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A Three Dimension Chaotic System and Its Circuit Realization

Wang Zhulin, Min Fuhong,Peng Guangya,Wang Yaoda
(School of Electrical and Automation Engineering,, Nanjing Normal University, Nanjing 210042, China)

Abstract: In this paper, a new chaotic system is proposed and the dynamic characteristics of the system are analyzed
through the phase trajectories of the new system, the power spectrum,bifurcation diagram,and Lyapunov exponent spectra,
and the existence of the new system coexistence is discovered. With the different initial values, the system has shown that
the coexistence of different motions disappears with the change of parameters. Finally, the circuit simulation results are in
agreement with the numerical simulation which proves that the new chaotic system circuit is physically achievable.
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Fig.1 The chaotic attractors of the new system
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Fig.6 Phase diagram of the system for r with different values
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Fig.7 The local coexist motion state of the system

3 RGOS

TRl F S P AL U T T R AR RS TC AR R, AR AL B A IR S R T R U
TEHE RN 15 V, (S s BRI AMEsh BIEE N £13.5 V. TH ARG A RASHSEEBE T £13.5 V,
JIT LA BT S AN o LG R 4 AR 4, X AT R4 50 1505 S EBIRA TR (1) 15

dx/di ==12.5x + 6.7y + 50yz,
dy/de =—=25xz+45x - 0.125y, (7)
dz/di = 0.8xy = 1.72z+ 0.5yz.



B AU 4R (T AR ARRR) 16555 1 (20164F)

VERFIAJ RO AR, & 7=700 , 7=100 ,15
dw/de ==1250x + 670y + 10 000yz,
dy/dt=-5 000xz+4 500x — 12.5y, (8)
dz/dt =8 000xy — 172z + 5 000yz .

YR 22 50 o % R P ) N H B B , T A5 R G I S R A
1 1 1
da/dt =— x

+ yt ¥z,
RZCI RICI R14Cl
1 1 1
dy/dt=- xz+ x - v, (9)
RIOCZ RSCZ R7CZ
defde= Ly -1 ;4 1

R,C,7 T RCTT R

F () M(OAHELEL, 71151 250 = I/R,C, , 670=1/R,C, , 10000 = 1/R ,C, , 4500=1/R,C, ,12.5= 1/R,C, ,
5000=1/R,C, , 172=1/R,C, , 8000=1/R,,C, , 5000=1/R,,C, , 45 C,=C,=C:=1 uF,R=150 kQ,R,=80 kQ,
R:=8 000 k€, R=35.7 kQ, R,=580 kQ, Riy=20 kQ, R\=12 kQ, Ru=10 kQ, Ris5=20 kQ, R:, Rs, Rs, Re, Riz, Ris %
HBCH 10 kQ.

AR T Multisim 05 FUECPE BEAT BT E5B =48 G TR TE R SERY L, RLER AN 8 B . s R iy I
e R I Z M v B L2 BEADL SR 125 2% AD633 iz B K A% (TLOS2CP) , Hirh AD633 J& HIDk S & 48 th
A AR 2 S AR, TLO82CP J2 FH R iz By . 5 FLA5 RUNIET 9 o, WLER S g 45 SR i) B B0 1L 5
W7 AR — B, Tt — P B0E T Hr iR M R G ny 3l 122470, (Rl it e W] 1 7 28 S8 i) 4 ]
SHUE, A ROR T R B2 D REIR AR 5 A A R BN SIEI cm A  sh (5 B AT i ae i B B2
1AL

T = = 1>

R, R,

R,
— X A3
R T > X0
N = = R—F
— Y
R, I
= R, C,
y 4
% >
[l R, =L F -
R, > = L —"
X AI R“ R.i.
= I
Y G

RIS

et

B8 H%(1)MEESIH

Fig.8 Circuit implementation of system (1)



FRAR, A B = HEIR I R G SO PR S

75

(a) z-xFHIE
751

26+

(c) y-zAIIE]
B9 Z&G(1)WHBEEHEER

Fig.9 Circuit simulation of system (1)

58
ARSCHE T — N8 m =4k FIRIRTE RS0, B R G IA E w0 8h 1547 R .l B b BUE T E

hAGE R 3 2 M Lyapunov 48 B0E SEIESE T8 REGEH 3 12w etk . fJa S R e it 1 L i i
SCH RS RGP BT SEIE B R GEEAT — DRI R LRI R, A 00 2% 1 A S SR

E_

SE H A Bl N ELAT S 22 1 D 323 DA S BAT TE A 5 OR Lyapunov 1851 . 8 53 280 r BB R G0

AR AT T 008, K BLRGE TP AE A 8 Wz sh A Wiz sh g 3677, duy JA i 3 5 R s sh 3L A7
MBLAR . B R G S AR R 234 S B R i 4 SE B AT, T AR BT 28 4 vl A i i TR D DR T
7 RN BN S U A AEAR S 14 B B

[ 2% 327K ] (References)

PROGZR , B4R . Lorenz RETIGERI N J1°# 03 K FEb] G110 (M ] Jbat Bl i, 2003.

