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Abstract This paper is concerned with the robust control problems for uncertain dis-
crete-time singular systems with disk pole constraints., First of all, we discuss the un-
certain discrete-time singular system without control input matrix perturbation. The
concept of generalized quadratic D-stabilizability 1s put forward for uncertain discrete-
time singular systems. A method of designing the state feedback controller is presented
based on some matrix inequalities and the generalized Riccati equation, so that the sin-
gular closed-loop system is regular, causal, and satisfies that all finite closed-loop poles
are located within a pre-assigned circular region for all admissible parameter uncertain-
ties. Secondly, we discuss the uncertain discrete-time singular system with control in-

put matrix perturbation. The condition for the existence of desired robust state feedback
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gain matrix 1s obtained; furthermore,

the analytical expression of the desired robust

state feedback gain matrix is also derived. Finally. a numerical example 1s given to 1llus-

trate the effectiveness of the proposed approach.

Key words

I 55

T 52

S S RN PN o L T 5 7 A DR PS I

Uncertainty, discrete-time stngular systems, I)-stability, robust control

RGuiziT ARy i & ik 2 BRLE U1l

IR EDRENERE S HHALH - EAHENRS . SIEAHES BT NE
REMEH  E R & ARG A . L, A% EA B E MR R Y & 5072 1 0] 5E v X L

k15 P AH

MERE
A3
H g 5
it 15
HHEFR

L SE B AUR . R AT ANHE E A

AR A B ITABES FAFERA AR AN TEFE EN— TS EREKX
BN O B RS XA R X BRET B I
B A X 3 000 45 67 T B D s i R 7 [ Y Y [

451 X s iR S EC E R ST T KRB RIS

A AR R X T EREAES X
Eiﬁ)uﬁm%fﬂﬁ~%%ﬁﬁﬁﬁﬁ

AT T X RS X TR T FRAFIEARERER

BHIKEIE T BA B & KBRS LR/ —
S 725 1) g A T AS 5 DI 3 A9 o) B A T

KA E BB X%%%ﬁiﬁﬁt‘J ) 22l
SHMHMAE BB LR5, F IR

BRIt A, UEX T BIFMSBAREYE, ] LR RE50 BN EHR1,

P s 0 B TR 5 40 0 O B A . S S 150 B B 8 T TR RO A 0T B T AT

2 [n] et B 4 ik AR

(% n, — ﬂaéﬁfjli

E 2B

HA 3k
yall OpTile=

O A R

HAZIERANMTEANATHERN LA

Ex(k+1) = (A+AA)x(k) + Bu(k) (1)
XH x(BOHER wkh) ER"FHRAGZHREME BEBHlf AR E;ECR " H rankE=n <ln

RAEERE, HEEERLWT .

WHIE®E R4 A B RERMIE S 48000 % B . AA N BRI AR A

AA = HFE, (2)
FER 'RERANMEIAEARBEAMEF F<L. XH LELF XL RAE H E 2T
7E R R
BT ANH E B ET RS Al R AR AYAR S S5
u(k) = Kx (k) (3)
Ex(k+1) = A (k)x(k) (4)

Hop K ZBRESERRIEHEE A =A-BK+HFE,.

E X

1. WRHAARRF DO RIEN HRB.

A AR A B0 T BUSS € RO TR

et 702K r UK D2, WLB 6(E.ADCT D(a,r) s K o(E,A) = {s|det(sE— A, ) =0,

56(:} ’ 1{1“
3L

+r<1. MAFEER LHREG (]
:ﬁﬂL E@DT‘% %%f‘?ﬁ* ﬂi@aﬁi

YHWHH RAE DREW.
MR RS R GigEiE KER",




144 g H  F ik 29 &

U AHEESH X EZ(DODERERBuh)=Kx(DOEHT R ERITHATEN AA
i 2 -

DB RGO RIEN . HR, P A =A+BK+HFE,;

DRARE DO AARAMRBRESIMN THEGENFOE 708N r HEIEZ D (a,r)
N, Ble(E,ADCTD(ayr) B 6(E,A)={5|det(sSE—A)=0,s€C)}, |a| +r<1.

PESHER XARSGIEN . Kk, HEAE R S46 T —4 2 RIE X 8 58 £ &1,
A FI AR5 .

