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Abstract

In this paper, We introduce an embedding driven synchronization method using SC-CNN(State-Controlled Cellular
Neural Network) which has the purpose to secure communication method through the embedding driven
synchronization method in the SC-CNN. we proposed new embedding driven synchronozation that this method is only
using one state variable compare to the general driven synchronization methods which is using all state variables. In

this papper, We achieved the usage of embedding driven synchronization and we also applied it to secure
communication.

Key Words : SC-CNN, 7le2 5713}, sle2 v 52, d¥dg 5 7138

.M B ' A

o) 7tex @4 dig B Y, 513, AL,

8t oA Tl glon o]d w3t &&o] Fu3A 2 LV HRC2 Y F<C1 NR
53 glth Chua I2E W9 dad AL 33 A|l2dlor c2 ot
7H9AE 7HH 19 HdE AxQl 3 TR HE A . .
3-segment piecewise-linear resistor) ¥ 470¢] A& &z<l
(R, L, CI, CD2 P4=: wag 2o} v

Chua 32% 83 F2(stochastic resonance), A% % a8 1. Chua 3%
Z 1/f A2 44, 712~ 84 (ntermittency), 571 #F Fig. 1 Chua’s circuit
(periodic doubling), 571 7HHt(periodic Adding), autowave,
Y8 sh(spiral wave), A7)-F-AHd (self-similarity), RHA dve
(university) 2] dgol ##=HT glo] slex 2 1 §§ G dt’ =G (vg,—ve,) —&loe)
Aol a3 9EE 3 duth v

Matsumotool] 93] A <tg Chua 32[1]18 19 19 C, dtQ = G (vg—ve)+ir 4}
Ehion e AL (13 2ol ZAEh @i

L‘j = Vg,

Q714 G = UR, glvn)e A (9 o] FHHE 37

2 4% 34(3-segment piecewise-linear function)oj®

H4UR 2003 48 142

= 20 Jehgiglch

etz AX} . 2003‘-‘1 58 28¢ ¥ H

2 ARE sttt XY s SER XHHT g(vR)=movR+%(m1*mn)[lvR+Bp|—|vR—Bp|] 2

(R05-2003-000-10618-0)X|f 22 =™ =AU

UlO

310



71 myE &R 999 7187,
€7], + Bp break-point®] t}.

m ti=gtvel

m,

My

Y
a8 2 vy Ao HG AF 54
Fig. 2 V-1 characteristic of nonliner resistor

Chua 312%=, F5% FAE 7te2 545 o635 7}
A AT AR AT E EFEIA FA1R o]]/q AEd 3 4
ARoA HH 259 710 A NI E BHdle st~ ud
Al F2 o]&sta JrH56]

7t 2 AEE o]&% Fte 2~ HERAE AT 57
37} dalEojol &t ol % FriE sHez AFF7,
TE5%7] WH[9,10] Sof AlAIHe] Ut AFREIE A&
o] At god AIAFE A Rite 9T TF
712 FAF9 FAR-Y stEvg g o) pEekA £
st AAE M3 ok

ol E dFdr= Chua ZEE JWtez 344
SC-CNN(State-Controlled CNN) 32 & o] &3l 7o~
32E TSt MERE W9 TF BV1E Adsden,
o] W& o] &3 HHUEAIH-S AM3HTH

2. SC-CNN 3 &

2.1 N-double scroll 3 =2

SC-CNN 3|28 <97] $8 Chua =9 ¥
N-double scroll JEHEE 183t n-double scroll&
A7) 9% A71FZE Arenall12]el & T on A
FAA e N3 go] Foixla uAE Ade] #ALS A
@l JehA .

x= ol y— h(x)]
y=x—y+2 (3)
z=—fy

h(x) = my, _ 1x+ Za(m: 1=m)(x+cl—lx—cl) (4)

A 22n-1)719 breakpointE 7R 8 oa=9, 8=14.286
2 & o, A4)olA e 71&7|¢} Fetnig 9 gt me o8
% & 42 7}A n-double scrolle] 2AstA €t

1) 1-double scroll

m0=—l/7, m,=2/7, C1=1
2) 2-double scroll

m0=—1/7, m1=2/7, m2=—4/7,
Ny = My, C‘zl, C2=2.15, C3=3.6

ule 7+& S7\&E o/8% LS

3) 3-double scroll

m0=~1/7, m1=2/7, m2=-—4/7,
my=my, my=my ms=my =1,
C‘2=2.15, C3=3.6, C4=8.2, C3=13

