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Äuü�3°Ä·b&Ò5\e��A��N-1ì�m�·bÓÚ, JÑ
�«#.��¢y&EV�!
�ål��DÑ�XÚ, ¿ïá
�A�nØ�.. |^TnØ�., ïÄ
XÚ�V�DÑ5U!S�5U±9
XÚ5U�DÑål�Cz. (JL²: ü��A-1ì3É�ugÓ�°Ä·b-1ì�·b15\e, Ù·b
ÑÑ�,�5\·b&Ò��é�, �ü��A-1ì�·bÑÑ%U¢y�~Ð�Ã�mò´���ÓÚ; é�
fö�U¼�&E���å»?1
�	, (Jw«TXÚäkéÐ�S�5; æ^ÊÏü�1n��DÑ&�,

&E²L 50 km DÑ�, )N&E Q Ïf��� 6 ±þ; æ^ÚÑ £1n, &E²L 200 km �DÑ, )N&E Q

Ïf��� 6 ±þ.
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1 Ú ó

�X&E�¬�pÝuÐ, &E�S��5�
É�<��­À. du·bäkéÐ�¯a!a
D(5!H{5!J±�Ïýÿ�A5, �^u
muÑÄuÔn�¡�&E��DÑEâ. 1990
c, Pecora Ú Carroll JÑ·bÓÚ4·bA^u
&E��DÑ¤��U [1]. Ù¥, Äu��N-
1ì (semiconductor laser,SL) �-1·bXÚ, Ï
äk°�°!pÝE,5!�yk1nÏ&X
Ú�mûÐ�oN5�`³ [2−6], �~·Ü^
up��ål��Ï&. 2005 c, Argyris �<Ä
u SL �-1·b3ä;¢�û^1n�ä¥¢y

 1Gbit/s!DÑål 120 km �ü���Ï& [2],
éÐ/�yù«Eâ��15. ,
, ==U¢y
&E�ü�DÑ´Ø
�, &E�V�!��õ�
DÑ´��Ï&uÐ�7,.

2006 c,Klein �<JÑ
Äuú�&��V
���Ï&g´ [7]. âd<�JÑ
õ«Äu SLs

�V�-1·b��Ï&�Y [8−11]. X Vicente
�<JÑ3{üpÍ SLs XÚ�m�\�ß�
�º��Y [8];Zhang �<JÑæ^4Øé¡p5
\ SLs XÚ��Y [9]; Deng �<JÑ
æ^1>
pÍ SLs XÚ��Y [10]. ù
�YÑ´Äuü�
��pÍ��N-1ì�m�·bÓÚ¢y&E
�V���DÑ, ¿�3ïÄL§¥vk�Ä1n
&�é&EDÑ�K�. �C, Uchida �<JÑ

�«¢y��5�fm·bÓÚ�#�Y [12]. 3
T�Y¥, ��fXÚÑÑ�E,D(½ö·b&
Ò, 5\�,	ü��q�Õá���5�f¥.
3Ü·^�e, ü���5�fòÑÑ�éÅ/
Cz���&Ò. �âù«g´, Yamamoto �<æ
^ SL ¢y
A�ål�-1·bÓÚ [13]. �DÚ
�ÓÚXÚØÓ, ùp�ü� SL �m´vk��
pÍ�. �Ä�¢S�A^, U¢yA�úp�V
�1n��Ï&XÚò�äA^cµ, 
8c'u
ù«1n�ålV�·bÏ&XÚ5U�ïÄ�
�~"y.
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3�©¥,·�JÑ
�«#.V��ål1
n·b��Ï&XÚ�Y. T�YäkûÐ��*
Ð5, �òXÚòÐ��ål�¹. Ó�éT�Y
�V�Ï&5U!&ES�5±91n&��Ý
�éXÚ5U�K�?1
XÚ�ïÄ.

