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Control unified chaotic system to equilibrium points -

using sampled data feedback
WU Xiao-qun!, LU Jun-an', XIE Jin', YU Ming-hui?
(1.School of Mathematics and Statistics, Wuhan University, Hubei Wuhan 430072, China;
2. School of Water Resources and Hydropower, Wuhan University, Hubei Wuhan 430072, China)

Abstract: Control for the unified chaotic system using sampled-data feedback control was proposed. For various values of
the parameter a, the sampled output of the unified chaotic system at a given sampling rate was applied as the controlling signals.
Then the sampled data were used to construct a discrete-time feedback control algorithm so that the unified system could be con-
trolled to reach its equilibrium points. Through plenty of numerical experiments, for various values of the controlling parameter
a, the ranges of ¢ was gotten, for which the corresponding systems could be controlled to reach its equilibrium points with uni-

form asymptotic stability. Finally the robustness of this method was verified.
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1 5|& (Introduction)

TR R G0 X BE ) AR L SRR R K B[R]
AT T , TR I B R TR MR P R S IR .
A M 1987 4E V. V. Alekseev % AU, 1989 4 A.
Hiibler'?) & 32 T #5 $IIB M9 3C LA & 1990 4E E. Ott
4 NS T OGY HEPILk, B s s o
RESIRTEXRE, BRI PRI E LT EE
HREU  REBBERBREHNRKPEEIEZ
— AR SCR R SRR R RS i R B I BOR R B K
H—BMAELKS XEFHENEHNERE 12
B, +ome, AR TE - RERAESH «
BT —BHER E N SIS E], 35X 2 X H
W TR . BERITE T X—FENaEE.
2 %—iBiti &% (Unified chaotic system)

1999 F,BrXFFAKRIL T —A KT Lorenz

YRS H 12002 - 01 - 235 B EUR B $:2003 - 03 - 10.
REEME . BX B RBEELSM H (50209012) .

RGESHAEINEH R ER 5| F)—Chen
BEIF, T4 A BRI R, RIE Vanecek M Celikovsky
HE X XFAREST B TFRAFRNER.
Lorenz Z & W R apay > 0; Chen RAWE R apan
<0 B, BER . BXREARB T —1HHIE
MEAG—G—BHAEAEE, A —125%
Lorenz fll Chen REBRBK . XM FHAE —RER
~A

£ = (25a +10)(y - x),

y = (28 - 35a)x - 2z + (292 - 1)y, (1)

, a+8

Z=ay-"73 2.
Heh o € [0,1] A8 F o« € [0,1] REBNIR
WS, e« HOZHEMA 1IN, RAEN)HEH
Lorenz i 8HI B Chen 240 HRB10]9E X, 4
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O0<a <080, RE(1)B T X Lorenz R4,
B apay >0; H0.8<a< 1B, RENBF X
Chen R4, apay < 0;1 « = 0.8 K, REE(1)
W apay = 0, REERES X Lorenz R Chen
RENWEZRER . X—RENEMESR SR L 0B
REMTHORFEER, FiF £ 0 &K 560
?,E[ll~l6].
VRGA 3N TES
5¢(0,0,0),

S, (V' (8+a)(9-2a),v (8+a)(9-2a),27-6a),

S_ (v (8+a)(9-2a), ~v (8+a)(9-2«a) ,27-6a).
K, S, fS_ KT 2 HXIHR, So MEE, S, f S_
AARTRER .

3 REBERBEH (Sampled data feedback
control)
WIRMEN I REHR
X = F(X). (2)
Ko Xc R RREZRFFRMERY F:R"—R"H
B F(0) = 0. TRERRMERGERRA
X(t)=F(X(e))+BU(k), t € [kA,(k+1)A],
Uk +1) = CUCE) + DX(k), k& = 0,1,2,.
(3)
K UeR™,BER™™,CER™™,DER™",t €
R*. k B 5185 SRR 0 {55 (clock signal) , B k
= 0,1,2,--, R} 2T B — 1~ B3 B a 18) )7 5]
X(k), X(k) 22 X(¢) TE ¢ = kA BRI REAE.
A>ORRERE. BT FO) = 0,38 (x,u) =
(0,0) BRX)W— 1T S . YA BUE R
AR 0 B, X (3) X — P8 S M EHE R E AT
LR ) TR BER SRR B R IE
X(t) = AX + BUCk), t € [kA,(k +1)A],
Uk +1) = CUCk) + DX(k), k = 0,1,2,--.
(4)
HAPEH A € R, EX N A = IF(0)/3X.
CER(17]) A T REBEBREG) EFES
(z,u) = (0,0) —BHHERENWT R FME.
EE1 B F < C(R,R],AEHR,FH
- [eAA Al - I)B] (s)
D C
B o(T) WRFMHF o(T) < 1, BBLAZIZENMN
ZHEAQ)WTEESR-BONEREN.
4 RHGE—RBERSKETE S So(Control uni-
fied chaotic system to equilibrium point Sp)
A — A RERIE R R IERRE, BRER

ERG—RGH
{X = F(X) + BU(K), t € [kA,(k + 1)A],
UCk +1) = CU(k) + DX(k), k = 0,1,2,--.
. (6)

Hp UCK) = [u(k),u2(k),us(k)]", BE R, C
€ B, D€ B, € R*.

