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The phase space and the equilibrium points

analyzed.

of control system with saturated inputs
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Abstract: The phase space of control systems with saturated inputs is dealt with. Space structure of
control systems with saturated inputs is presented,

defined. Finally, the basic method to all kinds of equilibrium points is presented.

equilibrium points from the Lyapunov-type ones are
2
[1 9]

and the position relationship among intervals is
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2 B ek 5, - [0.1 0.3 1.2]x=5
ws=94-[0.1 0.3 1L2]x, |u| <5
[T 3] -5 -J0.1 0.3 1L2lx=5
x(1) = Ax(1) + Bu(1) xeai= 0,x02=[ 100 100 5017, weqi=
y = C'x(t) (D [~ 100 - 100 - 50",
us= sat( - Kx) x(t) = (A - BK)x(1)
xR .y R > Us x(t) = Ax(t) + Buin
R' ALB,C.K x(t) = Ax (1) — Buin
; [1 3]
Us
Ulim, - Kx =ulin
sat(- Kx) = { - Kx«, |Kx| < Wi (2) 3 /ﬁ@,ﬁ%?ﬁ*ﬁﬁl\mﬁ/‘]ﬂﬁ\&%@iﬁ
- ulm, — Kx =- win E]/\Jéj\%}é
[1 3]
wo= - p(x)Kx (3) ,» SIS0
L | - le < Uim (B *
H(x) Win (4) x(t) = (A - ABK)x(t) + A Buim
|Kx| , | - le = Wim {y = Cx (1) (9
[1,3] (1) LA 0 1L,LAN A ,
x(1) = (A - uBK)x(1) (5) . A= 0 A 1 - A=1
pu=0 u=1 A- uBK hy 0 ., A- BX
MIMO X¥q=— A (A - ABK)™'Buin (10)
x(t) = Ax(t) + Bu(t)
y(1) = Cx(1) 6 (A,/\:) = (0,1) - Kx — uim=0
w= [u. us2 Us,m | (AA)= (0, - 1)—== Ko+ wn=0 (11)
usi= sat(— K (1)), i= 1,2, .m (AX) = (1,0) - Kx| <
.x R’ ,y R ) Us,i 3 , Do.1,Do.-1,D10,
R' i , | usi] <wimi, A, B,
C,K , Do = {x| - Kx = uin}
Do-1= (x| - Kx <— uwim)
[T 3] MIMO (6) Dio= {xll - le < Ulin}

{x(t) = (A = BGuwK)x(t)

(7)
y(1) = Cx(1)
G 1 0, 0
[1] ;
1
-1 1 0 0
x = 0 -20.5 1 |x+ |0lus (8
0 0 -0 !
|usi <5, Us

., MIMO  (6)

{x(t) = (A - BAK)x(t) + BA uin

y= Ca() (12
A 1 0, 0
JANA (AN (i,0)
(11) A 2" :
A I 0,AN Cne?2
; (AN,

b Che 2=
(13)
3/” ;
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; (6)
: (6)
(12), (12) (6);
(11) (12), (6) (12)
1 (6) (12, A
Iyl2, I 0, Lp =m,
A h,l, I
, A Iyl 1, N
” A=1T , AN =0 A=
0 , A = diag(=x=1, ,=x=1) 2"
0 =1 A, A
A AN
2 (12,  (AN)
3" s Daa,
Danr =
| - Kixl < Uimi, 1= lL,l, I
- Kix =uwimj, j=bL+ 1, L+ r
Y- Kix =-— win:, 2= b1, b+t
p+r+ k=m
3 (6)( (1)
, Da.x Dn.x; (
)
1 "AI,ATir’l}; DATA;d(xl,xz) =0
d(e, *)
,Dro  Do.r 1 ,Dro
Do.-1 Do,: ,Do.-1 Do,:
[*,°] A Ao
1 1) A=1 A
s Dio ;
2) )
, [0,1],[0, = 1],
[1,0],[- 1,0] ) ;
[1, = 1],[- 1,1]
) m ( )
3" ,

(12), A - BAK ,
xaqnn =— (A= BAK) 'BN wim (14)
4 1) (12)  (14), xaan
Dan, X eq A A (12) ;
(A - BAK) ( )
(12) ( ) ;
2) (12) (14,
X e A A" (12) ; (A -
BAK') ( ),
(12) ( )
2 (12) (14),
- (A - BAK) 'BA uln ( )
; xegh-n = (A= BAK) 'BA win
( ) ; x= 0
s Xeaan = — (A -
BAK) 'BA win ( ) ,
Xean-a = (A= BAK) 'BA wim (

Xeq, AN
XeaAA” € Dan,
.

Xeq, A, A

Xeq A A =

s 4  Lyapunov

3 (6) (12, A -
BAK , X AN , P
=P>0 Dax

(x(t,tix0) = weqan”) ((A = BAK)'P +
P(A — BAK))(x(t,ti,x0) — xenn") (15)

x0, x (1, ti, x0)

,  x0,%x(t,ti,%0) Dan, AT: <
oo, ATi= Tiv1— Tit [Ti, Ti+1] ,
x (&, ti,x0)
iEEﬁ X eq, A AT ,
, Dan, Xe, AN €
Dan A - BAK , P' =
P> 0 xo,x(tto,x0) Dax

(x(t,ti,x0) — weann’) ((A — BAK)'P +
P(A — BAK))(x (£, ti,20) — Xean”)
,x (1, ti, x0)

s x0  Daa, x(t,
to, % 0) Dan it =10
lim x (¢, 20,x0) = = (A = BAK) 'BA K
Xeq AN € Danx " AT i< oo [
1 .xeq.,/\,/\* (6)

, O X e AN Dan ,
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3 Xeq AN

(6) .
A= A,

X eq, A K Dan*, Xeq AKX
Dan* Dax ,
MIMO (6) (12, (14)
Xeq A A
= - (A= BAK) 'BA uim,
| ek (A = BAK) 'B(Ai = Ao)uin| < wwin.i
i= bl Ll
eiK(A - BAK)_]B(AI— o) wim = wiim,j
j = b+1,  Llp+r
e:K(A = BAK) " 'B(Ai = Ao) ttin =<~ tttim.-
2= bpeeet, Slpresk
p+r+ k=m
(16)
,ei(i= 1,2, ,m) i 1
ANV IAV , A\ b+,
Jper 1, 0 m>=m s /e
Lpsrety,  Slpersn 1, 0
m>m s A+ A+ fo= Tuxn (16) ,
; (16)
1,],2 "
HERA (12) (14 ,
- Kixeqnn' = eK(A — BAK) 'BA wim (17)
A Ll L, N
vy, Sher 1, Lperrny, Shemr = 1,
0 m>m : N=NMN-N
2 D n , X AN Dan,
| — Kixes AN | < ylim.i (18)
X eq A A" (16), 2, Xaan
Dean Xe. A A" € Dan', 1 -
(16) . 2
, Xea AAE DAn |
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