5 z & ¥ #

VDL 24 3NU- 4

ACTA AUTOMATICA SINICA Jul. ,1998

W R FKRARTAGTEWRR T EEREE
?XZI@%%%S@%," %ﬁETH

[,
A A AR R

A

EHZEH2SE W o FERE

A

i B WL

(FRILKEEE

PN

LRG0 JEFH 110006)

LR By

)5

>8] WEREEM AL, WO T REE, R

1 5lF

A FEEE [ (RSP) B 15 TR Fl A~ 12 1 4% » 24
RiFfRE; MY HF M ERSFHISEE, RENERFRE. 23ER 1 Finfy 807

E R A Ry ] SR 2 ML IEW T LR REE
M. AT TERRENERS. £
) FEBRAF AR T — PR R H AT

RE » FE ) AR Y IR It

E IR E ] e — X RET, R4

RIREHRIZSG S(P,OOWRM L. R T BEAF 3104 (passive redundance ) ) 7] £ #

2% S(P,C,,C) WA 2 /R, Vidyasagar U 2R T RS .44 H T RSP 9B A HT

X FFTie T EfZ E# K % sMinto and Ravi®HEB T S(P,C,,CHOFE B RE R £
FRENERAFEE P);Gundes' 5 T A EERFHIRIT T ELK

P ZmmE ) (B FT

HEZERSN N SEER. BR, Z5EX AN RBHH RS REATEN T2 RBRIR

WA TR

1)

S

2) 5K

7 ¢

WO H 3

REERENF-

K1 BARBRERRESE.SEP,.C
ABBI T —EE R EB] T Vidyasagar

WEFELIEESYENRE.
I THETFESEGEEREEHD
1995-09-29 WHRMBEHHB R 1997-10-6

2, 1M 221000.

K2 FRIEEHRSE.SP.CHCY
Ay JLF RSP B9 € X Z 8] iy F 4T %




4 A sk [ 1155 H SRR A S B i SR E 553

e T XTMER S E Rl 4r Cr, FFAEFE ] EF Co 8745 (Cy, CO LRI RSP B B 5%

2 FAFNTE S [0S ik

B RANELRBAHSAWES,S MIRENEH T AMNES MR ,MS) 7 H|FKR
HitERBTR,.S WEMES, USHFERETERBRT S BYEAEE (unimodular matrices) |
o BIUS)={U.UEMS), U '€M(S)}.

R PEMMREALAENHEENSE, B P=ND '=D"'N,XBW,D),(D,N)EM(S)
= PHWAELBRHNAERRDE. RN CHEE PP,OORRRBEN . B HMNIEE 1+
M u—_1 r.15‘!2]"@" y—-[fﬂ’ﬂ’ﬁ’ﬂ%ﬁ@ﬁﬁ? H, (P !C)I&%}_\EB{J- 1574 S(P)%%ZFCF)?%%EXE P
RS CHES , EBREEY. XY, XeEMSOB|YI[#0,|Y|#0 B YD+XN=I,
DY+NX=I.M S(P)gEH TR A

S(P) ={(Y —RN)" (X 4+ RD).|Y — RN|# 0,R € M(S)}
={(X 4+ DQ)Y — NQ) ';|Y — NQ|+# 0,Q € M(S)}.
HF (Y —~RN) " (X+RD)=(X+DQ)(Y—-NQ) 'Y HY R=Q,HIt, Hiti
{%ﬁn;@ceS(P) RN — g, BIIBIB C=Y'X,=XY ', XB,Y,=Y—RN,X.=X
+R.D,Y;=Y—NR;,X.=X+DR; 5|Y,| 0, |Y,| 0, WY, X:, Y, X)), i=1,2), 5.7
2 Bezout fH&Z&

.

_Y!' Xz' 7 _D - X:'_ -I O*l (1)
.- N DiLN Y., 1 Lo 1t

B (DR 5w P R 8 2 A RO, X (D AR AT F R

M. Vidyasagar 3¢ H 8 JLFF RSP21E XINF .

RSP 1. X T &H%% S(P,C,,C, B ANERASC, 5 C, 818 C,,C,eS(P)H
K2R REGMRBAE S(P,CL,CHORENIHBEMN, PN wu=[u, u), d,] 3 y =
VYR Y IR BE R H,.(P,C,,C)RRER.

AT H,(P,C, COFRMNRBRE R, A NABEREEHE .

