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Abstract

In this paper, a transmitter and a receiver using two identical Chua’s circuits are
proposed and a wire secure communications are investigated.

A secure communication method in which the desired information signal is synthesized
with the chaos signal created by the Chua’s circuit is proposed and information signal
is demodulated also using the Chua’s circuit.

The proposed method is synthesizing the desired information with the chaos circuit by
adding the information signal to the chaos signal in the wire transmission system.

After transmitting the synthesized signal through the wire transmission system, it is
confirmed the feasibility of the secure communication from result of demodulated signals
and recovered wire tapped signals.
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219 1. Chua 32 (Chua's circuit)

dv.,
Ci— = Glvg,~v.,) — g(vg)
av,
Cr gt = Glog = ve) +i1 M
dip _
L 7

AN v, 0,8 A2 2AA C, GY ¥ AL, & AUH Lo zer AR
G“‘?le" g(-)e MA%Y Ngoes 4 29 o] FANE 37E M¥ ¥4(3-segment

piecewise-linear function)o]™ g 2] et}

g(vR)=movR+_%(ml'"mo)“UR+BpI""|UR'—BpI] (2)

A7 m= AR FH 71€7), me W 999 71€7), +B,E break-pointo]t}.

m, ti=glve]

4

Y

a9 2. 8198 X3 EA4 (Nonlinear resistor characteristic)

I RLCG d¥H29 7122 433 A

AN
* R shex Ao AR A%
SR . g WHHe] $28E Ao
%L chr\Cz Vmw\.c1 NR s ‘
A 433 FAL Bz}
B B oHY B2 HOANEL §X
v %

T S 1 PaAe)
A

oA ¥ e BFAT Jles AFd PR NzE A

ol
I
|
30,
R
2
po )
o
ofy
r
4z

_.589_



M HUlE FARMN MR A3E Eests $4 Pyolth ARAII e s AZHG
A5 2 73-%7} olUd B4 AzE e ﬂiﬂ FHE ol g HOM S LE R %HE‘
oy Bz Wyoz AR AFT £ o
Ak

ol 453 FA AFR e Ao HE
A AR A5E Aststn YoiH 5F Fodg 5o 3
2 Azo vt W ZHm AMze IS A @ R
o] alt}

o
N
)

NEE BASE FHusol AAEHAD
gom ArAEI} e
ol N B MET 7

e
o

A4S 71D 48 Hze FAdAY stex a3 A H2E 1Y 3o UEHHA
o} %: AR Flex ANE} AR AT AL /IS o) gaHen d2 Fhed A
3 E3& M o2 AF A Az AVE BRI AT FTFH 22 TN
t}, 44129} RLCG A4A2E 7E-2% §7]1 WS, RLCG dFdzg FAYE 27
E7] e WA E718E olgen FARAN AY A YI2 TAME dZs
29g A3 E AAsE 28 TS

Hm

a3y 3. 54 Az sles dEs FA H2
(Chaos secure communication circuit with wire transmission line)

oY 3 329 A AN 98 2k

£AH ] AE] w4

dv,,
o) T = G(v.,~ v.,)— &(v.)
dv, .
C, ;tz Glv,—v,)+ i (3)
diL _
LG == va

_590_



RLCG A$dze] AedAg4

di
L = v, — (Rt Rir,~ v+ S(D)

Ldv.,
Ct"gt_ =11, — (G + G)v,, (4)

TR 9 AY AR gy

. dvg, Rp
C, & =T RaR, ve,— Gy,
~ dvcl, ’ ’ ’ RB
C’l dt - G(sz - vcl )_&’(Uc, )__ RARD UC‘ (5)
FAIE] a4
L, avy | , , ,
G = =6, —v,)—glv, )+ G v~ v)
., avg, L, , o
C'Z —EF =G (vc, — U )+ L 6)
. dif’
Lg% Ver
UVe= Ve, =V, , Uy= Ve, — 0, ;=1 — i 8 Fsta 2(3), 4), AG), A@G)N 2 A