SIE 1. BRU LES%

Ex(k+1) = Ax (k) (5)
EN HREBEWRELSHR FHEUTENKEE PERHERIMNFER ETPE>0,
ATPA—ETPE<0 [a]B BT
SITR 2. ZEBEERS X&E4

Ex(k+1) = (aE +bA)x(k) (6)
K a,beC,b#0. MAFTELLTF WA R -
DN RENE RIFIERE L
Ay = a + BA (s (7)

OB XA GOHORENM HREMYEAUKERT LES% 6 BEM . BHEY.
TRl B YELE ExG+HD)=AxREEN HBE . BHE
s(E,A) C D(a,r) (8)

FIFEor B R RAFETTEXFRER PER™ " FHBLUTHANAZER R -
E'PE >0, ATPA—aE"PA—eA"PE+ (¢’ —#)ETPE <0 (9, (10

UER. 51T 2 b B a=— b= IRIETI 1, FAE A B R X R G(6) REN,

NREBREMNREZHEFETENHRERE PEC R F152(9) M 10) &) i 557

FEH ol +r<l, 15| 2, BEXELG) REMN . FHEK, BHRE o(E,ACD(a,r).
SHMNYEBT XA BREM HREBEMN. e 1 4 )ar. ik B

WRIE A, AT U A,

EX 2. MRHFAASEMRERE PCER B/ AHESH XEALE (DO BHRERB uk)
=Kx(DIER F XA BFIFH AAEFEAEFR (9 F

A'PA, —eE"PA. —APE + (o* — r*)ETPE < 0 (11)

B S, MIRAHEBR XRAZDMHARERART X IR DEEMN u(t)=Kx ()N}
AREBR XAX (DB —NT XK DHEES.

3 FELZB

AT BT EEAE, KM RER S AEERSMNEHS AEESERS
MRBEENATE XRAGEW DigESE &6 n .
3.1 HHBANEBESASHIBERE

ER2 FAHAEERST XEZAG(DOE X _KXKDHEEN  NH -2 EN. AL, BN
BB AHNTEEZ Da,r) LBl 6(E,A)CD(a,r).




13 ORI AREERB X ARGW DIRE S B £ 145

Wil A, =A —E,. SHFFEAHMPRERE PCR @B ABEER XRF (D)
PR R Bt u(k) =Kx (ROERH FXHERE BT/ AA B AF (D H
ALPA, —rE'PE < C (12)
WA S WA E RS XRAFE(DOKMWARRAZEN . BHR, HIFEERKE A TRE
D(a,r)N.
EE 3. WA, =A+EBK—oE  IRFAMTEXNFRELE PER"ME e >0, T FIA

2 K [6] B ST
FJPE a EHTPH<Iq
AP+ PH('I—H'PH)'H'PJA,, +¢'E,E, —r"E'PE <0 (13)

WMABESS XEFZOWARZEG R IEN HE, BHIFAFERELYAGTEE De,»DA.
iERR. HEH A.=A, +HFE F F'F<I,. &%{1 & Bk
ATPA. < AP+ PH(('1—H'PH) 'H'PlA,, +¢'E'E, (14)
A& R=[AlLPH( ' -H'PH) '*—=EF'"(¢7"I—H"PH)'* ], WA
0 <<RR" = AL PH(¢'I—H"PH)'H"PA,, - ALLPHFE, —
E'F'"H'PA,, + EIF'(¢e'1— H"PH)FE, <
AL PH('I—H'PH) 'H"PA,, — ALPA., + ALPA,, +¢'E.E,.
Hm (IO, TEAFHREAFA A
ATPA.. —E'PE << Al P +PH('I—H'PH)'H'"P]A,, +¢ 'EIE, —r*E"PE < 0.
RBEIS L. HENARESEEEN HE B EARKESBMTEE D.mnN. UEE.
5[ 3. N P,QEREA WX FRAE B, M 2iE HAEHHEM W Q—M PM o] # 1) 7
FEERAMR P —MQ M A%, H(P ' —MQ 'M") '=P+PM(Q—M"PM)"'M'P,
TR 4 HQER",RER " HEENFRAERE . P FERHEXTFRBEREE PER"H
E¥ e >0, T A2

E'PE >0,eH'PH < I (15)

(A—oE)"(P'+BR'BT —¢HH") '"(A—oqE) —r*E'PE+¢'E,E,+Q = 0 (16)

