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Abstract

The dynamic behavior of a hyper-chaotic system is much more difficult to be predicted than that of
a normal chaos system. Therefore, it becomes very useful in the secure communication. This paper
constructed a new five dimensional hyper-chaotic circuit based on Chen system when the two
state variables and an inverse controller are introduced. First, the stability of the fixed points and
dynamic behavior of the phase space of the new system are discussed, and three positive Lyapu-
nov exponents are found. Modular circuit of the system is designed. The results of circuit simula-
tion are in agreement with the numerical simulation. Then chaos synchronism of the system is
achieved with drive-response synchronization method. Numerical simulation of the secure com-
munication process for the square wave signal is given, and chaotic masking method is used to
realize the secure communication circuit with square wave voltage signal of the system. Finally,
two ways to deal with secure communication are discussed; one is the chaotic signal mixed with
the image, and the other is chaotic signal added to the digital image. It is shown that the latter is
better than the former in the effect on secure communication, and is more suitable for information
reversion.
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Figure 1. Phase space structure
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Figure 2. Lyapunov exponents of the system
[E] 2. &% Lyapunov 53
nX—X, Ny >y, NZ—2, NW—W, nu—u, EFHTIEN:

x=a(y-x)+w
y = dX—nxz +cy
Z2=nxy—bz—ku )
W=nyz +rw
u = kx

AR 1R] g ROBEAS 4, ORBERR 29 100, TUIKE B2 (R cRR 43 e ey «
X =100 (35y —35x + w) dt
X= 100J‘(5x —5xz +12y)dt
X =100[ (5xy ~52 —1.2u)dt (10)
x =100 (5yz + 0.5w) dt
x =100 1.2xdt

DL PR 2% FR S 0] LU BIAR A3 35 . SRAH AR A F 2 R 28 A B, AT AR R G R ioin s . FeFIAR Sy
B8 AR BHE R #E N TLO8S, Feikasie ] AD633, Hi i i [k N+35 v F 55 (9) N B A B iE A A e,
WA HEE IS 3 B,

1% B R5 = 28.75 kQ. R4 =28.75kQ, 5 XM &R G 2%y a = 35; R10 = 666.67 kQ. R1 =
666.67 kQ, HXfMZHCAk=1.2; R7=200kQ. R8=283.333kQ. R11=200kQ. R14 = 2000 kQ %} [f]
ZHGrHAd=5. c=12. b=5. r=05. HWESHLEKE 3 hIaHE. KA Multism 12 7 7%, 1
TNV RS 1 A5 B A () £E B AR P BB R . 4 R S 2 RIRE R 1 B AR BRI, R TR
/DI, WU EUBUE R A 25 R e 27 &, AN EE BB 358 0T AR 4 (0 R VAR
4. RGEREBZBRPHNMARS
4.1. RERD

TR R D TR R A TR B BRA . SERRVE R A IR ama N E e . B G RRE . FERIE
fikrp RIS . R okal - HER RS R SUR AN IR 8N 1 RGUTFEE RS SRR, R RGATHN



LS
FE B OB AL T
y RS o RI7  RIE xsc3
Jf
28.571kQ . 100kQ | 100kQ =~ =y =y
[ :
vais -
vets ;
2o | 3 .
gl i i - & 4
< dy . ;
w
1000.0k0
a2
R10 C“‘ R21 R20
f
Y y A
« 1V
200.0kQ 3 Uy
y  re T
peddos -
20000
w2
y a7
. iz oo
1Y
Re
w i pJRE 5
Ao soe6Ta

Figure 3. 5D hyperchaos circuit diagram
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Figure 4. Circuit simulation results. The left refers x-y plane, the right refers x-z plane
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Figure 5. Circuit simulation results. The left is y-z plane, the right is the z-u plane
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Figure 6. Errors over with time
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Figure 8. Encryption and decryption of chaos signal mixed with image
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Figure 9. Encryption and decryption of chaos signal mixed with digital image
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Figure 10. The principle diagram of the chaotic secret communication
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Figure 11. Circuit simulation results of square wave type signal
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