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Semiglobally Practical Stabilization of a Class of

Multivariable Nonlinear Systems with Uncertainty

CAI Xiu-Shan'2 HAN Zheng-Zhi* KOU Chun-Hai?

Y{Department of Automation, Shanghai Jiaotong University, Shanghar  200030)
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Abstract The semiglobally practical stabilization of a class of multivariable nonlinear
systems with zero dynamics is considered. By constructing a composite Lyapunov function, a.
controller is designed for the nonlinear dynamics, and it can semiglobally practically stabilize

the equilibrium of the fully closed-loop system. A simulation example shows its effectiveness.
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HEHE 22, ETUﬁﬁﬁEﬂ%ﬁﬁﬁﬁmﬁ-ﬁﬂkﬁ ﬁ%gi.ﬁﬁmﬁﬁ%M%m
HEXIE. ¥2RELHHEETTUEHARRSEE B KRG, XEFREZIRERD
N, XXMEFRREHERBEEFEEE L.

BXHR —REEAHEHESE, S FFITHWESTEEXRERA 2 REHE
EME. EWE— NG Lyapunov ¥, X AEHEZEZIBIHE>EH T —H 488,
A2 R HEEBN AR RAH T4 5.

2 RGHY T IB & IR
ZEEAAARESEN A E HERERS

z=Q(z,z,d) (1a)
= Ax + B[F(z,z,d) + G(z,z, d)u] (1b)
y=Cx (1c)
0 0
_ 0 0 . 0 .
A=diag(A,,---,A), A. =] . . | , B=diag(B,,---,B.),
0 O T 0 Ty XT4
b=(0 - 0 1),,,, C=dagC,,---,C), c.=(1 0 --- 0),,, ,
r=(x 22 .- ), =(z¢ & - 3?f~i)Ta i=1,2,---1,

F(z,z,d) = (f,(z,2,d)) f,(z,2,d) -~ fi(z,2,d))", G(z,,d) = (g, (2, z,d)),

EXFxzeR, ze R #HARS: v, e REEHIMA; v. e R EVMEHY; DC R X}
RE, de D FRANMBENE; f.(z,2,d), g,(z,2,d) N R" xD - R EH C' BE;
HEE G(z,2,d) = (9, (z,2,d)),,,. ZITHE.

PR 2 =Q(2,0,d) T NHIBIZ ARE (1) IENS.

ik 1. X RS 2 = Q(2,0d) FHE—TMHEHEESANFE A R, RIERELEH
d<LhA>L HFE—-NTC KU AR, B {z:U()<h+1} H A hWE
%, BT 2 = Q(2,0,d) e 2525 < —6,(2), Heh ¢, (=) 7 4 L%, EHE
{z:9<U(z)<h+1} LIERE.

RE F,(2,2), G, (z,z) 2 C" JtiF, 23K F(z,x,d) fl G(z,z,d) WIRHFER, H
F,(0,0) =0, X Vz, z € R",G, (z,z) 21THEH. BT (4, B) @20E, AlELERE
— PR K, #1834 A+ BK & Huwitz 5/E, XIE#H%$ k,, © P =P" > 0 4 Lyapunov
772

b

P(A+BK)+(A+BK) P=—k,I (2)

Wi, HS V(x) =™ P, (R B8 T CR ,3c> 1B IIc . ={zecR :V(z)<c+1}
H4 S, ={2:U(z)<h+1}x{z:V(z) < c+1}.
Bix 2. X Vz,z,de S, x D FIEER k, >05 1, >0, {E8 FAIBR AL

G(z,z,d)G,(0,z) + (G(z,z,d)G,(0,x)) >2k,I>0 (3a)
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H

| F(z,z,d) - G(z,z2,d)G,(0,2)F,(0,z) — Kz |[< I, | = | (3b)

