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Abstract: For the linear-quadratic(LQ) optimal control system, a method is proposed to choose the suitable
weighting matrices which make the system have desired closed loop poles. T he weighting matrices can be reg-
ulated by transformation matrices which are related to the desired system poles. So the LQ system acquires
the desired dynamic quality. These designs are based on the system normal model. When perturbations oc-
cur, the stability and desired performance of the system are affected severely. So it is very important to ob-
tain the allowable stable perturbation bounds for analysis and design of the system. In this paper, a robust-
ness measure bound is introduced for the state-feedback system, and the stable bounds of the closed loop sys-
tem in the presence of perturbations are derived. T he stable bounds are obtained for allowable nonlinear time-
varying perturbation. In particular, for linear perturbations the stable bounds are also derived. A numerical
example is finally included to demonstrate the proposed procedure.

Key words: optimal control; closed loop poles; perturbation bounds

ES BRI ARG, T RERGEE TH  SRE R, R L etk 1 =

Fe Xl A R 1R S B TR AR Gean TSR A3 fo
VRN HE SRS B A AR SRR S JE 3 AT 1
W, eSS T BA A B R I A A R
G PR A EBORT S 153 21 B PR A , X 3K — i

ESERITE T JE PR B A5 B 1 S DR BR 2, A A R
LM R R R SR VE AR RIS BRI, 4t T N R S R S 0 AN 2 B K

P, L RE S AR (AT OGN TG e O g

BUHIRE, AT PR AUE R G0 AT Ay L0034 shas e 1 5

AR, AT (0528 el AT AN 175 S B U HE N LQ st

1y 2tk IR L RIS B AR Serh 49 812 S T2 Mk e B SR S
FH AR 458 b 3R ST A2 SRS FE T, 3%+ ¥= AX + BU

(D

TEFEIE 8 AR Q FH R, HX U= KX W &

(2)

HEATT T2 BN 30 7 SR8 R R minJ = fX'QX+ U'RU)dt
0
Hr:K= - R 'B'P; P 4 UI'F RICCATI JF1H
:1999-05-18; :1999-09-01 ’,
|95 F R4V BT 1 (69874030) R FRIEEE
Thttp:// www. hk xb. nétocn/ hkx b/ 2000705/ 04 14/ PAYCATP IEPBREBY P+ Q="0

(3)



&5

L T 45 2 I I A s, 82, ==, 8o, 3
+= diag(s1 s2°°* sn), , WIRAFAE I E X FRFE G A
I 77 AR H, Al

V= H+H ' (4)

W2 AG- GV= BR R’ (5)

HY Q=- (A"+ V)G (6)
R ORERR TE 58 B, U e it

K=- R 'B'G"' (7)

A LQ R GLH A A B I A
¥ (6) A (3) 12
PA+ A'P- PBR 'B'P- (A'+ V)G '= 0
A P=G N ER%S ALk
G'A+ A'G'- G'BR'B'G'-
(A'+ V)G '= [G 'AG+ A'- G 'BR 'B'-
(A'+ V)]G '= G '(AG- BR 'B'- GV)G '
H4&PE(S) 4, ERXAER 1 P= G A3
fift o
M K=- R 'B'G ', IR G R RN
®¥= (A+ BK)X
A+ BK= A- BR 'B'G'
1442 (5) W #4, A+ BK= GVG '] A+ BK 5
VAL M 3(4) 5V 5+ AL, BT LA A+ BK
5+ AHFE R, GEE
HE B 10, 2 Q 4% 6) i B, = (5)
AT A O AR, G Y R AR B 1R AR IE
JLIEE PR X PR AR R G H A A B2 P )
A, BRI SR (7)o

2 AHEPLE) R HIRE T8 5

M RGAFAE A B, 51N R ( PA-
TEL) & #ett fe 40"

L= 1 _ _Kmin(T)
2Kmax (Po)

20T 'lslPolls
XM LQ RAA (1)~ (3),
Po =P
T=2Q+ AP+ PA
o 1Y s 58 SCAHEFE Y IR 15 4.
2 WNAHERII RS

¥= AX+ BU+ #X,U) (8)
H
Po=G'
T=- [G'A+ A'G ']+ 2G 'BR 'B'G 1}
(9)

5

AR L T ipn Ko L R

R AR BAT R 2 WA S A R G e et e e it 415
Il #(x.u) |l e L= 1 _
I [x,u] le — 20T "lIslPoll's
Knin(T) (10)
2Knax (Po)

