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Abstract

A novel five-dimensional (5D) autonomous hyperchaotic system is studied in this paper. The dy-
namics are analyzed, including the symmetry, dissipation, equilibrium point characteristics and
initial value sensitivity. The Lyapunov exponents of the novel 5D hyperchaotic system, as well as
the phase portraits of the numerical simulation, are shown to prove the existence of the hyper-
chaotic attractors. The analog circuit model is designed via the modified module-based approach
to hyperchaotic circuit design. The hyperchaotic phase portraits of the analog circuit model are
also given to illustrate the good qualitative agreement between the numerical simulation results
of the mathematic model and the circuit simulation results of the analog circuit model, which
would demonstrate the correctness of the analog circuit model.

Keywords

Hyperchaos, Novel Five-Dimensional Hyperchaotic System, Circuit Design

— AR RN 2 SHE BT

#® O’ F

B ZE A AT A e, R
RERORE, R
Email: spots@163.com

Weks . 201943 H9H: FHEM: 20194F3H20H: & THM: 20194F4H2H

CEGIH: BE, Rk D LAERIRIAR G AT 5 R BT 30 R 15, 2019, 8(2): 118-128.
DOI: 10.12677/dsc.2019.82014


http://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2019.82014
https://doi.org/10.12677/dsc.2019.82014
http://www.hanspub.org

g, A4k

HE

AXHR—AFHO DL ERERBERE, EHRARNRE. FEE. PEAENESRE, o
3 1R . 4 BT AR R A M Lyapunovig B R A 05 BARPUL LR, DAL Bl R iR 51 7
RIFFAEYE . AR STR P VR o P B A AR R AL BT D R B v H 3T L VT R A FR R AR T . A
RS Y 0 B AR AR IR B i 2 e MR W R T RS R S RE T B R — Bk, DARFTBEHEY
A B AR T Y IE A A

K
IR, FEARIRETRA, M

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

1963 4, EEAR¥K Edward Lorenz B /u KIIRHEZEF)[1]. RS HA F 5 M & R HEL M)
J1EREE, HAEG S, REEE. Akl PSSO B A EE N HMEMATR, — B2 IEZ M
M TR 2 — (2] [3] [4]. WRIHEZBNE T KA =4 K UL EAERE BB RG . IR 3N 1 F 2R AT
fFE: PMEBURME. AR BARYE. 8RR, M Rgn] AR RIS AN, — R EA —NIE
] Lyapunov 850 — T Z 1 Lyapunov 8%, A N HH) Lyapunov 851

1979 4, fEEYIEE 5K Otto Rossler 1 5 HE H R TR VE FIMES LI TRVE Rossler R4E[5]. #HRTTIZS)
HA RIS KA A —U)ReE, B R AT RMAEL IS 547 8, HAEARE . BTiEE
LR oAt T A% B A 8 2 JRHIE B B B, DRt S B R SO (B A S R ATt [6] [ 7] [8] (9]
TRIZ B 5 VR IZ B 1 3 X R -

1) EHREIS ZE K AR IYE R DL E AR BiE R G

2) IR RGN YEER =4 DL B o 4R

3) MR RSB A WA UL IER Lyapunov 841,

TR HE 3 BAT DA BRI e S, AR SCEE T SCHR[10] 8 H — /N kRt R 4, (HoR
N FAR LA B 1 R AT VE A 0 b o DRI, BEXHZOR 4BV R G0, AT RRIE . FERLE . P
7 R P A SR DY AN T T R 0 M Bl )R, Bl Matlab B 07 5L, THEDET Tu4EiE R
ARSI Lyapunov 8401 Lyapunov 4E%, 2l KRG M BUE U7 SAHPUZE f 2k, DAL 309 2R 45 rpok VR i 5|
TIAEAENE . FEUREEAE b, AR SCHDR A VR ot P B Gk B AR R AN B vt D VR T T 4 TR T R 4 (R 5540
HLERAEAY, B Multisim FLEE 07 FUME, 22 REEH HLER 07 SO I 28, I H 5 BB 0 A BZE ith
IR — AT XL, DA e P B BT T (10380 T4 B VT 2R 4 AR B A Y 1) TE A 1