FTEERSRER R, B THRE B u (k) =
us(k) = 0,uy(k) % 0. B,C,D P ,B& by, cn,dn
# 0 250 HRSBIHE . FREG(6)TMH,
(% = (25¢ + 10)(y - x),
y = (28 - 35a)x — 2z +

(292 = 1)y + bpuy(k),
a;—8z’
{uz(k +1) = cpu(k) + dpy(k).
Ko € [0,1). 280G XD e® 1 EE TP
MA,B,C,D T

(7

Z = xy -

28-35a 29a-1

-25a¢-10 25«+10 O
0
_a

+8|

0 0 3

0 0 0 -0 0 O
B = [0 b22 O], C = [0 cn 0],
0 0 O 0 0 O

0 0 O
D = l:O dp O].
0O 0 o

XB OHHBEEN AL H PR by =1,dp=-1,
FRMURE 1B H cn. HAB1x 10,3 F o B
0,0.1,0.2,0.3,-, 1. @I BELE, TR BIEARF
HIBE « T, HRERME o(T) < 1 B cn WEEHE
msE 1w,
A1 A=1x1070cp B{EL « 9% %
Table 1 Relationship between ¢ and
when A = 1 x 1073

a cp HX(E] cp XA E
] [0.963,0.997] 0.034
0.1 [0.963, 0.994] 0.031
0.2 [0.962, 0.991] 0.029
0.3 [0.961, 0.989] 0.028
0.4 [0.960, 0.986] 0.026
0.6 [0.958, 0.981] 0.023
0.8 [0.955, 0.977] 0.022
0.9 [0.954, 0.974] 0.020
1.0 [0.9524,0.9723] 0.019
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MELIAIR, YB A = 1 x 10° 0B, % « WK,
cp WBETEEHES /D, BARREE.

YA =1x107*68F, RBLRME 2 PR,
2N, o WK, cp WEBUEEEBRAEYE K, H
HBWARREE.

A2 A=1x10"8cp 9BIEE a XA
Table 2 Relationship between ¢y and a
whenA = 1 x 107*

a cxp BIX [B] o XA
0  [0.964,0.999] 0.035
0.1 [0.963,0.999] 0.036
0.2 [0.962,0.999] 0.037
0.4 [0.960,0.998] 0.038
0.6  [0.958,0.998] 0.040
0.8 [0.956,0.997] 0.041
0.9 [0.954,0.997] 0.043
1.0 [0.953,0.997] 0.044

KERAEREENA, cp WRAEKXIES A BB
1.4
12
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A 1(a) ZEREER 2(0)
Fig. 1(a) State of controlled variant x(¢)
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c) ZERBER (o)

Fig. 1(c) State of controlled variant z(¢)
5 EHgE—RBRERSEHTEHR S, (Control
unified chaotic system to equilibrium point S, )
T HEE RGBS
S, (V' (8+a)(9-2a),v (8+a)(9-2a) ,27-6a),
Sx=x-qy=y-g.z=z-p, RARD)

BEAX. % A>5x 1070, FEE o BIEK, cp B
EHEES/PD, T A < 5 x 10740}, BEH « K,
cp MBUETL B S K, BERARBHE . R F
E o H, BUARIM A B, RBKRHFXE A B/, cp
HEEEESK, Y REXE A 3K, 2ERAF)
FEEGH cn, BIER cp BEL , ZEREHRAH
BE. XRHAREYRELBH, FHEH cx IF
EHHBEER, A ERIEZERENIEEN, X5
it bYIA.
B1AYTYa=0.4,A=1x10"3,¢cp = 0.97
MR BEREER. NEI1AEL , BE (1), y(1),
2(¢) B TR A. AR, BRERENVISE
ZAFBUA (2(0),¥(0),2(0)) = (1,1,1). EHGH
PG E&RAFBUR uy(0) = 0. ZERB P MED u,(k) &
KT o, X 5HICTMMMTS. BT ErnkERF
B R ASAE B 2 B T u,(k) Bl & 894, A
P b AT IR B B B R E 2 L B ) SR A AR TR RRAE

1.5 {\
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1(b) ZEREEZR y(»)
Fig. 1(b) State of controlled variant y(¢)
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tls

A2 EHER u,(k)
Fig. 2 Controlling variant u;(k)
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.8
i = (25a + 10)(y, - 21),
y1 = (1 -29a)(x; - y1) - g2, = m21, (8)
2 = ny1+ gt @ - 5 ; 87-1-
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HAH, ¢ =v(8+a)9-2a),p =27-6a. 5P+
TERL, BT — I RERIER R RS
£ = (25a + 10)(y; - %),
y1=(1-29a) (x1-y|) - gz, — %, 21 + bpus( k),

a+8
3 b

ur(k +1) = cpus(k) + doy(k).