RSP 2. XFHENXNZR PRI MNERE C, 5 C,, 1§15

1).C,,C, € S(P); ).C, +C, € S(P);
MR C=Y""X,=XY 7", H(Y:,X.,Y;, XD G=1,D)%E ORI
(i), Y,,Y, HEJF; (v). Y, Y, £HJF.
RSP 3. X T4 EMXR P, RE|—XF#EH a5 (C,CH T
H.C,e SP); .C,eSPYNSPH,XH P, =PU+CP) ™.

RSP 2 R =& m XM 2]4 . A XM T &E— D&M Gv); XERL2]H
RSP3 ¥R 4 & ety Al FE 48 %2 [l & ; SCAR (3 JHEFH RSP1 R R L EF M9 P £iRE
FE Y SCHRL4J3E—2P 45 i RSP1 g #2 ill ae X (C1 , CO WIR T T A Z B R,

|

L)

3 FEL

51IR 1. % C,,C,€S(POHE R (R, Hi®



554 = 7)) e, % fi% 24 3

= (Y7!4+Y,'—D)', X,: =Y, ;X +Y;'X,), (2)

i Cl+czeS<P>3E%M~£%#F% Y, X € M(S).
iERH . BEHE.EHH CHC,eSWP),M—EBFTE Y X;€EMWS),HB Y, ' X,=Y,'X,
+Y;'X, HY, D+ X, N=I; AN Y;'=D+Y; ' X, N=D+ (YT X, +Y; ' X, )N=(Y7T'+
Y;'—D), N2ORBE Y=Y, X=X,

. BASBIEY. D+ X, N=I,BH Y, X;EMO /Y ' X, €SP),BI C,+C, €
S(P).[]

5|1 M TRENHARBREEE L. HTHeHE, 1 Ay =Y, +Y,—Y,DY,,A,: =Y,
+Y,—Y.DY,. M (ORBY,=Y,ALY.=Y,A;,'Y,.

g3 2. ® C,C,ESPHHR DX, B P,=PU+C,P) . C,eS(POM T
FERUER A, €UWS), Bl

Y. +Y, —Y,DY, € U(S). (3)
iEBH . MO, F P =NY, Nl C,eS(POR R VLESZHRY, +X,NY,=Y,+Y,
—Y,DY,€U(S).

b4 RSP3 55(3 2 51,RSP3 B A ;B 542 (3) L.

5|38 3, i C,,C,eS(PHIFHRE O, M (C,,Cy) R RSP1 By #H) 7B W B R4
Ay EUCS) T A, EUS).

FI8 1. JLF 0] 54 E 75 . RSP1,RSP2,RSP3 B2 i, Bl b {1 R BH o R sk TTH#
H g S tH<E.

JERH . GIAEES S.(P).={(C,,C) |C;€S(P),j=1,2. H(C,,C))FE RSP IR} i
=1,2,3. | REHERR S, (P)=S,(P)=S,(P).

BCLCHEWDMRA, BEEAEEALKCL,COBTEE S.(P),%FH C,,C,,C,+C, €
S(P). \BIHE 2 553[H 3 A5E,(C,,.C,)ES (PYEMN T (C,,C) €S, (P), HEZEM T
ORI AR B Y, 5Y, AHEKMAEAER, R C,,C) eS8, (P). T B Fukad
S, (PYCSS, (P). W F(C,,CES, (P, HF|E 1 H,Y, e M(SOHY,+Y,—Y,.DY, =

Y,Y;'Y,EMS), XK YUHBY, AY, HAEARFSF Y., AGEFHH. AR —8HE, K
Y =YYy Yo, =F.Y , R Y, =Y F, i XB Y, Y, F, F,EM(S) B RIETFRHE, A
Y.F,+ FY, — F)Y,DY, F = FF, (4)
FAEGWRYFBLEFT Y. Y, Y. DY . NWXHMF, 2 Y. F.=Y (EEF,HI F,
BEY, 5Y, MELHATFBY, 5Y, BEGFRW,.HIE F,.ecUWS),FEF,€US). LY,
+Y,—Y, DY, €U(S),(C,,C)ES, (P). \TiT S,(P)ES,(P).[]
AL B 1 CERL2 R AT MR R O (el gy [
¥ 2. S1(P)=S,(P)=S;(P) % (EE W AT LEZHE P RBHEMW.
¥ 3.RSP3 W C, 5 C, BXTFRHY, BlanR (C,,C.) & RSP3 W f#, M (C,,C,) /2 RSP3
Ay Kot 48 [ R ) i
(", C, € S(P); (1", C, € S(P) N SP,),P,=PU + C,P)!
¥ 4 . RSP3 #H) Gii), Gv) 2] YA T 1 S B
Gii’). Y,,Y, BAHEHFEH . av). Y,, Y, BEH K.