CHEN G R, LU J H. Family Lorenz system dynamics analysis, control and synchronization M ]. Beijing: Science Press,2003.
(in Chinese)

LORENZ E N. Deterministic nonperiodic flow[ J]. Journal of the atmospheric sciences, 1963 ,20(5):130-141.

ROSSLER O E. An equation for continuous chaos [T]. Physical letters A,1976,57(5) :397-398.

CHUA L O, KOMURO M, MATSUMOTO T. The double scroll family[]]. IEEE transactions on circuits and systems, 1986,
33(11):1072-1 096.

CHEN G R,UETA T. Yet another chaotic attractor| J ]. International journal of bifurcation & chaos,1999,9(7):1 4651 466.
CHEN G R, DONG X. From chaos to order: methodologies , perspectives and applications [ M ]. Singapore: World Scientific,
1998.

LU J H,CHEN G R,CHENG D Z, et al. Bridge the gap between the Lorenz system and the Chen system [J]. International
journal of bifurcation & chaos,2002, 12(12):2917-2 926.

LIU C X,LIU T,LIU L,et al. A new chaotic attractor| J |. Chaos, solitons & fractals,2004,22(5):1 031-1 038.

LIU C X,LIU L, LIU T,et al. A new butterfly-shaped attractor of Lorenz-like system[ ] ]. Chaos,solitons & fractals,2006,28(5) :
1 196-1 203.



B AU 4R (T AR ARRR) 16555 1 (20164F)

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

QIGY,DUSZ,CHEN G R, et al. On a four-dimensional chaotic system [J]. Chaos, solitons & fractals,2005,23(5):1 671-
1 682.

CHEN A M, LU J A,LU J H, et al. Generating hyperchaotic LU attractor via state feedback control [J]. International journal
of bifurcation & chaos,2005,364:103-110.

SREEME, FEJTAE IR B — DB = 4B R SE ) ). WUHE2A4, 2008, 57(11) :6 7996 807,

ZHANG J X, TANG W S, XU Y. A new three-dimensional chaotic system[]]. Acta physica sinica, 2008, 57 (11) : 6 799—
6 807.(in Chinese)

e Ei AR SRR L — AR AE AR IE R G0 S SR ] 3, 2009,58(3) 1 1 446-1 455.

TANG L R, LI J, FAN B. A new four-dimensional hyperchaotic system and its circuit simulation [J]. Acta physica sinica,
2009,58(3):1 446-1 455.

JE/NG . —FPHAE Lyapunov 18 4GE AR RS S BT FL L) | DB, 2011,60(10) : 54-65.

ZHOU X Y. A chaotic system with invariable Lyapunov exponent and its circuit simulation [J]. Acta physica sinica, 2011,
60(10) :54-65.(in Chinese)

DG, B NE 2t ds | —RIgEZFIRM RS XA s B[] . BB, 2013,62(2) : 153-158.

LUOM W,LUO X H,LI HUA Q. A family of four-dimensional multi-wing chaotic system and its circuit implementation[ ] ].
Acta physica sinica,2013,62(2):153-158.(in Chinese )

AR S, PRI AL, SREELL, 45 . BT B ] e 4 T MRS T BRI R e 2 B . W4, 2014, 63(6) : 73-81.
SHAO S Y, MIN FH, WU X H, et al. Implementation of a new chaotic system based on field programmable gate array [J ].
Acta physica sinica,2014,63(6) :73-81.(in Chinese)

ZEMEAS, ARAE | — R T SR B U A TR Rl 77 3 [0 . Bl 2015, 64(14) : 140 501.

LI X J,ZHOU D H. A method of chaotic secure communication based on strong tracking filter[J]. Acta physica sinica, 2015,
64(14):140 501.(in Chinese)

PARTLL, Th I3 0, A | Tk R R R FLIBR vE ) R GEIR AR L) ). B4R, 2014, 63(5) : 70-77.

MIN F H,MA M L,ZHAI W, et al. Chaotic control of the interconnected power system based on the relay characteristic func-
tion[J]. Acta physica sinica,2014,63(5):70-77.(in Chinese)

SR I AR IR THRAS T K REIR] D A LA SRS W —— LM T () ). 3441, 2013,62(15) : 82-88.
WU Z Q, YANG Y, XU C H. Fault diagnosis for permanent magnet synchronous generator under chaos conditions : LMI
approach[]]. Acta physica sinica,2013,62( 15) :82-88.(in Chinese)

[TE%E . R K]