18 3¢] 2-double scroll ]EHAE] 2} B MY A3FS vhEF
hei=

Phase Plane . (it, Vel }
— T

Phase Plana . (iL . Ve2)
T

Vel

15 10 5 0 5 10 %

agl—i L L 3
2 5 w0 & 0 5 10 15 2
L L

Phase Plane | {V2,Ve1) nonlinearresistom
T T T T T T

28 3. 2-double scroll $174-37k vl A Aa
Fig. 3 phase plane of 2-double scroll and nonlinear

resistor

2.1 SC-CNN =€[12,13]
(1213104 &7 22 duisld 4 =
=
;== %t ay+G,+G+i, (5)

ANA jE A & xE A BE y e AeEES vlA
3 &9 yehdtl &= A gk(threshold value)o|t}. 2
B)llM G, e el A8 Zgely, G 94 49
SE) W] APzFelrh v £9L AO)F 22 A=

& 29 PWL 2442 olgunh
yi=% S n et bal—lx— ) ®)
A7 b= A A (break point)ol® #,= AE 749 7]
2716t #RE Aot
SC-CNN A& e SAAG)H g &9 $42(6)

o 2¢ez 4 (N3 2L

n-Double scroll & H& 4 9tk
xy=—xitayy,tapy;tapy;+ )glslkxk+i1
Jézz_xz‘*'azxyl'i'azzyz‘*'ﬂzays'*'Ig:lszkxk‘f‘iz ("N

x3=—x3tayy, tapy,tagy;+ ,Z:lsakkaL i3

A7V 21,25 23 ] WSF01T, ) v, ya & Old] HS3 &

3 wgolr}

2-double scroll 328 E7] YslMEap=a3=ay=an
sp=su=sn=0,i=i=i3=0

ez wiAA Ao

=apn=ap=an=ay=0,

o2 st AN 2

31t



HX| ¥ X|sAAHESE =& 2003, Vol. 13, No. 3

(7)ol 71%3 PSpiceE o] €3 CNNIZE 19 49 1} 2 2
Bl : 10
S0
AR 0
v m—’ 1 T S S
o— AW A\ X1
LY
o
a9 4. CNN 3zx e R R R

Y1
a3 5. $A1% SC-CNNY 2-double scroll 9JEHE
Fig. 5 Attractor of 2-double scroll of SC-CNN

Fig. 4 CNN circuit

2 49 AUEEAe AA 4 @)% 2t

X; R3 Ry 2 20
=r Vs ® _

2.2 Embedding Drive Synchronization

N-double Scroll 3 2& SC-CNN9 Dimensionless & ®

2wl gdshd tg 2 f0 5
_._/\] _,] N-EH HLZ—]/\I

-20
5 10 -10 5 0 5 10

0
2 =—xtxtalx,—g) 10
9&2=—x2+x1+x3 (9) § o
9&3=—x3—ﬁx2+x3 -10
g1 = m3x; + ﬁ (mptmp ) )(xtepl—lx =kl 2 YD2 1 2
2= A Bo] A WA A 22 6. 7% SC-CNN9 2-double scroll X1 E ¥

) Fig. 6 Attractor of 2-double scroll of SC-CNN
x4=—x+x,+alxs—gy)

Xs=—2xst x4+ 24 10) 0 2
9&6=-x6—/5x5+x6 5 1
g1=myxit é(mk+mk+1)(|x1+ck|—|x1*0k|) %0 =0
5 1
%49 A FE BHE x,7 TEE e AE 2 5 4 W g
th. ole} e W o g n|Eg oA LEH 3ol dR Xt ¥
T AFANEE gy st FU8kE AlTshe HHE Al 2
stgoemn WY FE E7]3Hembedding synchronization) 10
2 3ok 8 0
AT 20N % x5 27 SFAEIE H x,, x5 %,
b Fawst A 4@ 4109 9H" TF S5k "
d#e 19 5, k=) 6, ¥ 77 20 a7 5E SR o '2.020 10 i 9 20
EJEE 3¢ 62 "F*‘B«] S EHEHE, I¥ 72 $4157¢ Z
ZNR9 A AAEE Jeh)o) 28 7. FARe FA% SC-CNNe| $3dR %