M 3 248 = (A+ BK)X+ #(X, U) & Wi Fa
SE 1. Hrh kK B2 7) i B
IXe= Y xi
=1
: IR R G B8 78 4 4% F 2 M Lya-
punov B V(x) > 0 I, WL V(x) <0, X FLH A
P x=0 I, 5 Hor. 4 V(x)=x'G 'x, H
\Of(x) = &G 'x+ x'G "f=
x (A'- G 'BR 'BHG 'x +
x'G '(A- BR 'B'G Hx+ 2# (x)G 'x=
x"(A'G '+ G'A- 2G 'BR 'B'G ")x +

2#'(x) G 'x
t=(9), W
V(x)=- x"Tx+ 2" (x)Pox  (11)
FS ]
#(X)Pox < [[#(x) e [ Pox e <
l#(x) le IPolls I xIle
2 10), 71
#(x)Pox < %I@ax(%) x|l E=
%kinin(T) K

It 1) 2k

\O/(x) = - x'Tx+ 2# (x)Pox <- x Tx+

2 X THnin(T) I x 1 =

- X'[T- Knin(T)]x

AHERE X, WL V(x) <O, IR R SRt
URH Sl ek P i
#HX(t),U(t)] = $AX(t) + $BU(t)
g A R $B N nXn M nX ¢ WEERE
2 U= KX I, #[X(t)]= ($ A+ $BK) X(t),
Ji ke (8) A& N
X¥= [(A+ $A) + (B+ $B)KIX (12)
1 WSS $ A F1 $B il A2 44F
I$Alle+ [$Blell Klls<L=

1
20T "lslPolls

W PR ARG 12) B
2 i $A M1 $B Y UG B AL

US AL Gesa, S Bija<ess " (1="1,2+5n; j="1,




416 i

¥

N
]

[ 021 %

2--,1) _ [113.8462 - 6. 153j
WA SAll e<nesa, $Ble< nress. - 61538 15.384
g Ak K.2(To) = 114.2293, 15.0015
- 1 Knin(T)
+ K <L - _ _
. . ‘r/n | K lsen= Lin L= 2T T Isiee s 2Knax(Po)
T PAER 2R G (12) e o 15. 0015
DL _Fist T AT P ERRR A et ) 2% 81009 9%

g8, IAFAEANIE LB I, R e Prfr ReUE (18 K
ANHE BRSNS o 52 B 2 45 4G e AL AR Stk fik
2 I Dt

3 SEfl

% IELNE T R G
X= AX+ BU, X(0) = Xo

o[, Moy

HCR= 1, W PR T 5= - 7, 0= - 4,
A SRAFARAR R A H

oy
H:
0
- 1
I V= H+H '= [ 07 4]

fift JRE( S) Al AR IE EX FRFE G
G [o. 125 0.022]

0.025 0.52
0 Poe G ic [ 8.0769 - 0.384‘6:|
R . 0.3846  1.923

K.2(Po) = 8.1009, 1. 8991
SRAFI S 15t

QT 1 [ 8. 0769 0.3846]
K=- R 'B'G'=
0.3846 - 1.9231
| KIls= 8.1009

i =(9) nI 43 T FEN

D152 IR 2R Ge ) A 18 S0
[$Alle+ 8.101 [$B e < 0.9259

HA

= 0.463

eat 8 10lesn < %

[1] Patel RV, Toda M, Sridhar B. Robustness of linear
quadratic state feedback designs in the presence of system
uncertainty[J]. IEEE Trans on AC, 1977,22(5): 945~
949.

[2] Abdul-Wahab A A. Robustness measure bounds for Lya-

punov-type state-feedback systems[J]. IEEE Proceedings,
1990, 137(5): 337~340.

[3] =L@, #E. S8 REMEHE LQ RBHERI 1].
H 3k 4R, 1994, 11(6): 678~685.

(4] Wgk#, @odh. 978 MHRE E 0 BRI RS HUL

WAl[I]. 5 ek, 1989, 4(4): 18~22.

[5] JuangJ C, LeeT T. On optimal pole assignment in a speci-

fied region [J]. Int J Control, 1984,40(1): 65~79.

[6] Saif M. Optimal linear regulator pole placement by weight

selection[J]. Int J Control, 1989, 50(30): 399~414.

1966 4 A=, 1993 4EF-74 2248 il K
2 LT B SR 2 A, B R DY 2 AT K
B = S Y AR R, EEH R TN

Befuyiil, REFHR, G0 . BRI
(029)3268665.
Wi