£ ¢ (Difference System)& T3 A(7)7 o] 53 Al2do2 g & 4 o}

dv,
Cr 3t = Glo,= v) = Swa+ Gylv,, — v.)

d
C'g—gvt‘y- =Glv,—v,)+1,

(7

dv,, .
C,—;;t* =i, +(Gy+ G,

dl'LK

17 == vcl— Z/Cl— (Rx+ R;)Z.L’_’_ S(t)

AMAM 3 AN2RE Azbo] Aol whet 022 Sd s,
= ltiglolv,,|= ltir_glvy|= lri{glizl=07} HA F7i87t o] FoiA = Aolr},

AT 2HEAY 2 243

- 591 -



dvx (G+S) G Ei
dat - Cl e+ Cl v, + Cl (vc, _vc‘)
dv G G 1
ey 6 O
at C, Uy C, v, t+ G, b
di, 1
at ~ LY
dvc, _ (Go+ G,) _1_ .
dt - C[ ‘UC‘+ C, ZL‘
di,,  R+R,. | 1 1
dt - L, lL,+ L,(vcl_vc')+ L, S(¢t)
Zl'é}:i}'é_]'7] 5,’—]3“ X1 Uy, Xg= Uy, x3=iz, X4= Ve x5=z'Ll, u= vc"_vci
= v, — v B ¥ AEE 2(9)% #o] €t
(G+S) G
xl=—Tx1+C£lxz+ﬁu
9&2=?sz1—c%x2+ax3
353=—-}:x2
. (Gt Gy)
X4=IC—IOX4+%,XS
__RAtR 11
X5 = Lt XS+ Lt u+ Lt S(t)
ol B2 Yeld 210 ot
- 6+S) ¢ N N
o B G G 0 0 0 %1] C
. G -G 1
X3 CZ CZ CZ 0 0 X9 0
%3] = 0 -+ 0 0 0 x|+] 0 la
. G+ G
%4 0 0 0 et %, % |0
y R+ R, +
% 0 o 0 0 T L s L
- H

A (10 L, L'=18mH  R,=7808  C,=0.062uF
C,, C'=10mH G,=0.0182 G,=1.5u8
Cy, C'=100mH R,=8.7%

- 692 ~

(8

9

(10)



R, R=174K82 L,=0.04H 2 ¥3 2109 Azwo| ¢tA3t7] §J§ x7e
R, =1780[£), G,=0.005[8], C,=1[uFlez Fsgdom AH ANFZ2E =7 -400[mV]
~ +400[mV], #71 5lms]el THHE Avete] gzt FA S ulwSA.

HHEA AR p, He AHE Y 49 Yoy

- 593 -



a3 5 FAIRe 7192~ A% (Chaos signal of receiver signal)

P E o] F 1 YA 713 @Po) o] Fo

flo

o)

2% 49 5elA A Az £A AT} B

4e ¢+ Ak
3% /HAs M2 FolM 249 A5E 1Y 6o ushiow TR Fu A%

o 453 e RUg woln i 239 Just 9ee ¢ & U

soamw

2P 6. AE FolM A3 A% (Wiretapping signal)

a9 79 AT FY Agel st AF Az AFel dd 2zd Aoe U
g 2zg N5k BHPS sy] Ao Az AEHZ B4 o Fgo) Uom ofx

45 TR e 158 BUHAASE ¢ £ Aok

a 1 Y
J /
I U U |

- 594 -



O 7. Y Ysrl Ao B9 AF (Recovery signal before filtering)

a9 79 NEE 3kHY AE FA4E MY A FH YHE o)gse] WHIY A
& 79 8 etk YHY 23 TYH YU o= Y= HY ¢ + ANoY HE
Mizel L Col &8 $713%e] 4% W2 Bx 450 $5oA ¥8E ¢+ ATk