Fig. 7 Phase portrait of synchronization of signals of
transmitter and receiver

g 79 FAR} SR A dAEAA CNN Al
of gulgdel &gk F7137k o Fo A Ae FYY + Uk

312



23 ddle S7|=E St vj2sN

A O 4 109 s8] d3E ot thsa 2ol
FAR] A6)e FEHETF xol 1¥ 8% #e AHEwH
sin@rx10)E HRASZZ APl Pt

05
0.
05F
-t t 1 ‘ L 1L I
825 83 835 84 845
% 8 AR 4%
Fig. 8 Information signal
ddlgd &718HE &3 vd T4 AdE Iy 9o vE
Uleh JHY I 9 $4ARe) BE A WSS PF
A7l 71HE ol 83 dl4l shuie] AH HM4Te FAIR

oA dulgste] A8 Aoloh

state variables
of Transmitter

state variables
of Receiver

a7 9. ¥EEA A ZER
Fig. 9 The flow chart of signals of secure
communication

¥ 102 dWid B7)8ke] FARAN ARE Bd

IE JERRITE 28 10404 X1, X2, X35 247 SR
BT x, 10,25 YERH, X2, V2, 2% 4 AR
B 1y, x5, 2,5 UYERATE 28 109 (a)F HHERY
0% x,8 AEE A YA PJrAsE g 5 @
= ¥ (b),(C)Oﬂ}v"‘L—T xgﬂ' X5 j_F,]_TI__ x3?+ 1494 i]'o] NZ
oAq HRAEE BUg 5 Ao

a9 114 ARAE B9 PRrA5E vaste vel
Wtk 1Y 119 (@€ sin@rl0)E 4HAZE ALE3H9
£ woiH, (b)= 5sin(@710) & AHE3IME wolth a7 11
of A74E HEY (a), (b )ET 548 FHEAsE dgd A
B A5 F1/60 & Ae & F Uk F Fres Az
ANzl Mzel o2 A NEE sk AAse dEY
9% 1 eS¢+ Aok

do, 1o

50 100 150 200 250 300
1 v . Tirpa

L L .
0 50 100 150 200 250 300
Tima

(a)

E . s L s n
0 50 100 150 200 250 300

Y1-v2
o
§ T

914 916 918 S92 922 924 926 928 93 932
Time

(b)

1]
AF
MY
o
8 of '
~ _2
A . 4 ! ; . ) L L d
115 1158 116 1165 117 1175 118 1185 119 1195
Time
(c)

3% 10, AR AZ7F THEHAE wo 7 AE B A3
B3 (a) %% x, (b) x5 x5 (b) %37 xg

Fig. 10 Comparison of the signal of each state variables

of both sides when information signal included.(a) x; and

Xy (b) X9 and X5 (b) X3 and X

313



HX| ¥ XsAI2HEs =F%| 2003, Vol 13, No. 3

15 e gin(wt)
— - 50%(Y¥1-Y2)

inputsignal & 50.*(Y1-Y2)

st — S7sinwt) |
— - S0%(Y1-Y2)

nguisignal & DYY1-Y2)

)
952 953 95 4 955 95.6 957 958 959
time

(b)
38 1. AEASe} BANTe ni JFANET) (a)
sin(27104) (b) 5sin(27100< =)
Fig. 11 comparison of transmitted and received signals
when (a) sin(2710#), (b) 5sin(27109) was applied as
information signal

¥ 119 235 B8t G oE Chua S2AA A
BE @7] AsiMe AR5 AVE Ftex A FF
3 2 F U=E A sof Fi5le WEH 2 £ A7
AXE ofF & JEL 7R AIE AR NEE AT £
ATE AFHE de F YUtk

3.8 E

2 dFdMe stex 329 B3 Wwioez e U4
A A 714 7% &7 719 dEMEE 9 75
E718 AYsta, vl Flo ol &ste WEE AASHH
el 7F 71 71HS Al FEEY) )T KA
AFHE JHAL YFE FAF F 9lRon ofF o] &3t u)
LA 2Ee s BE5g g ARE Ak

Faogzs

[1] T. Matsumoto, "A Chaotic Attractor from Chua’s
circuit”, IEEE Trans. on Circuit and System,
vol. CAS-31, pp. 1055 - 1058, 1984.

