ELBESH it 3% 5 0 A Vol. 14,No. 5
1997 4 10 A CONTROL THEORY AND APPLICATIONS Oct. ,1997

EfsEHRRESRERENREITERNRR’
EFH Wes

(FRBTAEANBEHFR - BH,210094)

BB, ACORI T B e RS R R R R G RO O BB e PO AN MR - SR A
S KT — {5 I A B AT 52 LG R L5 4 R I HL T 4R SR AR AR 44 R A0 3 A R e 4 B
150 551, PR AQ 8 Riccati J7 B8 07 %, 4 MY 7 9% 0BT A . 5 — 0 4 DU I 9 46 T 3 A% 0 % £ MR SR
BT S R 7S SR O A A S SR I B R KRR SRR BUE TR T A
SCEH T R A M S

R FEEE; H W kTR

1 5l B
RERHOTREMEEEDT A E, BEHIIA RARNNERERIT . Kb,
2 0 e B B R R 5 AR T A AR T T A T 5 98 T L S R R T RO A S R L — R T
BrU2), g 7 J 4, Lo A A B B4 R 200 o AL L 9 45 X G 8 2 5% 25 ) 48 e LT H TR,
A S A e T 5 IR BN R 5 v 2 TR R FL T R AR AR A A B R A R
J51 . 2% SCES = BOH T IR A PR R AR S B A 50 B I IR A IR A o R A L AR S DA D S
BB MR R R R R R
2 H.ZHERSREERRZRT

BRI TREER RE
2(t) = Az(®) + Brw(®) + Bu@), (2.1
2(t) = Cix(t) + Dyu(t), (2.2
u(t) = Kz (). (2.3)

Toeh A 2() € R EH w() € B, T w) € R BRERA R, 28 =) € R HHH
W4 et I, (A, By WI#5.(A,C) AT, A %2, DI[C, D) =[0 E],E>o.
W F R L R T AR, B AT F ol B T R B SRS 2 M Bk

F = diag(f\s 255 f0). 2.0

e fi =18 ORI HS | MEBBIER KRB = 1,20 MHIFRGRN
2(@) = (A + B,KF)x() + Bw®), (2.5)
z(t) = (C, + D\ KF)x(@). (2. 6)

HOF, BRE i AxacE fi= 0 MEAXNMAITEN 1 KX MAFE, WA T %88 Ho, 54
sl B R R N FRR AR K G D MEE G = 1,20, AFEERE A+ B,KF &
U ERE. 2) MAEZ G =1,2,,n), &5 2.5 Q. 6)GH F i F A W E H. T
WAAF A, B | CoGsl — A By |l < V., X B A, = A + B,KF,,C, = C, + D\KF,,
| H () || o & max {0, (H (o)) @ € R} ,0,,,(+) RRBKA5E.

IR AL (2. 1D~ (2. 3) RIGHEBH Vo, & LW TF AR B Riceati 72 (A7 ich ARE, Hqg >0

s ERARR SIS B EL R SR S K R TR R R R S W BRI
ACF 199348 8 A 4 He®. 1995 £ 5 A 13 HEFE M.




5 3 R SR T R TS BB R R B LS B 5T 755

HSH0:
AP | PA + Y-2PB,B'P — PB,E'BIP + CTC, + ¢I = 0. (2.7
THEKSI RS H T AREQ. DFAX TR P = 0 &1+
318 2.1 & X Hamiltonian %M
— A —7zB,B" + B,E'B}
A |:C1TC1 + qI AT }
EAEAE ¢ > 0 (M H Tai MM, W AREQ. 7) XT#q¢>0 HAEME— X PRI P = 0.
w21 ATHESEY. >0, 5F RS>0, M8 . AREQ. 7)) BEEEM P >0 Hik

*

2
max [PB,E7'B]P]; <q. (2.8)

i=1,2"" 1

o] AR AT A TR, M H R (2. 5) (2. 6) JHE— fE BRI RBA A R
P, ELWE R A 5 He, 903 W48 5 29 3R R AR R BHE O -

u(@®) = Kz@), K=— E'BjP. 2.9
ik 1£:%:Ex% i(i = 1929"'9")5%5‘6&%?[1?]:%5%:
ATP + PA, + Y2:PB,BTP + C{C, < 0. (2.10)

