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A 4-D four-wing chaotic system and its circuit implementation

LU Chi-mei'’

(1.College of Physics and Electronic Science, Hubei Normal University, Huangshi Hubei 435002, China; 2.Department of Electronics and
Information Engineering, Huazhong University of Science and Technology, Wuhan Hubei 430074, China)

Abstract: A new 4-D four-wing chaotic system is constructed by adding two linear state feedback
terms to the four-wing chaotic system, which is more stable, reliable, and its circuit can be easily
implemented. The basic properties of a new 4-D four-wing chaotic system are further analyzed. Finally, an
analog circuit is designed to implement the new system, which shows a good agreement between numerical
simulation and experimental results. The proposed system is important to some relevant engineering
applications such as secure communications.

Key words: four-dimensional chaotic system; four-wing chaotic attractor; circuit implementation

1 T RS, RSN T2 R G050 S AR PR 0 A5 P A R SR 1l S R i 24k o L, A B A A2 0%
) 1 2 RV AR 0 45 4 B TR R e TS AR, AR B 0 E B4R, X TARA WA DT ) . —J& 5k T Chualfl %
A Al 1 B AT 246 W RS F () X Chuatg #1 s 55 — AN JEAE Lorenz 5 48 360 144 #3909 = A iR W 51 72,
HAT, 7EiRMHE TR D, C8A 12 EARRR AR CH IE L i 80" 4 28R M 5517 Qi 74 At it
T =AM R RS, ARG A SR AR ORI . %5 AN E it A — ARk
BRI, AT HOER RIS T, HRIHREA S . ARSI T 2 B X AR
PUZEPUBIRIE R GE(1D), Wegl FHMAERE . nT5E, WS T, R M AEEIE i SR R

1 MENERERFEESH

E SLPREL:
fi(x) =a(x, —x)+x,x,x,
L (x)=b(x +x,)—xx,x, (1)
f,(x) = —cxy + x,x,x,
fi(x) =—dx, + x,x,x,
A a,b,ed RIEESH
Qi &5 NVt i U 4t A TR TE R G 3 12 R R N
x = f(x), i=12,3,4 2)

KimBEHER: 2010-09-07; fE&EIHH: 2010-11-08
EETHE . WA woa aiRHL R % B H (20070508); HCITE 22 5 T RHIF B35 H (2006E03)



230 5 B 5E B F I8 %9 %

=[x 3 x RRAE R, EEBE AP AT IR R . A SCTIA T2 R R, O -
fi(x)=a(x, —x)+x,%,x,
£2(x) = b(x, +x,) = x,x3%, 3)
f(x) = —cx; +ex, +xx,x,
fi(x) = —dx, —dx, + x,x,x,
A e RIEMSH.
A S e 1 7 2 DO 3 IR R 5 1 8 0 2 7 R AGE 5 Qi 45 KR Hh I DU 4E 1A R R Ge A — R
1.1 FE=
3 3o AR E) Qi S AR O O F A IR I R G A O TR (R A, 4 3 %, IS B AR R 1Y
(. AR S, =[x x|y = [ oo o | 2 AR R B
EREE TR SEPoE o

S, =|:xll x; x; x;]
S, = [—xll —x; x; xi:l
L 4)
S, =|:xl X, =X, —x4]
1 1
S, =[—x| - X, =X, x4:|
52 HART T A

8= x} x3 x3 xf}
Se=| —x7 —x% x? xﬂ

- )
S,= x§ X3 —x; —xf}
Sy =+t - = =i |

55 3 KRBT FAM AL S=[0000],

ﬁ%%@fﬁj\ EPS:’(FLZ,’"’8)%%:%){5\5@%( ’ Sl,z,S3,4,S5,6$nS7,xjéTﬁéﬁ‘qzE Xy= Xy X R ’ S1,3,S2,4,S5,7$HS6’33‘§5':
x, = x, REFR G GIAT 24 B4R i ki D 2 O 3R D AR GO T B R AR R AR L HOGF x, - x, L xR RRPE
K

1.2 #PlE
TEFA7 05 So A XF BT 2 > B ds i = 0 PO 4 U BIR 1 R g 41k, A Jaccobian Hi[% .
—-a a 0 0
4 = b b 0 0 )
10 e - 0
0 0 -d -d
FEFE Ag BRRAEE R -
fn=y(b-a+p)
ﬂoz%(b—a—p) (7)
Apy=—c¢
%4:_d

5 22 R I B R ) A



55 2 1] St . — M NENERTREREBEIHY 231
0 :' 1 (b+a-p)lg+p(b—at+d+c)]  1g+p(b—a+d+c) 1-b+a—p-2d | !
‘4 bed 2 ed 2 d
0 :_ 1 (b+a+p)[g—p(b—a+d+c)]  1q-p(b-a+d+c) 1-b+a+p-2d 1 !
02 _4 bed 2 ed 2 d (8)
r _ T
5= 0 0 ‘i;c 1}

v, =[0 0 0 1]

L: p=va' +6ab+b’ ; q=b"+2ab+a’ +2cd+db—da+cb—ca, MT ab,cde¥IHIE, FrLl 1g>0, XFHF
i Soe— MAFRER S . FIL, 7 S, bEEFRREREMARERERE N .

1.3 FEBE

E’ (8,) = span{l) V.,

022 703° 04}

E”(SO) = span {vm}

FIAT 2 A B Al fd o 4 D 3R MG R SR AR, PO RR R (RE R e O R

) i 50 A S0 O

\44
ox, Ox

1 2

ox

X%

3

dr

dt

9
+£=b—(a+c+d),

ox

b—(a+c+d)<0

=[p-(a+c+ay]

)

(10)

(11)

PRBUN (0 Bl 25 ok i3] LS B8, 0 ¢ 220 B R B V(0=p(0)e!™ " " N 2 1ol A AS/IMAFRIE LIS
B A b—(atetd)USE] 0,

-20

15 -10 -5 0 5
X
(a) projection on'the X=X, plane

10 15 20 25

25 20

-15-10 -5 0 5
X

. . Al
(c) projection on the x;-x4 plane

10 15 20 25

-15

20550 5 50 50 5 10 15 20 25

X
(b) projection on'the x)-x3 plane

2905 0 5 0, 5 10 15
(d) projection on the x,-x; plane

20

-10 -5 0 5 10

X2
(e) projection on the x,-x4 plane

15

20

20 -15 <10 -5 0 5 10 15

X3
(f) projection on the x3-x4 plane

Fig.1 New 4-D four-wing chaotic attractor
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Fig.2 Diagram of implementation of the 4-D four-wing chaotic system (II), where all the active devices are supplied by +15 V
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(c) projection on the x;-x4 plane (d) projection on the x,-x; plane
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Fig.3 Phase portraits of the 4-D four-wing chaotic system observed on the analog oscilloscope
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