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Abstract

The dynamics of the novel four-dimensional (4D) chaotic system are presented. The analog circuit
is derived from the modified module-based approach to chaotic circuit design and implemented
by means of the A + D Lab platform to illustrate that the novel 4D chaotic system could generate
chaos on hardware. For chaos control of the novel 4D chaotic system, the mathematical model of
the controlled system is formulated, and a linear feedback controller only with one variable is de-
signed based on the Lyapunov stability theory and implemented by circuit. The output signals of
the circuit implementation show that the state variables of the controlled novel 4D chaotic system
are no longer chaotic or periodic but asymptotically converge to zero, which indicates that the
controlled system is asymptotically stable at the origin and the linear feedback controller is feasi-
ble and effective.
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Table 1. Properties of equilibrium points of the novel 4D chaotic system

= 1. YRR R R T E R AR

AT A Jacobian % P FAFAEAR PEIR
5, =26.8744,
5,=(0,0,0,0) S =828, Rfare
=(0.0,0, 5, =—14.5886, e
5, ==3.0000.
S, =(10.5762,10.5762,13.5980,37.2857) 5., =3.9894£16.8862, e
S, =(-10.5762,-10.5762,-13.5980,37.2857) 85, =-15.9894£2.1045). KasE

2.5, FHESRM

7 U S VR I AR 0 (1) RDIR 25 A8 B ) 96 4 20 0 BEE A (p0 V00 200 o ) = (LL L) H (x50 1952, Wp)
=(1.0001,1,1,1), FEARFFHABSEAEBIAAS, R Matlab HUE 07 LAAE, 2280 HHT 0 4EIRIE R G (D) IEAH
VIURME T RIMRIIZE, W& 1 TR,

Xo1
50 N
J 'I4 T v
< e \f\vf&]\w&% iy
@30 ' 0 12 14 16 18 20
100 : . : . . . .
g Ow'“f A PM&W
(b)_lOOO é le 1 1 1 1 1
50 :
N 0 E]ﬂ".f h".j %\‘ fifY |-r L. ,)"ﬂ\ J»'rl\. lJ|'
©-505—— zll
100 '\ :
z 50 \_MJHFH\M .'\,.'L'\f.J WWM&WWW
@ 0% 20

t

Figure 1. Curves of state variables of the novel 4D chaotic system (1) under different initial values: (a) #-x; (b) #-y; (c) t-z; (d) t-w
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Figure 2. Phase portraits of the novel 4D chaotic system (1): (a) x-y; (b) x-z; (¢) x-w; (d) y-z; (e) y-w; (f) z-w
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Figure 3. Circuit model of the system (4)

& 3. RG(4)RIERIIER

“

DOI: 10.12677/dsc.2019.82015 134

) R Y sl


https://doi.org/10.12677/dsc.2019.82015

EEA 5

B 3, A% B AR RS TR 9
dx 1 1
e__ 1
& RC,~ R,

(=)

&1 1 1 1
—=———A(-x)- -y)- —z)- xw,

P WA S W S e AT e )
& 1 1 1

&

& R.GC, R, R,C,

dw 1 1

& 10R,C, (=)= R,C,

2G5 R @) o R B, DM C=C=C=C,=10nF, R =R, =R =R
=R_=R, =10kQ , NI R, =R, =40kQ , R,=R,=556kQ, R,=R,=1MQ, R,=R,,=10kQ,
R, =52.6kQ, R,=71.4kQ, R, =333.3kQ.

3.2. B

AR “A+ D Lab BT SCH " BMECT IR & 517 0B S S0h0-T 6 S I W an 2X(5) B i
VU 24 R AR S RLIDL A B AR S ASSC AP TR T IS S THOR 25 (035 2909 TLO82CP, Sfeik R (1 5 1
4 AD734AN, HJEAEEEE N £15V o B DU 4EIR M R GE AOASIUL R B AE A SEIL AN 5] 4 vh BT . R LB
AT P AR SE PR AR e a1 5 R (@)~(D TR

BXTEEIE s Fia)~(D5 K 2 H(a)~(f), HIERIREMF i % e SRR EES A IR, HANHT i G Ay
LIRSS BB, (G SLhr it % S8 S K 3 X S EURAE e 2 . (B MEVE T K
FE A, USRIANIE 5 v B SRR R B L it 2 5 15 2 o PR BB O B A — B, R T SRR
FLER IS HOR IERIA, AT )T AR SCrhoxh 87 DU 4R TR 2R GERE 18 73 1) s BE T 9T

Dl e e i
e e e

e slon e

— A

Figure 4. Circuit implementation of the novel 4D chaotic system
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Figure 5. Phase portraits of the circuit implementation: (a) x-y; (b) x-z; (¢) x-w; (d) y-z; (e) y-w; (f) z-w
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Figure 6. Curves of state variables of circuit implementation of the controlled novel 4D chaotic system: (a) t-x; (b) t-y; (c) t-z;
(d) t-w
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