EEIH A= A4, — B,KF;,CiC, = (C, + D, KF)™(C, + DKF) = crc, +
FKTEKF, (B8, %W % K =— ET'BJP R A AREQ2.7), B4 M = PB,E"'B; P, 4%
TG,

AYP + PA, + 72:PB,BiP + C,Cl=M—FM— MF, + F.MF; — ql.
WP B S, 5 W i M — F.M — MF, + F.MF, B35 i AT AR M, TTHATE
% 0 B % £ 4 L U B 2% (2. 8) T4, (2. 10) ML RE ¢ BRaL.
(2. 100K, FIBRSE B A, — A+ B,KF, 1 ¥ 35 #aE 4 1 Lyapunov BUE HEHLE H W 14,
Al e5] FEsI B 1 A, HEEW o € Ry
BT (— jwl — ADTICTC,(— jwl — A 7'B, < 7Ll. (2.1
T Ho$8 472400 || Colsl — AD 7By | < 7o BUWRE.  E%.
B ARE(2. 7)5 3c#R[4 ]k g9 B0k 728 R — 6 B, PRI il 7 A0 PR 8 0O B T 3 SR
3 BEFRERENBEENRAESH
ZENTAEEERELBEHRS
() = Ax () + Bu(@), (3.1
u@) = Kx (). (3.2
HaRA 2@ € R, Ml u@®) € R",(A,B) T #. 5 LH AL, 5 ANHRE F,URERZE
PR RAR N FRORA T R H 28 K (18 IR A + BKE X I A T R F 3408 55 4
R E
31m3.10 EBAELGD, EHRESEMEM I GO, WYWLE KA L=
900A (P 1/[2Au(PY] B, B G5 X4 AE — 5 BB K B B 8. Hd B = max(| bad —
FO 1D A () (A (o)) N BF UM BHEME, (| » ||, A KRS, P 4 Lyapunov Jr
(A, + 8P 4+ P(A, + 8D 4+ ql = 0 (3.3
BEEM, X A = A+ BK,8 >0 K q=0 i35,
WA DI I MEGERAMES EXNERL En— 14 B 22 e A EL A SERE TR IR R Bl



756 EH MBS 5N A 14 %

FIBE 3. 1 JF A A AL/ B 28 B B2 42, X =B RO SRBUAE (3. 3) X B A IF & 8 fY 42 ) 28
KR EALERE HEERR & nERATE S WEREN . FEEBRTLEENS
.

B, AT R T B E R BRIEE R P > 0 WL, 4R Lyapunov & (3. 3)
RFZP > 04 KM “P- 50" BE M ENAE.D RIP>0MRENRESRME.2) &£
PR ER S K WES. BAHARERATHEIREESENES, X, RN RAFERIER
FR B<[g+ 208, (P)]/[24(P)], N Z“BR BT B B B T BB R, BE
HE ARHEA.

PR T 1 8 R AT o UE Y 3 4 o R 5 5, LR A K BB BB T B L SC kL7 ]

EE 3.1 FREMP>0EEY MY

(I — BB*)[(A + 8I)TP + P(A + 8I) + qI]U — BB*) = 0. (3. 4)
H.tt B R4 % B ) Moore-Penrose |~ X 3.
W R G ONRT P AR R, B AT A SCHR (848 At % 77 1ok 5.
EE 32 FEMP>OMES, WA B ZEM P SRR K TRER

K=— %B+ [(A+ 8P + P(A + 8I) + qI](2I — BB*)P!

