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Chaos control based on the two-level algorithm
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Abstract: A two-level algorithm is proposed to solve the minimum-energy control for a continuous chaotic system. A

quadratic performance function is first given, and the chaotic system is decomposed into the linear part and the nonlinear

part. The upper-level algorithm predicts the nonlinear part and expresses the whole system as a linear system with con-

stant coefficients. The lower-level algorithm solves a typical quadratic-optimal-control problem by using the principle of

optimality. The solution thus obtained is fed back to the upper-level algorithm for re-estimating the nonlinear part. By

continuously exchanging information between the two levels of the algorithm in this way, the optimal control law for the

chaotic system is eventually determined. This method not only realizes the control of the chaotic system, but also mini-

mizes the energy-cost in the whole process. The convergence of the two-level algorithm and the asymptotic stability of the

closed-loop system are proved. For a general chaotic system, the simulation results show the effectiveness of the proposed

method.
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4 FHEBEE S R4k 4 (Convergence of

algorithm and stability of system)

K RARZER S
{a‘s(t) — Ax(t) + d(x), € [0,00),
®)
z(0) = xo,

Hrhz € RPZERFENPRA I, A € R H—AH
HOHEEE, d(z) A ARG 1) 5 b 5 HLw A2 55 F
| d(z) ||€ a, Yo € U C R™,
{H d(z) —d(y) < B |lz —yll, Yo,y € U CR",
©)
HrhafMBRIETEL || - || 2R
58 SC 1) i BRBUTF Sy, () A
zo(t) = o(t)z(0),
{xm = 6(t)2(0) + [ 6(t — P)d(a 1 (7))
(10
Horhp () In L AFPIRASHER AR, k= 1,2, -
EE 1 BRI & & EUF I ()
BT RS 8) I



%59 3

Y R T Y e M RN A (e vl 1261

H o2 AT 1, @) I R T Sl (¢)F
g ()72 — BOKSI, 105 50(5) A oy (8) Fllgy, (£)HH 5%
(), BT Dhauy, () 2 — SO A g () ™ (£) 43 32
F¥ 51 g (1) Rl () BB PR, T LA Bl ey, () OB PR (£
P R ) SR AR Bk, o kA9 380 1) 1) e
UKL

u*(t) = —R'BTPx(t) - R'Bg(t). (1)

2 A DHROERBZ R R
W AR .
5 i B35 (Simulation experiment)
20024 5 4 pe S At i TR R TR
KRR S
£1(t) = (25a +10)(22(t) — z1(¢)),
To(t) = (28 — 3ba)x1(t) — xq (t)z3(t)+
(29a — 1)z (1),
3(t) = z1(t)za(t) — (

3 )xS(t)v

(12)

Horpz, (1), w2(t), 23(t) R RGURE AL AL

KA SCRAG I #2 IHEUEAT 42500, O T IR, 7
t = 50 st inAa i, th 0 245 RO ~3)F BI1E
AN T 2R G A TR VLI, AR T A Tl o 45 1 J VR
FRGURRFE 0] P45 1

[F) I M e T A K, AR ST H R 2 TR v 7
IA(TLOCA) b SCHR[10] 7 ) 7 VE(LF) n] 3K 45 53 4F 1)
PERESRPR(L El4~6).
5.1 AR Z ) B [8] W W (The time response of the

state)
D) Hla = 0, 245(8) 2 LorenziE il & 4515,
20 T T T T T T T T T
—_ 10 T
SR
T oop :
_20 L 1 L 1 L 1 L L 1
0 10 20 30 40 50 60 70 80 90 100
40 T T T T T T T T T
S 20 T
= 0
S a0f 1
_40 1 1 1 L 1 L 1 1 L
0 10 20 30 40 50 60 70 80 90 100
60 T T T | T T T T T
40 .
on .
2 2ot
-20

0 1IO 210 3I0 46 5I0 6IO 7IO 8IO 910 100
t/'s

Kl 1 LorenzRGUIREL Ea, zo, z3 Bl [HI 41k

Fig. 1 The time response of the state x1, x2, x3for the

controlled Lorenz system
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Fig. 2 The time response of the state x1, xg, x3 for the
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Fig. 3 The time response of the state x1, x2, x3 for the

controlled Chen system
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Fig. 4 Variations of performance index J for Lorenz system
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Fig. 6 Variations of performance index J for Chen system
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