2] sg 4, 1A=, 2?3, “Chua3] 2o A €]
Bifurcation® Attractor”, 3471383 314 g&d
3 =%, pp.664 - 666, 1995

314

(3] wigd, 2AZE, A3, “F& A I HH
ol #F A7, #3AFAASGe I =84,
pp. 370 - 373, 1995.

(4] W93, 1A%, d8Y, “Chua 249 zevg
W3lo] 23 Period-doubling® Bifurcatione] I3t
AT, FF AFA & 3o =8, pp. 482 -
485, 1995.

[5] L. Kocarev, K. S. Halle, K. Eckert and L. O.
Chua, " Expermental Demonstration of Secure
Communication via Chaotic Synchronization” Int. J.
Bifurcation and Chaos, vol. 2, no. 3, pp. 709-713,
1992.

(6] K. S. Halle, C. W. Wu, M. Itoh and L. O. Chua, ”
Spread Spectrum Communication through
Modulation of Chaos ” Int. ]J. Bifurcation and
Chaos, vol. 3, no. 2, pp. 469-477, 1993.

[7]1 J.LAK Suykens, "n-Double Scroll Hypercubes in
1-D CNNs” Int. ]J. Bifurcation and Chaos, vol. 7,
no. 8, pp. 1873-1885, 1997.

[8] L. O. Chua "Chua’s circuit 10 Years Later”, Int. J.
Circuit Theory and Application, vol. 22, no. pp
79-305, 1994

[9] M. Itoh, K. Komeyama, A. Ikeda and L. O. Chua,
"Chaos Synchronization in Coupled Chua Circuits”,
IEICE. NLP. 92-51. pp. 33-40. 1992.

[10 KK M. Cuomo, " Synthesizing Self -
Synchronizing Chaotic Arrays”, Int. ].Bifurcation
and Chaos, vol. 4, no. 3, pp. 727-736, 1993.

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

[12] P.Arena, P.Baglio, F.Fortuna & GManganaro, ”
Generation of n-double scrolls via cellular neural
networks,” Int. J. Circuit Theory Appl, 24,
241-252, 1996.

(131 P. Arena, S. Baglio, L. Fortuna and G.Maganaro,
Chuas circuit can be generated by CNN cell,
IEEE Trans. Circuit and Systems I, CAS-42, pp.
123-125. 1995.

(141 M. Ttoh, H. Murakami and L. O. Chua,
"Communication System Via Chaotic Modu-
lations” IEICE. Trans. Fundamenrtals. vol. E77-A,
no. 6, pp. 1000-1005, 1994.

{15] K. M. Short, "Unmasking a modulated chaotic
communications scheme”, Int. J. Bifurcation and
Chaos, vol. 6, no. 2, pp. 367-375, 1996.

[16] L. Kocarev, Chaos-based cryptography: A brief
overview, IEEE, pp. 7-21. 2001.




e & S7|&E 0|&% vjLEY

29 2(Young-Woo Shon)

ARk : 7R

X Kb A 7K 1981 : Feista AxFes 29
(8D
1983 : FEoistn digtd dassty
2Q(F AL
ul 4 A (Young-Chul Bae) 2000 %].sl;(ﬂi}:}‘ﬂ_qq]]—;}% EAC L5
1984 24 @ Feoigta W71F8T £ = (3P

1997‘5. : %T'O:EHQE EHT‘?‘]-'%_] ;5‘17]%6‘}-3"}' 19911,‘3,‘,19971{4_ : ’.‘l“ﬂﬂ%’%‘ﬁ’_%
EA(@IAD EBEEE
1986-1991 : =AHFA} 5 R 2
19983 EA AXE AHAFEHAE =
1991-1997 : Ad7)¢4 R AYAT7H " i
1997-dA Ag=igtn 7| st zus falBof : 948, Chaos 38, HEQl4,

% A7, ses

Zloj 2(Yigon Kim)
1983 ¢ gEFTUE gt
S HAAZ 8 HE(F 8 A
1993 : Agoista dstd A7 38
E(FHA
19909 : dESA T ALATd
2001 : )= olo] o} Y weus

ZF2HKim Ju Wan)
19989 29 : &HUgtn AxF e
(F3Ah
20014 29 ~: AFdgtn gl MALEA

ARk hes TS % A=A QA elpvEe 2 ReEA 3o
tEE

BBl HARLY NFAE, ASA

315