+ B* SBB* P~' + (I — B* B)Z. (3.5)
Hh S ML RS Y R BRI - Z 1 78 16 4 4 1.
BRA HmEIE3 1 REMI2UASBARATEHKASE RN MEE.
4 &tk
Bl1 ZEEEEFEREC. D~Q.D, HPsH

— 1.625 1.375 0.5 1 1§12 0
A= , B = , B,=| |, C = , D=1 |
0.5 =) 0 0 0 0 1

BRI A v = Ko 83 = 1,2, ARER A+ BKF. @i EH | (C,+ D,KF)(sI
— A= BKF)TB || .. <L BB WHR B g = 2, Wi H Tai B EH, B ARE

1 1
@0 #P = |AmaxlPREBIPY, =1 <2 = g, M1 (2.9 GBI H. 4R

HK=[—1 -—1].
B HRUEHFREN FTEBRZNEEN B RREM Aty A, A= A1 AA(o)
H AA(e) = diag(0. bsins, 0. 5cosa). M FAMEHFRL (2.5 (2.6)(Hb A ARE), T
ERE 1,2 5 W RGERR KRR 2(0) =[8 5I"HTM AWML, L i DG 4 Hixt
I A& A% IE W A% IRAY o, Bk ﬁ;ﬁ’z%%xzﬁ%ﬁﬂglﬁﬂﬁ TESRRWAHE R R — RS

KPR AR
B2 EEREMEFRLZGC D,.EFE2H%
— 2.5 1 1.5 0 0
A= 0 Raohz U Al 2y 5B =41 o}
0 0 —1.8 0 1
WRE=TER M O=0,g=2.2, MAMEHFEG. 0 HEQG.5 FRS =0,Z =04



5 1 A SEERRE R SREH RGO RBM IR 757

t/s t/s
e e i
M1 R s HERAHESSE B2 RAnhERANDEA
0.44  0.093617 0.179614
P =|0.093617 0.497099 0.229139],
0.179614 0.229139 0.857994
2 2[0 —0.232166 — O. 05649}
0 —0.05649 0.141186
Iilﬂzr?:alx( | BRKU —F)) || ) = 0.238939 < [g e
420, (P)]/[2A(P)] = 1. 05995, B3I M3 158 o 1 2 oo

K B BroR e 5 45 ) 2% B 3,4,5 RAG W A B3 REAFRARTS A

KMk x0) =[4 2 317 W& F A W L

&, KR OOOD 4 HIH R G IEH K AL B x 2,2, KRBT K. HREREIET R
GiH SERAE.

2

t/s I
i L
g 0 1 2 3 4 5
B4 R&Ex, HERANHE b A5 RexWERANESL
5 £ X #®

1 Fujita,M. and Shimemura,E. . A new type of linear state feedback control possessing integrity based on a solution of gen-
eralized riccati-type equation. Control Theory and Advanced Technology,1986,2(4):563—575

2 Shieh,L. S. et al. . Optimal pole-placement for state-feedback systems possessing integrity. Int. J. Systems Sci. , 1988,19
(8):1419—1435

3 Doyle,J. C. et al.. State-space solutions to standard Hz and Ho, control problems. IEEE Trans. Automat. Contr. , 1989,
AC-34(8):831—847

4 Gohberg, 1. et al..On hermitian solutions for the symmetric algebraic riccati equation. SIAM J. Contr. Optim. ,1986,24
(6):1323—1334

5 Willerns, ). C. . Least square stationary optimal control and the algebraic riccati equation. IEEE Trans. Automat. Contr. ,



758 £ I U I A 14 %

1971,AC-16(2):621 —634
6 EL% AHEFTHAERRERMEH ARG &6 8RR A 50 0H, KR, 1993,16-19

7  Skelton, R. E. and Ikeda, M. . Covariance controllers for linear continuous-time systems. Int. J. Control. ,1989,49(5).

1773—1785
8 T, B NEARBIERALN D FEME R Xt EHEie5MA,1994,11(2):1563—160

Studies on the Design of State Feedback Control
Systems Possessing Integrity

WANG Zidong and SUN Jinsheng

(Department of Automatic Control,Nanjing University of Science and Technology ¢ Nanjing,210094,PRC)

Abstract: In this paper,the design approaches to state feedback control systems possessing integrity are
studied. This paper consists of two parts. In the first part,the problem of designing state feedback control sys-
tems , which possess integrity against arbitrary a sensor failure and meet the specified Ho disturbance attenua-
tion constraint,is considered. The problem is solved by using the algebraic Riccati equation approach. In the
second part,the conditions for the existence of state feedback controllers which possess integrity against sen-
sor failures are studied. The explicit expression and direct design method of desired controllers are also given.
Two numerical examples are presented to show the effectiveness of the proposed design approaches.
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