185




4 o B 155 {5 B 22 0 A 45 1 Y H] SR E 555

=F%r#y RSP:RSP1,RSP2,RSP3 A [ ¢ i fe it T RSP #9## C,,C, 58K 3%E
ST P Z BB R, N FERSY TR AERSHAIErBNEEERBEXE
Y. B ER 1, FE¥ RSP1,RSP2,RSP3 4 —i & RSP.

R 1. 1’ P EmEEN.CLCeSPHHELA ML, R CGE CHREEER, N C+
C.€ S(PYW R WHEFZRMF(C,,Co) 2 RSP .
E1e 1 JERADABE. SCER[ 2,4 B, IMEBEREWERIE C. e S(PYNMGS), B F#
C,eS(P) fF/C,,C)RE RSP fyfg. (HE , M FIEELEEN AR EMNIERRE C, €SP,
BEMAEEC,ES(P),[FEB(C,,C,)R RSP i BIXEFEN, TH S 2 BIE & X4
0] 51, MBS — 5 .

5|3 4. ix P=N,D'N,, X&N,, D)RAFEK/, (D, NORAZHRB. N P &mE
ER RS VLEZMHREEQEMS),[§H D+NQN,.cU(S).

T 2. ME P EMEEN, I P=ND ', D+XN=I,H N=N. 3}FH &k 2%
C,=Y{'X,=XY'eSPHEHR KX, MFELEC.€SP),#E(C,,C,) 2 RSP HIEH
S BESZME N(T+X,NY ) ' X\ N EREED.

WEB. BT (C,,Cy) 42 RSP W 5 B FR MR Q)RS AHiE Y.=Y,+QN,
M A,=UT+X,N)Y,+X \ NQN ,BHT[HE 4,0, € US W R LEFZMFR N(UT+X.N)
Y))TIX N, =& 5EE E WY

HEE2H,YC BRE Y, =TI, B NUT+X,NY) 'XI\N BBEHEN. B
i, SCHR 2 1R 45 51 2 A 8 3 19 57 91

Wit 2. MR P EREM.NXNEEE#HIZRC. €SP, EFEC.eSWP),fHH(C,
Cz)?:E RSP Eﬁﬁ

B D=I,N=P,Xb} S(P)={T—QP)7'Q: |I—QP|#0,QE M(S)}. H&XY,
=]—QP, X, =Q,, M| P.=N(U+X,N)Y )X, N=U—PQPQ,) 'PQP MEE Q,
WMEREEN. BHEH 28, MEE C.€SP) , HHEEC,€SP), B (C,,C) R RSP
o)l

4 i

AT PR E R BIEX R B v FEE E MBIELT T RIS WEH T LR R
HERBE X ZEHFEM R R, Gl T X TEESEWER 4, F7E 7 — M e, 7
L E R A A M BB R i TP A BRI R A R BEHE X — &4,
Ff AZS CH R B — M8 . A SCRY R B R DA — 25 A 53 4% ) 4% B9 P 52 50 m) A
A SLGRW N H L E BRI PP, AT, IRE . = INAL, REUER/NFRE R, 3R
BT PR KR

g d

Z £ X M

1 Vidyasagar M. Control System Synthesis: A Factorization Approach. Cambridge, MA: MIT. Press, 1985

2 Vidyasagar M, Viswanadham N. Reliable stabilization using a multi-controller configuration. Automatica. 1985,21

(5):599—602



556 = ] % i 24 &

3 Minto K D, Ravi R. New results on the multi-controller scheme for the reliable control of linear plants. Proc.

American Control conference, 1991, 615—619

4 Gundes A N. Reliable stabilization of linear plants using a two-controller configuration. Systems & Control Letters,
1994,23.297—304

5 Gundes A N. Reliable control using two controllers. Proc. 31st IEEE Conf. on Decision and control, 1992.:445—
446

RELTABLE STABILIZATION USING MULTI-
CONTROLLER CONFIGURATIONS

ZHANG GuosuaNn CHAI Tianyou GU XINGYUAN

(Research Center of Automation, Northeastern University, Shenyang 110006 )

Abstract In this paper, the reliable stabilization problem (RSP) of strongly stabilizable
plants is studied by using a factorization approach. The equivalent relationship between the
different definitions of RSP 1s proved, and the structure of reliable controllers i1s character-
ized. A necessary and sufficient condition is given that, for any given controller, there exists

another controller such that they together solve the RSP. This condition provides a method

for selecting reliable controllers.

Key words Reliable control system, factorization approach, reliable stabilization, strong

stabilization, controller’s design.