2 XÚ(�

V��ål1n·b��Ï&XÚ«¿ãX
ã 1 ¤«. ÏL���	nò��"�°Ä��
N-1ì (DL) �ó�ëê, ¦ DL ��E,�-
1·bÑÑ. l DL ÑÑ�·b&ÒÏL1nÍÜ
ì (FC3) ©¤���üÜ©, Ù¥�Ü©²1n©
| F1 5\��A-1ì 1 (RL1) ¥, ,�Ü©²
1n©| F2 5\�A-1ì 2 (RL2) ¥. �ü�
�A-1ìäk�Ó�SÜëê, �l DL ÑÑ�
·b&Ò¤²{�ü�1n|´�5Uëê��
�, RL1 Ú RL2 �Â�5gu DL �·b&Òò�
���, l
XÚäk
ûÐ�é¡5. 3Ü·�
°Ä�^e, ü�-1ì RL1 Ú RL2 �m�±¢
y�pmò��"���·bÓÚ [15]. 3XÚ¥,
��U�±ü�-1ì RL1 Ú RL2 �mûÐ�é
¡5, ��±l DL 5�v
��5\Y², =B
ü�|´�1n�ÝòÐ�A�!þzúp, ü�
-1ì RL1 Ú RL2 �m��±¢yéÐ���·

bÓÚ.

3 RL1 Ú RL2 ¢y
éÐ���·bÓÚ�,
�3 RL1 Ú RL2 �m¢y&E�V���DÑ.
'u&E���\1�)N, DÚ�-1·b��
Ï&XÚ´ò&EÚ·b1Å·Ü��å5\�
�Â-1ì¥, ,�|^·bÈÅ�A)NÑ&E.
�´ù«�{3�õ�¹e (ØN\·bN��ª
±	) Ñ¬»�u�-1ìÚ�Â-1ì�m�é
¡5, l
J±��`��&E)N�J. 3�©
¥, ·�òæ^�«#L�&E\1Ú)N�ª.
ÄkXã 1 ¤«, �	l RL1 � RL2 �\1&E 1
(message1) �DÑL§. RL1 �-1·bÑÑ²Í
Üì FC1 ��©¤üÜ©, Ù¥�Ü©��&E 1
�·b1Å. &E 1 ÏL·bN� (chaotic modu-
lation,CM) �ª�·b1Å·Ü3�å, ²1nó
´ F3 DÑ� RL2 �cà, 2ÏL1�/ì (OC2)
!1��ì�5\�1>&ÿì (PD3) ¥. Ó�,
RL2 ÑÑ�·b&Ò²1ÍÜì (FC2) �©¤ü
Ü©, Ù¥�Ü©ÏL1nò´� (DF2) !1��
ì�5\�1>&ÿì (PD4) ¥. ÏLé PD3 �
ÑÑ>&ÒÚ PD4 �ÑÑ>&Ò� “~” ö�, ¿
²L7��ÈÅ?n, =�)NÑØ	l RL1 à
DÑ5�&E 1. �q/, l RL2 DÑ� RL1 �
&E 2 (message2) , ²{�Ó�L§��±��k
�)N.

ã 1 V��ål1n·b��Ï&XÚ«¿ã (DL�°Ä-1ì; M���º; RL��A-1ì; F�DÑ1n; DF�ò´
1n; FC� 50/50 1nÍÜì; PC�1 ���ì; OC�1�/ì; A�1n��ì; PD�1>&ÿì)

3 nØ�.

éuXÚ¥¤�¹�n�-1ì�ÄåÆ1
�, �æ^Xe�¹	n�"½	15\� Lang-

Kobayashi �Ç�§|5£ã [3]:

dED(t)
dt

=
1
2
(1 + iε)[GD − 1

τp
]ED(t)

+
kD

τin
ED(t − τD)exp(−iωτD)
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+
√

2χND(t)ξD(t),

dER1,2(t)
dt

=
1
2
(1 + iε)[GR1,2 −

1
τp

]ER1,2(t)

+
k1,2

τin
ED(t − τinj1,2)exp(−iωτinj1,2)

+
√

2χNR1,2(t)ξR1,2(t), (1)

dND,R1,2(t)
dt

=
I

q
−

ND,R1,2(t)
τn

−GD,R1,2

∣∣ED,R1,2(t)
∣∣2 .

