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Abstract: For a state-feedback single-input linear systen subject to actuator saturation and a dynamic output-
feedback single-output linear system w ith output saturation, a sufficient condition is presented, w hich guarantees
global-asymptotic stabilization (GA S) or regional-asymptotic stabilization (RA S). A n invariant attractive ellipid
for the case of RA'S is calculated A n iterative Ricatti equation algorithm is given to find such a controller that
supports an ellipsoid as large as possible for systensw ith actuator saturation The smulation example show s the
effectivenessof the gpproach

Key words actuator saturation; output saturation; domain of attraction; invarant set

( )
. 1990 )
[1 4]
[5.6]
1 H 2
(21 ’ 21
: 2004-03-26; : 2004-07-05
(60174040).
(1972—),

; ; ; ; ; (1945—),

’ ’ ’ ’



20

60
x = Ax + bu, Stepl: k, A+ bk" Humwitz
(1)
u= sata(k'x). , (2)
x R", u R P;
sata (k'x) = sign (k'x)min{A, |k'x [}7®, Step2: E= (bk')'P+ P(bk') Ain(E),
k RZYA>0 A b . Main(E) 2 - 1, (1) GAS, :
1 (A, b) , k RAS, Step3;
A + bk  Humwitz Step3: (5) r, Q(FP,r) (1)
1 P ,
L yapunov _ n/2
VvV = 2
A+ bK)P+PA+D)+1=0 (2 (det(P))
P r, 23
QP,r) ={x R" x'Px< r}. 1 : >0 o [0
19 x (0) = xo 1], X, Ricatti
(1) ( ) Wt xo).  Iim W(t, xo) = A'X + XA - XbB'BX + ol = Q (6)
0 X \ k'=- B'bX, A
1 O ’
(1) + bk’ Humw itz o, 1/B;,
(GAS) , l O le O+ 1= 0(i+ € 1/Bj+1
’ RAS) ' = 1/B+ € € Ricatti
(2) P (1) L yapunov (6)1 X, I ki = -
V (x) = x'Px. r>0 Vx Q(P,r), B X 1 Pii, 1, Vi,
i Vi P K o
vV (x)<Q ,Q(P, 1) (1) (1) QP 1),
: 24
22 N (1),
u.R| —»|(0.1], R [0 j ) [j o
1, [k'x | < A = b= A=
p=p(x) = , , (3) 1
A |K'x |, [k'x|> A (1)
sata(k'x) = wpk'x, (1) \A) = [ Q 4142}
x= (A + ut?k)x. (4) = 2 142"
V (x) (4) OV (x)= x'{- 1+ (u kK= [- 3 - 4],
- DE}x, E= (bk')'P+ P(bk'). p = A + bR = [ 1+ j
inf{u (0,1] V(x)< O,x% 0}, u [ R
E 1 RAS,
)\nin(E), Q(P, r).
Dp =0 Am(E)2=- 1L _ [1 250 0 ozsoj
2w =1+ 1/An(E), An(E)< 1 Q2500 Q3750 °
u(®) Q(P, 1) r= Q 0386,V = Q 190 4
u = AL r(k'PK). u (2
, r= A2/(K'PK)u’ 2 , 0= Q181/B= Q 4910,
1 (1) 1, E
Min(E). 1) An(E) =- 1, k"= [- 10032 - 23859],
. _ - Q008 6§
GAS2) Am(E)< 1, RAS, AA + B) = [ J |
QpP, ) - Q377
A o [ 60 8829 154 417j
T WP %K) (L+ 1/An(E))? 4 ~ L154 4177 401 491 4
1( 1 (1) ) r= 52 4319



61

Q(P,r) Vmax = 6 729 4
1
4
2P
— stable dorain of a given wnlrolla::""“::j"\.\_
- subte doman of the designed cmitrnller R
+ the trajectoryiof the arbirary inihfnl state
-4 *
-6 -2 2 [
X
1
3
31
x=Ax+ Bu,x R"“u R"™
_ ' (7)
y = sata(c'x),y R
A,B,c . (7)
x= Ax+ Bu+ I(y- c'x),
{ " (8
u=- Kx
| K n _mxn
X= X- X, (7 (9
X A - BK B K X
| = , e @
" - (v- DI A - IcdLx
v.R" & (0, 1],
1, |Ic'x | £ A
v= v(x): = | | (10)
A/|c’x | |c’x | > A
sata(c'x) = ve'x. (7 ,
(9 :
X A - BK B K X
.| = . (11)
< 0 A- L
32
2 (7) (A ,B) , (A, C)
2 K I, A-BK A- I
Humw itz L ygounov
AP+ PA+ 1=0 (12
P RZnX 2n
[A - BK BK }
A = .
0 A - Ic
P r, QP, 1)