5|3 E N R" xR" (' R&, E. M E, 58 EMHRY, x(z) ¥ E. LoESERHHE
£5 {(z,2) 'z =0}NE LIEE. Y(x) A E. LESLEYK —T"%AE \{0} LIERE. £(2,z,d)
A ExD LESERI, HiKkE V(z.z,d) € {(z,z):x=0}NE)x D, {(z,z,d) =0, &
H DA R FHEE. Nk BE, WLEE-TIEER K, X VK > K,

—x(z) - k(K)Wlx)+&(z,2,d) <0, V(z,z,d) € E x D (4)
3 FELFE
HTHEFEEE, EELS S, ={x:Vz)<c+1} x{z:U(z) <h+1}, EXEHK
B hU(z) | cV{x)
W(z’w)_h+1~U(z) e+ 1-V(x) 5)

W( ) Sy — R::-u E S J: EL_:&*
£ BRE R (1) wmaki 1M 2, 5 RS BUm 72
[}

U = -_Gﬂ (07 m)FD (01 113) o }C_GD (01 CB)(.:.J (6)

HP w=2B Pz, HEE >0, WHEEIELE K., #1854 k, > K, +025W(z,z) fTER
(1) F1 (6) AR AF RENERH FH Wiz, 2) < —¢,(2,2), 0,(z,x) 7 S LiELE, #HE
& S={(z,2): 0+ <W(z,z)<c2+h* +1} LIEE. IR (1) 1 (6) il s 3R R 4,
BiES (z,2,d) c SxDH s L RBFELERAE, - WHARABEAES {2:U(z) < 9}
F, H9=0, z WA FERLRAEE.
WEBR. BE Wiz, @) < 2 +h° +1, iR 4

/ lﬁ'wl

2 +h°+1 ez +h° +1

S 1 h+1
Vie) < let )c2+h2+1+c Ulz) < (A +1) ¢ +h*+1+h

ESpiad

c_ . c(c+ 1) <(cz+h2+1+6)2 h(h + 1) <('S:“’*—|—hﬂ—|~1+h)2
c+1 " (c+1-V)? ~ c(c+ 1) " (h+1-U)* ~ h(h + 1)

FB T/ P 6 >0, HEX—THEE S={(z,2) : 9+ < W(z,x) <> +h +1}. A
(7) RfRiZ 15 S HEE, HSHHRE S, c{x:V(x)<c+1}, S, c{z:U(z) <h+1}.
Wz, z) MERAF RS (1) M (6) w31

, B c¢(c + 1) ov(x) . h(h + 1) <‘:?U(z)i
Wiz,@) = (c+1-V(x))* Oz v (h+1-U(z))* Oz &)

Kk V() =™ Pz, = (2) # (6) W&

oVix )
ox

(8)

—k, |z |* + |wll F(z,z,d) - Kz — (G(z,2,d)G, (0,z))F, (0,x) || -
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7 (W™ (G(z,z,d)G,(0,z)) w+ wT(G(z,z,d)G, (0, z))w) (10)
SEOR
o<kl fwllzl & wl<-(-02) [z (1
&k, =k, —0.25, HRT 1 &KX (8), (11) W= (9), K
W<k e S P (G 5, a) - (s, 0, ) -
T +h§h-+Ul()z))2 P (%) (12
X
X®) = g a4 B v@) = 5 e P K =, (13)
((2,2,) = SN (00 (2,0, a) - (2,0, 4) (14)

HRIR 1A, x(z) 8 S. LREZRI. v(x) ¥ S. LELZRYAEES S.\{0} LiE
SE. X V(z,2,d) € ({(z,2) : x=0}NS)xD,&(z,z,d) =0, FBF] {xr=0,9+6 < W(z,2)} =

hU(z) HE—, WHO0<I<], 9+6< h+h1%:>ﬁ<U(z),vc§>0. 53

WHERR 1M x(z) BEE {(z,2):z=0}NnSHWRELIEEE. FIHNFZGLTHEE, Frik
WHTE Ko >0, X Vk, 2 K., Bl k, > K. +0.25, F

E(z,x,d) < x(2) + k,v(x), V(z,xz,d) € S x D (15)
A2 (12),(13),(14) 0 (15) A 15

g — TP

¢, (2) (16)

‘%\ ¢'(Z,$) — 2(5{% 1) ” L ‘2 | 2(h _};({Z_—l—[})(z))z ¢1 (Z), I)_'\U W(Z,ﬂ:) g —-qb(z,a:).qb(z,:c) E 32

LZESE, FHE (14) A (15) /TH o(z, ) EREE S LIEE.
20(h + 1

6 =0, % W(z,2) <2088, WUz < DO <49 @m vie) <.