ª¥, eI D Ú R ©OL« DL Ú RL,1 Ú 2 ©O
éAØÓ RL �?Ò. E �-1ì�úC|�Ì, N

�16fê, N0 �ß²16fê, ε��°OrÏ
f, G = g(N(t) − N0)/(1+ρ|E(t)|2) (g ��©OÃ
Xê, ρ ��ÚOÃXê), τp �1fÆ·, τn �1
6fÆ·, kD � DL �	n�"Xê, k1,2 � DL

é RL1 Ú RL2 �5\Xê, τin �1f3-1ìS
n¥� ��m, τD � DL �	n�"�m, τinj1,2

� DL é RL1 Ú RL2 �5\�m, ω��ªÇ, χ�
guË�Ç, I � �>6,q �ü >Ö, ξ L�p
dxD(.

·b&Ò3�ål1n¥�üz�±d��
5Å½��§5£ã [4,14,15]:

i
∂E(z, T )

∂z
= − i

2
αE − γ |E|2 E +

1
2
β2

∂2E

∂T 2
, (2)

ª¥,E(z,t) L«-1|�úC�Ì,z �DÑ�å
l,α�1n�Ñ~ê,γ L���5�A,β2 �1n
���ÚÑ~ê,T ´±&ÒóÀ+�Ý Vg $Ä�
ëìX¥��mCþ (T = t − z/Vg) .

,	, ü�·b&Ò (&Ò i Ú&Ò j) �m�
ÓÚ5�±^'é¼ê C(t) 5£ã, úªXe:

Ci,j(∆t)=
〈[Pi(t)−〈Pi(t)〉][Pj(t+∆t)−〈Pj(t)〉]〉

〈|Pi(t)−〈Pi(t)〉|2〉1/2〈|Pj(t+∆t)−〈Pj(t)〉|2〉1/2
, (3)

ª¥, 〈 〉 L«�m²þ, ∆t L«'é¼ê��£, P
L«ÑÑ|rÝ. |C| ������ 0 Ú 1 �m,|C|
��C 1 L²ü�·b&ÒÓÚ5�Ð.

éuXÚÏ&��þ, �±æ^ Q Ïf5µ
�.Q Ïf�½Â�

Q =
〈P1〉 − 〈P0〉

σ1 + σ0
, (4)

ª¥,〈〉 L«�m²þ,P1 Ú P0 ©OL«'A”1”
Ú'A”0” �Uþ, σ1 Ú σ0 ©OL«'A”1” Ú'
A”0” �Uþ�IO�.Q Ïf�pL«Ï&�þ
�Ð.

,	, éu&Ò31n¥��ålDÑ, &Ò
Uþ¬�XDÑål�O\
Øä�Ñ. 
ÏLÚ
\1��ì�±�ÐÖ�ù
d�ål1nDÑ

���Uþ�Ñ. Ïd, 3�©�ê��[¥,�

O���B, 6��Ñ
1n��Ñ.

4 (J�?Ø

3 ê � O � ¥, � ' ë ê � �� ε = 3,
τp = 2 ps, τn = 2 ns, τD = 5 ns, kD = 2.5 × 10−2,
k1,2 = 4 × 10−2, τin = 1 ps, χ = 1.1 × 103 s−1, I =
29 mA, ω = 1.219×1015 rad/s, q = 1.602×10−19 C,
g = 1.5× 10−8 ps−1, ρ = 1× 10−7, N0 = 1.5× 108.

3�XÚ¥, �
�BO�, DL é RL1 Ú RL2 �
5\ò����� τinj1 =τinj2=τinj .

4.1 ØØØ���ÄÄÄ111nnn&&&������KKK���

Ä k, � ½ DL é RL1 Ú RL2 � 5 \ ò
� τinj=3 ns, Ø�Ä1nDÑ�K�. ã 2 �Ñ
d
�?¿ü�-1ìÑÑ��mS�9Ù�éA�
'é¼êã. lã 2 ¥�±wÑ, DL Ú RL1(RL2)
ÑÑ��mS��3����É, �A�'é¼ê
3ò� ∆t=3 ns ?������ Cmax=0.77, 
ü
��A-1ì RL1 Ú RL2 ÑÑ��mS����
Ó, 'é¼ê3 ∆t=0 ns ?�� 1, `² RL1 Ú RL2

¢y
�����ÓÚ (IS) . Äu RL1 Ú RL2 �
��ÓÚ, �±¢yüö�m�V�·b��Ï&.

