the structures on the communication performance of the system is analyzed by numerical
simulation. The result indicates that reserving a small negative accumulated dispersion in the fiber channel
helps to improve the performance of remote transmission. The two symmetrical structures, i. e. middle
and two-side compensations, have similar performances. The Symmetrical structures are superior to the
asymmetrical structures, i. e., anterior and posterior compensations, and therefore suitable for the
application of remote and high-speed open-loop all-optical chaotic communications. In addition, the chaotic
modulation method is always superior to the chaotic shift keying method for the remote and high-speed
chaos laser communication whatever the structures of the fiber channel are.

Key words: Chaotic communication; Fiber channel; External feedback; Open-loop