Z; = 2171 + g% + QY1 -

| (9)
FRIK A,B,C,DINTF;

[ - 10 — 25a@ 10 + 25« 0
A= 1 - 29a 29a -1 -q }’
a+8
L q q -3
[0 0 O 0 0 O
B=|0 by 0:|,C=|:0 cxn 0:|,
L0 0 O 0 0 0
[0 0 O
D=|0 dy 0:|.
L0 0 O

RIFER, BB by = 1,dp = - 1.5 A4 B2 x 10-3, %t
T 230,0.1,0.2,0.3, -, 1. @I HELR, B8)E
ARIMBE « F,HRRE o(T) < 18 cpp WA
JaE IR 3 iR

A3 A =2x107W cnp W9BRIES a $9£ %
Table 3 Relationship between ¢4, and a
when A = 2 x 1073

a cp WX [H] cp K EHEEE
0 [ -1.00,0.998] 1.998
0.1  [0.364,0.992] 0.628
0.2  [0.615,0.986] 0.371
0.3  [0.709,0.980] 0.271
0.4 [0.759,0.974] 0.215
0.5 [0.792,0.967] 0.175
0.6 [0.816,0.961] 0.145
0.7 [0.835,0.953] 0.118
0.8  [0.852,0.945] 0.093
0.9  [0.868,0.935] 0.067
1.0 [0.889,0.919] 0.030

HR3IAN, M A =2x1036f,%F « K, cn
HBEEEEESR/DNBR A = 1x10°8H A = 1 x
1074 BHMFRARA . X ULEA, Tt A BUTH, FEE o
B3 K, cpn BIRTERIX [B] 380 /)S , BP 25 5 R R 0 w4 i
B S, HRKEEXE A FKE, BRABIFERMH
cn, BRI cp MELD, ZIERGE A EEH B
S, XUARE Y REE®WH, A BRIEZERS
HEREWE, X58BYS .

BERBRRYA, LR EHSH cp WX, 7
K28 %, (e),y1(e), 2, (e) BT HOE ) B D o, o B
x(e),y(e),z(¢) WHEB BT M S

S, (V' (8+a)(9-2a),v/ (8+a)(9-2a),27-6a).
XE, BUERENWBRZENERN (£00),y(0),
z2(0)) = (1,1,1). BHIBFWIHE KHRHA u,(0) =
0. IR P MED u, (k) BEBT 0, X SEISHE
B HTARE, XEMNAH « = 0.4,c = 0.97,4
= 1 x 10 HZEREMNHEE, WA 3 iR, GET .
ﬂ,ﬁtwﬁﬁgﬁﬁﬁﬂmﬁﬁﬂ:(.’ﬂ,y1,zl) = (0,,
0,0) Bl V&S S, .

z(f)
o 5
N

*() 71303 o

B3 ZERGHAAE
Fig. 3 Controlled system

Xof T -1 45
S_ (- (8+a)(9-2a),-v (8+a)(9-24) ,27-6a),
F R, XEANEFR.
6 FRHIHE R %z H A5 REE 71 (Robustess
of sampled data feedback control)
RERFETEHEHFAINTRRE, IRE R
WRIREH T RO S, AZERERN—14
HERE X E ERE(TDHER IR uy(k +1) =
cpusy(k) + dpy(k) BSRBMAEEYLE r(k), ZZREHL
BIRMIESS, B SEHR 0. B 4(a) f14(b) 45
REWEFEN0.09 1 0.25 R ZETE x(1) B
B . HF,a =0.4,cp = 0.97,4 = 1x 107, ¥l
(x(0),5(0),2(0)) = (10, - 10,10).
10

x(t)

(= S - - -)

405 1 15 2 25 3
tls

(a) MEFEFZERN 0.09
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(b) &%%%ﬁo%
B4 SRENZETE (1)
Fig. 4 Controlled variant x(¢) with noise

SRERERAE 1 3T HE, T AAZERE
B8R EIET (0,0,0), BAEB/NYHS, YBREH
FEARE, BB EREX, MHEB/N, JLF
EAR M. B RERERRERO T ERES —E
M.
7 %2 (Conclusion)

A FT IR RS AR R B B iR
T MBS BCRPFE PR BT Ik, X RS H 88
BEAEE R SHTE B R R B D& . BUER
BRABSBRERRN FEHA —BERL DT
BRTARERAAR. REBEESN T EREAE —EM
R e . E RN RS RE BT, Y
SRESTIE , REA R KM EHASE, Ak erE
REBREFRA ZHNA. TR —RBERS
BT RAIRITT GG, AR LB MR — S,
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