R™* p (9) Lyapunov

V[g Q(P, r) 0} \}(x,x“)< 0, Q(P,
r (9) V (x, x) (9

Vo= e v ey,
X X

E= P+ P .
- - c

2 () 2, E
Min(E). 1) &in(E) = - 1,
GAS 2  Awm(E) <- 1, RA S,
Q(P, 1) (5) :
kE P cE P .
2( 2 (7) )
Step1: K I,
A- BK A- I Humwitz
: (12) P;
Step2:
[ el
E = P+ P :
- c - I
Min(E) = - 1, GAS, ;
RAS, Step3;
Step3: (5) r KE P
cE P, Q(P,r)
4
GA'S, RA S
(References)

[1]Bernstein D S, Michel A N. A chronological
bibliography on saturating actuators[J] Int J o
Robust and N onlinear Control, 1995, 5(5): 375-38Q

[2] Stoorvogel A, SaberiA, Guest Eds Control problans
with constraints[J] IntJ o Robust and N onlinear
Control, 1999, 9(10): 583-584

[3] A li Saberi, LinZ, Teel A R Control of linear systems
w ith saturating actuators[J]. |IEEE TransonA utanatic
Control, 1996, 41(3): 368-378

( 68 )



68 20
ri=r+ di- (1+ T9)w. , ,
. _l_ . . T /\(S)
v =15 TS[r+ di- (1+ TYw]+ vz =
1
+
1+ TS(r di). M atlab ) 2
MRAS ; 1 2
yn(s) 1 _ (References)
r(s) 1+ Ts)(1+ T9) [1] Rohrs C A daptive control in presence of unmodeled
’ 1 dynamics[D ] Department of Electric Engineering and
’ Computer Science, M IT, 1982
[1] : [2] Kreisselneier G, Anderson B D O. Robust model
P (s) Po(s) reference adsptive ocontrol [J] IEEE Trans on
P (9 2 Po(s) 229 A utanatic Control, 1986, 31(2): 127-133
s) = , s) = , .
s+ 1" ° §+ 30s+ 229 [3] NarendraK S,AnnasvanyA M. A nev adaptiv lav for
r(t) = 1(1). robust adaptation without persistent excitation [J ]

d:(t) = 2sin(16, 1t),d2(t) = sim (16, 1t).
(1] ,

MRA S

IEEE Trans on A utanatic Control, 1985, 41 (1): 193-
216
[4] Xie X J, Wu Y Q. Robust model reference adaptive
oontrol with hybrid adaptive lav [J]. IntJ o Systans
Science, 2002, 33(14): 1109-1119
[5] . [J]
, 1987, 13(6): 408-415
(Wang B L. Model reference adaptive control for
hydroelectric generating set[J] A cta A utanatica Sin-
ica, 1987, 13(6): 408-415 )
[6] . [J]
, 1986, 11(4): 9-13
(Wang B L. Poleplacanent model reference adaptive
oontrol system [J]. Control and D ecision, 1986, 11(4): 9-
13)
[7] .
[J] , 1990, 16(4): 317-324
WangB L. A typeof adaptive control system w ithout
persistent excitation and strictly positive real conditions
[J] A cta A utanatica Sinica, 1990, 16(4): 317-324 )

M atlab , 2 .
2(d) d2 Yp
’ yP d2 y
Yo,ym € :
, MRAS
4
MRAS,
MRAS . 0 1)
; 2)
) MRAS
( 61 )
[4]Ali Saberi, Jian Han Constrained stabilization

problems for linear plants[J] A utanatica, 2002, 38
(4): 639-654

[5] Gerhard Kreisseimeier. Stabilization of linear systems
in the presence of output measurement saturation[J].
Systans and Control L etters, 1996, 29(1): 27-3Q

[6] Zongli Lin, Tingshu Hu Sami-global stabilization of
linear systems subject to output saturation[J]. Systens
and Control L etters, 2001, 43(3): 211-217

[7] Tingshu Hu, Zongli Lin Exact characterization of
invariance ellipoids for single input linear systems
subject to actuator saturation [J] IEEE Trans on
A utanatic Control, 2002, 47(1): 164-169

[8] Tingshu Hu, ZongliL in On the tightness of a recent
set invariance condition under actuator saturation[J].
Systems and Control L etters, 2003, 49(5): 389-399

[9] Blanchini E  Set invariance in control[J]. A utamatica,
1999, 35(11): 1747-1767



