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Abstract

This paper proposes a new four-dimensional hyperchaotic system and investigates its event-driven
synchronization problem. Based on Lyapunov stability theory, an event-driven triggering mecha-
nism for exponential synchronization is designed, and an intermittent controller under the event-
driven mechanism is developed. Sufficient criteria for ensuring system synchronization are ob-
tained, which balance synchronization accuracy and control resource utilization. Finally, numerical
simulations using Python verify the correctness and effectiveness of the designed controller.
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TR RGN AR AR 2 GUR A ZRT TR R, RIS RIIR S AU E . AT I RO AN AT T
VLA R 2 3 ANk, AR X B4R 51k 1R 5 TREFHN) 2 SRUE[1]-[3] R AT iRt
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G HRIE IR 7 ik, it R BHEmI[4]. BERAEHI[S]-[7155, BOBSFE SR, (EAESFRNH H
T E SRS FERE R (5 BRI E R RS M, JCHAE R R 4 R BHRZ R, X
SRl R AR . PRI, TR ORAIE [P HORIIATIR T, BRARIE A M5 B, BONIL R
AN PTG SRS

FAF IR IR — R0 A2 ) SR, G W e A IR A 2 A ANAE R GRS 2 25 I
SRR ST AR e (A SRS ) R S R ), Dok bR IR SR A TR R (8] (9] 1ML fE
MR ZR G SR AR B8 S o g i ST 2, 2D AN B SR A A, ARSI
PR (0 [ B AR B RV AR[10] [11]0 SRTT, A5 FARIREh 2 1 N T8 R R G R DA S e 2
B HEARME, a0l 260 E BB R RETE T DAL SEBRT IR B AR BE A, R IR AR T

AR — SRR ) DY S TR AR Gt 0 HLBR SN — Wi Nz [R5 [ AT TR S, 1558, fELorenziigill
R G FIE A N2 M S ARG TR R St HR, BT A R AR E TR R,
BOHRAIREh R s, A T RGP IR0 AE, EORIEFREEER R, SeBlas il SR f e LA A .
5, AU BSR40 1 IR L.
2. IBRERENA

ASCAEFAC R AR S8 LI T LA EAETURIAR LR R, SR — A DU4EERIE R G, HAln 7 fedt
VS|

x=a(y—x)+cw
).'/=y(k—z)—dw 0

z=xy—kz+kw

w=bx—bw—xz

Hehx, y, z, w NIREZE, a, b, ¢ d, kK RRZONSE. HARG S 12 3, Hog 8 Mk
W, 54 NMELMI. 42BN a=33, b=2, ¢=259, d=-13, k=071, ZAGLTIRIRE. %
RGUE xyz 25 0] EARBUE R RO, anfs] 1 AT 2 B

BRI AF Nx = 4.0, y=-02, z=3.0, w=07RNREG, W RGDBATIHE, BRZHMELERIE
BAEN: A =3.8191, A =0.4566, A3=-0.1622, As=-5.0189. RH KIZ=FEY % I Ha B0H N EUE N IERL,
KUESE TiZ R T R AR .

DOI: 10.12677/aam.2025.148370 60 N H it e


https://doi.org/10.12677/aam.2025.148370
http://creativecommons.org/licenses/by/4.0/

AE 55

-3

Hyperchaotic Lorenz System: 3D Phase Portrait (X-Y-Z)

Figure 1. Phase trajectory of system (1) in xyz-space
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Figure 2. Phase-space trajectories of system (1) across multiple planes
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» :a(yz_Y1)+Cy4+u|
y2:y2(k_y3)_dy4+u2 (2)
Vs =0y, —kys kv, +u,

Vs =by, by, -y y; +u,
Wbty s psys € R abied K NRENBH, HASHEL u e R(i=1,2.3.4) FoREEHA. A0
BRI NN € =y, —x (1=1,2,3,4) o ST RG)HQ) T ABEI T 85 77
é = a(e2 —e,)+ce4 +u,
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' 3)
&y = (o0 —x,x, ) —key + ke, +u,
é, = be, —be, _(y1J’3 —X1X3)+u4
B RGG3), VIR 3] 58
u, =0
U, =—re, +e,x, —(y1 +y2)e3 @
Uy = —€ X, — T,
Uy =xe ey —ne,
Fobt, s ARSENR BN, u AEFFE R 0 R .
i1 HXTRG(DMRLQ), ARG T, MR AENL

4 a 0 c+d
2 2
L 0 _4
J=| 2 k2 <0 (5)
0 0 k- =
( rz) >
ctd d koo,
2 2 2
M ZRSEQ2)% R 2 RS0
WEB: & —ANE & Lyapunov il B ECH
V:%Z?zleiz'

Xt ERXPIAR T, AT E

V=e€ +ee, +tee +ee,.

KRz RGN RGN L, D153

v=e[a(e,—¢)+ce, +u |+e[ ke, +(x,x, —y,y,)—de, +u, |
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2 2 2
—ae; +aee, +cee, +(k -5 )ez —de,e, +e, (x2x3 —y2y3)+ €)X, —(y1 +, )eze3
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+Xx;e6, + Y656,

(6)
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=e'Je.
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4.1. EHRNEHIERET
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Figure 3. Schematic diagram of the control mechanism [11]
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Figure 4. Synchronization error curve
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Figure 5. Event-Driven control trajectory
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Figure 6. The triggering trajectory of controller (7)
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