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Table 1 The equilibrium points and the eigenvalues of subsystem A
A s EROR(EN Ei=tan
$,0(0,0.15,0) A, = 3.00,4, =-4.30,4; = - 10.00 1
$,,(6.42,3.60,5.37) ,S,( ~ 6.42,3.60, - 5.37) Ay =-13.84,0,, = 1.27 £5.85; 2
S45(6.69, = 3.60, - 5.60),S,,( - 6.69, — 3.60,5.60) A, == 14.06,A,4 = 1.38 £6.03 2

K2 FEEBHWTERASHIEE

Table 2 The equilibrium points and the eigenvalues of subsystem B

A FEIEE eIy
S4(0,0.06,0) X, = 6.00,A, =—7.90,A, = - 25.00 1
Sy (13.99,6.89,12.20) ,Sy,( - 13.99,6.89, - 12.20) A =-31.59,0, 5 = 2.35 £11.97) 2

Sps(14.11, = 6.89, = 12.30) ,S,,(— 14. 11, - 6.89,12.30)

A =-31.68,4,5 = 2.39 £12.05 2




B F1ER 24 X Z 20 (RRIZEI) 2019, 11(4) :467-473

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2019,11(4) :467-473

25

469

20
15
10

=20
a. T RGEAF RIS | FHIE
A 1

-10 0 20

Fig. 1

b. T RGEBH RIS | T

PSR GE P IR 5 | T AH

Chaotic attractor of (a) subsystem A;(b) subsystem B

F£3 LK =-16,K,=58 VHIRESL (1) HTEEHR SSEE
Table 3 When K, =-16,K,=5,the equilibrium points and eigenvalues of switched system (1)

A R £zt
$,0(0,0.15,0) Ay =3.00,A, =-4.30,A; =-10.00 1
S50(0,0.06,0) Ay = 6.00,A, ==7.90,A; =-25.00 1

Sp(=6.42,3.60, - 5.37) Ay =-13.84,4,; = 1.27 £5.85 2
Su(=6.69, - 3.60,5.60) Ay =-14.06,1,; = 1.38 £6.03; 2
Sp(13.99,6.89,12.20) Ay =-3L59,0,5 = 2.35 11.97 2
Sp(14.11, - 6.89, - 12.30) Ay =-3L68,1,5 = 2.39 =12.05 2
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F4 HK=-17,K=90 IRELE) HWFEEHSSHTE
Table 4 When K, =-17,K,=9,the equilibrium points and eigenvalues of switched system (1)

R P FEAF(E L7
5,6(0,0.15,0) A, =3.00,1, =-4.30,A, = - 10.00 1
S50(0,0.06,0) A, = 6.00,4, =—7.90,; = - 25.00 1
S (13.99,6.89,12.20) A =-31.59,0, 5 = 2.35 +11.97 2
Sps(14.11, - 6.89, — 12.30) A, =-31.68,4,5 = 2.39 +12.05 2
$,1(6.42,3.60,5.37) ,8,,(~ 6.42,3.60, - 5.37) Ay =-13.84,0,5 = 1.27 £5.85; 2
5,3(6.69, —3.60, - 5.60),5,,( - 6.69, - 3.60,5.60) Ay == 14.06,1,5 = 1.38 £6.03 2

x5 LHK=-10,K,=10 8 MREZE(1) W ESSHMEE
Table 5 When K, =-10,K, =10, the equilibrium points and eigenvalues of switched system (1)

A 1 FRIE(E Eigan
S40(0,0.15,0) A, =3.00,1, =-4.30,A;, =- 10.00 1
S40(0,0.06,0) A, = 6.00,A, ==-7.90,A, =~ 25.00 1

$,,(6.42,3.60,5.37) ,S,,( - 6.42,3.60, - 5.37)
S33(6.69, = 3.60, - 5.60),8,,( - 6.69, - 3.60,5.60)
Sy (13.99,6.89,12.20) , Sy ( - 13.99,6.89, - 12.20)

Sa(14.11, = 6.89, = 12.30) ,S,( - 14. 11, - 6.89,12.30)

A =-13.84,0, 5 = 1.27 +5.85; 2
Ay =-14.06,1,5 = 1.38 £6.03 2
Ay =-31.59,0, 5 = 2.35 £11.97) 2
Ay =-31.68,4,5 = 2.39 +12.05 2
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attractor of switched system (1)
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Design and circuit simulation of a multi-wing chaotic attractor based on
a threshold-adjustables witched system

SHI Qingyu' HUANG Xia'
1 College of Electrical Engineering and Automation, Shandong University of Science and Technology, Qingdao 266590

Abstract In this paper,a design scheme for the generation of multi-wing chaotic attractors by adjusting the thresh-
old of a class of state-dependent switched systems is proposed.First,two Lorenz-like subsystems are constructed , and
based on these two subsystems, threshold-dependent switching law is designed,and a state-dependent switched sys-
tem is constructed.Finally,by adjusting the threshold of the switched system,the number and distribution of saddle-
focus equilibrium points of the switched system can be changed.Therefore ,the constructed switched system can gen-
erate chaotic attractors with 4-6-8 wings.In addition, the analog circuit of the switched system is designed by analy-
zing the state equations of the switched system.The simulation results of the analog circuit are consistent with those
of numerical simulation.The experimental results show that the proposed design scheme provides a method of gener-
ating multi-wing chaotic attractors without increasing the dimension of the system or designing complex nonlinear
functions.

Key words switched system ;threshold turning approach ; state-dependent system ; multi-wing chaotic attractors ; cir-

cuit simulation