ã 3 �Ñ
&E3 RL1 Ú RL2 ÑÑ�·b
1Å¥�Ûõ�J±93�Âà�)N�J. Ù
¥&Eé·b1Å�N��Ý� 2%, N��Ç
� 1Gbit/s. lã 3 (a2,b2) ¥�±wÑ, &EUéÐ
/Ûõ3·b1Å¥. ã 3 (a3,b3) ´éã 3 (a2,b2)
¥·b1Å� “~” ö�, ¿²Lo�nA»d$Ï
ÈÅìÈÅ?n��)N&EÅ/ã. ã 3 (a4,b4)
?�Ú�Ñ
ù
)N&EéA�úã. �±wÑ,
&E3ü��ÂàÑ��éÐ/)N, ¢y
p�
þ�V�Ï&.
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ã 2 DL,RL1,RL2 n�-1ì¥?¿ü�-1ìÑÑ�·b�mS�é' (a1—c1) ±9§��m��'¼êã��ò�C
z (a2—c2)

ã 3 &E�V�\1�)N (a1,b1)�\1���Å'AS�;(a2,b2)�&Ò�Âà�Â��&Ò (þã) ±9�Âà-1ì
ÑÑ�·b&Ò (eã);(a3,b3)�)N��'AS�;(a4,b4)�)N&E�úã

�e5·�ò�	XÚ�S�5U. �âã 3
(a1,a2), &EéÐ/Ûõ3·b1Å¥, ��öØU
��l1Å¥¼�¤Ûõ�&E, ù�DÚü�·
bÏ&aq. �,��l·b1Å¥ØU���D
Ñ�&E, ���ö´Ä�kÙ¦�å»¼�DÑ
&EQ? c[©ÛXã 1 ¤«�XÚ�e, �	�

�ö¤k�Uæ��å»: å»�, ��ö�UÏ
L�� F3 1nó´¥÷ü�����DÑ�&Ò
,�ÏLò�é'5��. ã 4 (a1,a2) �Ñ
��
öd�)NÑ�&E. d�, �fö¼��&E´
V�DÑ'A&E�m���, ¿ØU¼�&E�
�; å»�, ��ö�UÏL�� F1 1nó´Ú F3
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1nó´¥DÑ&Ò?1��. ã 4 (b1,b2) �Ñ

d«å»)NÑ�&E±9�A�úã. d�&E
��mS�Cz·Ï, éAúã��4Ü, Ïd&
EØU�)N, ù´Ï� DL � RL1 �m���Ó
Ú�J (Xã 2(a2)) ¤�. å»n, ��ö�UÏL

�� F2 1nó´Ú F3 1nó´¥DÑ&Ò?1
��, �¹�å»�aq, &EEòØU�)N.
o �, ÃØ � � � ´ ½ ö õ ´ & Ò, � � ö
ÑØU)NÑ&E, l
(�
&EV�DÑ�
S�5.

ã 4 ��ö¼��&E (�ã) 9éAúã (mã) (a1,a2)���&� F3 ¥÷ü�����DÑ&Ò¤¼�&E;(b1,b2)�
��&� F1 Ú F3 �DÑ&Ò¤¼�&E;(c1,c2)���&� F1 Ú F3 �DÑ&Ò¤¼�&E

ã 5 &E3ÊÏü�1n¥�V�DÑ)N�J (a)�)N&E� Q Ïf�DÑål�Cz­�; (b—d) ©OéA (a) ¥&
EDÑ 10 km,30 km,50 km �úã

4.2 111nnn&&&������ÝÝÝéééÏÏÏ&&&555UUU���KKK���

Äk?Øæ^ÊÏü�1n��DÑ&��
��/. �DÑ&��ÊÏ�ü�1n�, 1n
���5�AÚ+�ÝÚÑ¬¦&Ò3DÑL
§¥u)C/, l
K�&E�)N�þ [4,15].