2. MARBRERGEONDFHETH
2.1. BFRE
1L AR 2R G B B R R[10]

DOI: 10.12677/dsc.2019.82014 119 B 1RG5


https://doi.org/10.12677/dsc.2019.82014
http://creativecommons.org/licenses/by/4.0/

g, ek

dx

Eza(y—x),
%=(c—a)x+cy+w—xz,
dz
5_—bz+xy, )
dv
—=mw
dt
dw
E__y_hvs
HiF, x,y,z,v,weR NRGHIREZ R, a=23, b=3, c=18, m=12, h=4 N H4EBRIERZ)
FEBItE 2
2.2. MR
BREDTH xv yv ve wBBN-—x. -y —v. -w, 71§
d(=x) _ r o dx
) _af(-9)-()] L.
d(—
) _(ca)rpre)r o= Lo (emarrgwes,
d(+ )__ Ve dz
& bz+( x)( y), - G bz + xy,
d(—v dv
(dt )=m(—w), E:mwa
d(-w dw_ -

O ()-h(ev), T
Eﬂﬁﬁ'%ﬁ’}ﬂﬁ%(x,y,z,v,w)—>(—x,—y,z,—v,—w), R (DB R A AR, WMol H4E R 250
(DT z FlXFFR
2.3. FEEE

B LRI RS 2 N
VV=6—x+6—y+g+@+a—wz—(a+b—c):—8<0,
Ox Oy 0Oz Ov Ow

YT TR VR R G (1) 2 AEHU, RGURESHIR A S .
2.4, EERTH
LRIIATLN 0, ATFEH IL4EBIRM R G (DRFAPRES TN
a (y - x) =0,
(c—a)x+cy+w—xz=0,
—bz+xy =0, 2)

mw=0,

-y—hv=0,
T4 Q), £

DOI: 10.12677/dsc.2019.82014 120 1RG5


https://doi.org/10.12677/dsc.2019.82014

g, A4k

x, =y, =4b(2c—a),

z,=2c—a,
b(2c—
L AbCe=a)
’ h
AR LB TE R S (DT 3 AP
5,=(0,0,0,0,0), S,=(0,0,0,0,0),

Sy =(%02Y,02,5V,,W, ) - 8, = {ffn V3 J
S3:(_xo’_yo’zo’_vo’_wo)7 [\/7 \/—13\/— J

BLLIF7 47 S, = (0,0,0,0,0) Jglil P4 A Ab AT S REVE HE A7 500 SR8 S, = (0,0,0,0,0) bt 5
ST ML, 133 Jacobian HEFE A

=]
S O o O

HARHE T FEA
f(s) = (s+b)[s4 +(a—c)s3 +(a2 —2ac+mh+1)s2 +(amh+a—cmh)s+amh(a—2c)} =0,

Ba=23, b=3, c=18, m=12, h=4RAN R, RKEHEERSHH

5, = —3.0000,
5, =—19.9753,
s, =14.9115,

5,5 =0.0319%6.9414,

Fobt, s,5,<0, 5,50, Re[s,s]>0, A 3 TP AF FHEOKIER, #OF6E S, =(0,0,0,0,0)
N AR T . oA 2 AT AT TR S IR, P A R 20 B 22 1 b i

Table 1. Properties of equilibrium points of the novel 5D hyperchaotic system
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Figure 1. Curves of state variables of the novel 5D hyperchaotic system (1) under different initial values: (a) t-x; (b) #-y; (c)
t-z; (d) t-v; (e) t-=w
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Figure 2. Numerical simulation phase portraits of the novel 5D hyperchaotic system (1): (al) x-y; (a2) x-z; (a3) x-v; (a4) x-w;
(a5) y-z; (ab) y-v; (a7) y-w; (a8) z-v; (a9) z-w; (al0) v-w
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Figure 3. Analog circuit model of the system (6)
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Figure 4. Circuit simulation phase portraits of the novel 5D hyperchaotic system: (bl) x-y; (b2) x-z; (b3) x-v; (b4) x-w; (b5)
y-z; (b6) y-v; (b7) y-w; (b8) z-v; (b9) z-w; (b10) v-w
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