/]

i

1Y 8 "WEHF F9 BY ANF (Filtered recovery signal)

39 8ollM RE it o] RLCG A% HMZE ol8d 7le A UdF FAL de$Mdz9 L,
Col g AZk Aol AE F718 W] FAGAA 4 B NEE B9 5 AN
2 Az A7 Fous AP F UAE AR W39 ¢Es} TN F2 LY £
AR

v. g8

2 =FdM e A$HR2E 71A Chua F2AM e 7102 4538 wyo dzle Ags
Rt F M FY§ Chua 32 A4 MZE Fof RLCG AELEE AT §F $A39
HEARE Alole 75-AY F7] |88 deAze FAR Aol AF F7] 0]82 F
448 F713 AHE AAGA oY, FARAA JHE7IE ol 8Ee] HR AFG sle A AF
E s FARANA o]F AEE BEsle 458 BAE d3Hd. gew gy W
2o og Fr|stet AF M2 AHLol o4 433l FAe A Fgo] FAR G

- 895 -



= U |

Lowigd, * gte 29 &8 AAAE, pp.l10-112. 1993.1.20.

2. Wl A, sy, ‘713 9E-e A7tg Bonhoeffer-Van der Pol 248 0lE] R a9
gte 2 A4 Ao B AF " FFFAEI=FA, 208 115, pp. 2991 - 3000, 1995.
3. T. S. Parker and L. O. Chua, ” Chaos: A Tutorial for Enginees” Proc. IEEE, vol

75, no. 8, pp. 982-1008. 1987.

4. GE—F “vlole Jle A AR I ¥ &7 LT LEHEKR A34d, 15, pp. 30-39,
1993.

5 Adx Sdad2 “CHAOS: Making A New Science” 5 &AL

6. M. Kuramitsu and K. I Mori, "A simple Electric Circuit Generating chaos”
Technical Report IEICE, NLP 93 - 68, pp. 31-38, 1994.

7. Y. Ueda and N. Akamatsu, "Chaotically Transitional phenomena, in the
Forced Negative-Resistance Oscillator” IEEE Trans. Circuit and
Systems, vol. CAS-28, pp. 217 - 224, 1981,

8 mAE, MIH, UY3d, “F713 99L& U718 Bonhoeffer - Van der Pol 2d#elH
wdo e 7oA #A Ao BE AP, 1995 AAEATE GeeRI =EF,
pp. 100 - 102, 1995.

9, T. Matsumoto, "“A chaotic attractor from Chua’s circuit” IEEE Trans.
Circuits and Systems, vol. CAS-31, no. 12, pp. 1055-1058, 1984.

10. G. O. Zhong and F. Ayrom, "Experimental confirmation of chaos from
Chua’s circuit”, Int. J. Circuit Theory and Applications, vol. 13, no. 1, pp.
93-98, 1985.

11. L. M. Pecora and T. L. Carroll "Synchronization in Chaotic System” Phy.
Rev. Lett.,, vol. 64, no. 8 pp. 821-824, 1990.

12. M. Itoh, H. Murakami and L. O. Chua, "Communication System Via
Chaotic  Modulations” IEICE. Trans. Fundamenrtals. vol. E77-A, no. 6, pp.

1000-1005, 1994.

13. L. O. Chua, M. Itoh, L. Kocarev, and K. Eckert, "Chaos Synchronization in
Chua’s Circuit” J. Circuit. Systems and Computers, vol. 3, no. 1, pp.
93-108, 1993.

14. R. He, P. G. Vaidya, " Analysis and Synthesis of Synchronous Periodic and Chaotic
Systems” Phys. Rev. A, vol. 6, no. 12. pp. 7387-7392. 1992.

15. L. Kocarev, U. Parlitz. "Generized Synchronization, Predictability, and Equivalence of

. Unidirectionally Coupled Dynamical System” Phys. Rev. Lett. vol. 76, no. 11, pp.
1816-1819, 1996.

_596_