F LR (1) 1 (6) ARG, HIET (2,2,d) € SxD W z WP, BRAHFEAR
TR {2:U(z) <49} ¥49=0,EZ > 0,(z,2) WHARHFEANES {(z,z): W(z,z) < 6},
M z WMEAHANES {z:U(z) <26}, H o E—%, - WL EF2RELHBE.

2 c>max{49—-1,1}, M {z : V(z) < 49} C 2., B k, > K. +0.25. AR (11) A[BR (1)
M (6) H I REGEF « LRS- RTEE. ATTRS (1) /9P ST EH /R (6)

2R R E. ) HFEE.
tH#e 1. FR2A 1) AERE 2z, PAEHE u= -G, (x)F,(z) - —leGﬂ (x)B” Px ¥4

R E RS (1).
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4 5 5=
ERELTHAFETERS

r, =x,, T, =az,sinz, +bu,, z, =x,, ¢, =2(1 +c)xr’z, + u, (17)
z, =-bz, +x,, 2, =—~2,2, +ax, (18)
FRAFabc BRENSE BT D={d=(abc):la—1<0.5, b-1] <025, lc| <04}, ' =

(®,,2,), o =(z;,,2,), z=(x,2*) € {(x",2*) ;| * ||[< 1, || ®* [[< 085}, 2=(z2,,2,) €

(z2) 4 = < 05} i F Feoa) = (00705 ) e = () &5

Fa)=("ho) Gea)= (| ) B4 Gl dG (2,9)+ Gz 2 )G, (2.2)" -

26 0 1 O -1 -1 0 0
1 - .
> 2 NG bk, = 5. k = || F d) —
(0 2) . 2(0 1)’ A I, 2 H ( 0 0 -1 -1 )’ W F(z,2,d)

G(z,z,d)G,(0,2)F, (0,x2) — Kz ||< V2| = ||. 1T E % & Lyapunov & P(z + BK) + (A +
BK)TP:_kzI%ﬁ: ﬂ’fﬁ“

15k, 05k, 0 0
0.9k, Kk, 0 0 T k,x, +2k,x
P = w =28 Px =
0 0 15k, 0.5k, k@, + 2k, @
0 0 05k K
R 2 = -bz, 2, =—2,2,, LU(z) =055 1 z: +0.5z7, A4 8%(.3)2 < —bzi, (b >

0). . % 1 %F 0 =0 Bor. MR AR, Rk, — L BAREEY

w, = —sinx, —4(x, +2x,), u, = —2z° —4(z, + 2x,) (19)

K 1~3 3R BREME R o = (0,4 03)", =2 = (03 04), z = (0.2 03), HE
= 1.4, b= 08, c = —0.4 Bt (18) 1 (19) FrH L I R A WPRTSBLER x(t), 2(t) L=l

F u(t).
U'S' o ey ' 0,35[ e . . 3 _ | | 1 ' | T _
0.3 () 25, H\z -0.5{1‘: |
- OB 1.5
% 0.1} }\ \ I
} 0.05' 1 5 5
| \ . B 2
0.1 005|[ x ‘ 3
o3 ' 015 e 45
0 10 20 30 40 0 10 20 30 40 ¢ 10 20 30 40
t/s t/s 1/
1 AFERERREHE c@¢) B2 ARRFEPRSNK 2(0) & 3 R u(t)
Fig. 1 The state x(t) of the Fig. 2 The state z(t) of the Fig. 3 The control

closed system closed system u(t)
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