ã 5 � Ñ 
 æ ^ Ê Ï ü � 1 n ² L Ø Ó D Ñ
å l � � & E ) N � J, Ù « 1 n � ë ê � ½
� γ=1.5×10−3 W−1·m−1, β2=–20 ps2/km. lã 5(a)
�±wÑ, �XDÑål�O\, &E�)N�þ
¥eüª³. ,
²L 50km �DÑ, ü�����
)N&E� Q ÏfE��±3 6 ±þ (éAØè
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Ç�O$u 10−9), L²&E���éÐ�)N. �
¤±U¢y&E�ål�DÑ, ùÌ��ÃuXÚ
�ûÐé¡5. Xã 1 ¤«, duü��A-1ì
Ó�É�5ugÓ�°Ä·b-1ì!²LÓ�
�Ý�5Uëê���ü��ål1n�DÑ�
�·b1Å&Ò�5\, Ïdü��A-1ì�·
bÑÑ´��ÓÚ�. l RL1 àu�Ñ�·b1Å
&Ò�DÑ&E�å² F3 1nó´DÑ�� RL2

cà, �l RL2 ÑÑ�²1nò´�ò´��·b
&Ò� “~” ö�, l
)NÑDÑ&E. Ïd, 3
ù�L§¥, DÑ&Evk5\��Â-1ì¥,
u�-1ì��Â-1ì�ÑÑo�±éÐ�Ó
Ú�J, d�ý�K�&E)N�J�´1nÚ

ÑéDÑ&E�K�, l
d��·b���Ï&
ål�±J,����1nÏ&�Ï&ål�'
[�Y².

XJæ^ÚÑ £1n��DÑ&�, XÚ�
Ï&5Uò��?�Ú�Jp. éuÚÑ £1
n, Ùëê� γ=1.5×10−3W−1·m−1,β2=-0.1 ps2/km.
ã 6 �Ñ
�A)N&E Q Ïf±9úã�DÑ
ål�Cz'X. �±wÑ, &E Q Ïf�XDÑ
ål�O\
Åìeü. ��ÊÏ1n�',Q Ï
feü�²w��. 3DÑål 50 km ?, ü��
��)N&E Q Ïf�� 11 �m. 
�DÑål
�� 200 km �, )N&E� Q ÏfE,�u 6, L
²
)N&E�p�þ.

ã 6 &E3ÚÑ £1n¥�V�DÑ)N�J (a)�)N&E� Q Ïf�DÑål�Cz­�; (b—d) ©OéA (a) ¥&
EDÑ 50 km,100 km,150 km �úã

5 ( Ø

�©Äu��N-1ì�·bÓÚÚ1n&
�, �ï
���¢yV��ål��Ï&�X
Ú, ¿éÙV�Ï&�ª!��5U±9�ål1
néÏ&5U�K�?1
©Û. (JL²: XÚ
�±¢yü���ål1në����N-1ì
�m�·bÓÚ, �äkûÐ�òÐ5, �·Üu
�ålÏ&. &E�±3ú�DÑ&�¥¢yV

�Ï&, �äkéÐ|��5U. duXÚäkû
Ðé¡5, æ^ÊÏü�1n, XÚ�±¢y�Ç
� 1Gbit/s DÑål� 50km ��ålV�Ï&. 

XJ?�Úæ^ÚÑ £1n��, �Ç� 1Gbit/s
�&E�V�DÑål�� 200km ±þ, äkwÍ
��ålÏ&Uå. Ï"�©(JU�uÐ�¢^
�p��ålV���Ï&EâJøkÃ�ë�
Ú/�.
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A new type of bidirectional long distance optical fiber
chaotic secure communication system∗

Liu Yu-Ran Wu Zheng-Mao Wu Jia-Gui Li Ping Xia Guang-Qiong†
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Abstract

Based on the chaotic synchronization of two response semiconductor lasers (RLs) under the injection from a common chaotic

signal of a drive laser (DL), a new type of secure communication system, which allows bidirectional and long-distance information

transmissions, is proposed. A corresponding theoretical model is established to study the bidirectional transmission performance,

security performance and the system performance under different transmission distances. The results show that when two RLs receive

chaotic light injected from a DL, the chaotic outputs of two RLs achieve a fairly good isochronal synchronization without any time

delay, while there is a big difference between the signals of RLs and the signal of DL; the system owns high security level after

having analyzed the various ways from which eavesdropper may obtain message; if the ordinary single mode optical fiber is used as a

transmission channel, the Q factor of decoded message can reach more than 6 after a propagation over 50km; if the dispersion-shifted

fiber is employed, the Q factor of decoded message can still reach more than 6 after a propagation over 200km.

Keywords: semiconductor laser, chaotic synchronization, bidirectional communication, optical fiber
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