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Abstract: In this paper, a novel five-dimensional Hamiltonian conservative chaotic system was
constructed based on the generalized Hamiltonian system theory. Its conservative property was
verified by means of Hamiltonian energy conservation and the invariance of phase space volume.
Dynamic analysis demonstrates that the system has typical conservative chaotic characteristics,
including a symmetric Lyapunov exponent spectrum and ergodic phase trajectories and exhibits
extreme multistability. To achieve the controllable generation of multi-directional grid scrolls, a
piecewise function with independently adjustable parameters was proposed. By tuning the
parameters, the distribution of system equilibrium points can be flexibly extended. On this basis,
adjustable grid multi-scroll conservative chaotic systems with unidirectional, bidirectional, and
three-directional distributions were constructed respectively, realizing the generation of grid
scrolls. In addition, the initial offset boosting behavior driven by initial values was observed in
the system. Finally, the hardware implementation of the system was completed on a field-
programmable gate array (FPGA ) platform, which verified its engineering feasibility.
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M Y Lyapunov $8 £ i B, H fih = 80 [H & 4
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TEZO N A e R I 6 11, il DA A
TRV X 2 26 RER o3 1 2 8 ] a] OS2
P A 1 34 B A X R L i R B R e S50
AT RGeS A e B BRI H Lyapunov
FRBCZ AR 0, 3% LEI405 £ CCS [ MLAVRFE .
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Hamilton fig i 43 5l &7 0.025, 0.1, 0.34 F1 0.58. F
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Fig. 4 Phase diagrams of extreme multistability under different initial values and Hamiltonian energies
(a)—(0.1,0.1,0.1,0.1,0.1); (b)—(0.4,0.1,0.1,0.1,0.1); (c)—(0.8,0.1,0.1,0.1,0.1); (d)—(1.0,0.1,0.1,0.1,0.1).
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I T HREN ARG (8) B - A, X HLA R G2 (8) 45
SIEMEI N0, AT AR R (13).

0=ax,,

0=—ax,+dx,+bx;x,,
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m oo (13) A7 g0, A 5K Sz s A
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A x,=—d/b. 2t TR R GE(8) 1Y V-4 5 4 (0,0,
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PEALAL I, H Tacobi 255 K

0 a 0 0 0

—a 0 d+bx, bx, 0
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A —a 0 0 0
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0  bx, bx, A 0
—-cx; 0 —cx, 0 A

oA RORFFIEAE KB — 2K My AR
(0,0,0,—d/b,0) . A (15) A HH

P (+a*)=0. (16)

KA Ty & (16) AT A5 RRAEAE O — HRRAE (B

Ay =0 F— % S B 52 e AE A A, =+ia, PG H

AR TSI TS LN S L e S O
(0,0,—1,—d/b,0) & A (15) 7T 15
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KA TR (17) A RRAE A = FRFAF(E A, ,,=0
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RGP RN S 2T T B
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2.1 SEERHNEE

AT A 1A T LSS AR R P AR
P ARV 32 ] A2 14 73 B pR K
kx, m=0,
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g(x)= (18)

A(—l)”’sin(n:tx),—LstL, m=1,2,3, -+
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L

ST RIE eR B I BUME L R B S o
B A m=0FMm=1,2,3,---. Hrh B R 2K
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R B 2R 200 A 31 vh B R B R, X RD 2 58 L
FHF 100 2 5 (IR, O T pRER Y 7% 221, 43 Bt bR
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Fig.5 Distribution of zero points under different m
(a)—m=1; (b)—m=2; (¢)—m=3; (d)—m=4.
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Fig. 6 Effect of different parameters on function
(a)—m=4=1,1=1,2,3; (b)—m=L=1,4=1,2,3.
2.2 BmsamrIMSCCS FE7R AR SCGERIRTE T 24 HAL S BT, T 45 5L

LR AT 5 1A 53 B sR IO 22 1) T Y
MSCCS # 17T & BL, WE#f f,=a, fi=d, f,=bx,, f,=
cg(x\), fi=fi=fi=fi=fi=f0=0, I H Hamilton fig
B BEBCE ) VH =[g(x, ), x5, x5, %, x5 1", 45
FA AR I, =X (19) FroR , H A5 2158 19 5 i) o] 48
I MSCCS, b 248(20).

0 a 0 0 0
-a 0 d bx, 0
J=| 0 - 0 0 cglx)) |, (19)
0 —bx, 0 0 0
0 0 —cg(x,) O 0
X, =ax,,
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