RIS, WA EBER XAZ(DOWEARRE R LR D#EER, B A8 R AR 7S B 15
4 K s

K=—-R'B"(P'4+BR 'B" —eHH") " (A —aE) (17)
Aol Hb, FATHRIN(16) R T X Ricecatn F7 2.
ERR. &M EER B FRER PERAIE  « >0, AFEL5) H16) fq] i
WA, TR BEEHE 2 MIEFIRE, AR
A."PA., — **E'PE << AL (P —eHH")'A,, + ¢ 'EJE, —*E"PE <
AL (P —eHH") 'A,, —(A—aE)" (P '+ BR'B"' —cHH'")7'(A —¢E) — Q (18)
A U=(P '"+BR 'B"—e¢HH") "(A—eE), B} A—oE=(P '+BR 'B'—¢HH")U,
(A —gE)" (P +BR'B"—¢HH") '"(A—gE) =U" (P +BR'B'" —¢HH U =
U'BR 'B'U +U"(P ' —eHH")U.
% 18 2] K=—-—R'B"(P'4+BR'B"—e¢HH") " (A—aE),
H[l K =—R'B'U.
Ml A—eE=(P '"+BR 'B"-¢HH"DOU, Al (P ' —eHH"HYU=(A—eE)—BR 'B'U.




146 B 4] %4 < 2 29 &
FRUUAE AL(P '—eHH")Y 'A,, ={(A—gE)—BR'B'U(P'—e¢HH) '[(A—¢gE) —
BR'B'Ul={(P'"—eHHDHYU "(P " '—eHH") ' (P'—¢HHDYU |=U"(P ' —eHH")HU,
Y

f(P'—eHH") A, —U(P'—eHH™)U = 0.
B, (18, F ALPA, —rF*E"PE<—[Q+K'RK)<—Q<0. BEFTH I, AHME X
RGE(LOMWHARRERET X IR DEEM. ik .
3.2 ERHEANEESHEHRINIER
EZRM FEFIWARPEESTHFNINER LEAE
Ex(k+1) = (A+4AA)x(k) + (B+AB)u(k) (19)
Ho AB=HFE,,E,Z2EHKELERAWHBRELE, KEICEREAZL (D).

XHEHAXHWEHWEFRHEHRERGYE KER", UMFEAHERTH XEHFODE
RERBtu(t)=Kx (DERATXNHAEEFNARESE AA KN WHARREREN . H
Ky HIrBH R AN TFRE De.m)A.

EIES MERFAETEXNFRERE PER IEESREKE QER "M EE ¢ >0.{#

E'PE >0, P' >e¢HHT (20)

A, (P —eHH") 'A,, +¢'(E,+ EK)"(E,+EK)—7E"PE+ Q=0 (21)

EI RS, WA E BT XRZANOMARREREN HR, B EERBE S TR E
D(asr) .

6. MEER e >0 MIEEMNHKEE PERRQER™ , YR P ' >cHH %
—T-+N' M N0, AT URE R BB ER K=—M 'N+-M " VU, B8 AT S
FYXRGADWHARRAERZEMN HR . BEFEARBRAYNTEE D@, DN, Hp Ve
R R—1EAER,

M=B"(P'!'—-¢HH") 'B+¢'E,E,,
N=B'"(P'—eHH") '"(A—aE)+'E,E,,
T=(A—aE)" (P —eHH") ' (A—¢E)+¢ 'E,E, — *ETPE 4+ Q.

iER. BT P ' >eHH', | P! —eHH' A IFEXMHREE, BB B 3, M (e ] —
H'PH) '"WRFFTE. 8% Ay, =A+BK—oE, |

Ay, (P —eHH")'A,, +¢'(E, + E,K)"(E, + E,K) —r"E"PE +Q =
K'|B"(P' —eHH") 'B4+¢'E,"E,]JK+ K"[B" (P! —eHH") ' (A—oE) +¢'E,"E, | +
[(A—aE)" (P —eHH") 'B+¢'E,"E,JK + (A —aE)T(P' —cHH™) ' (A — ¢E)
e 'E.E, —r*E'PE +Q (22)

HITERN, S
M=B'"(P'—e¢HH")Y 'B+¢'E,"E,,
N=B'(P'—-¢HH")7'"(A—eE) +¢'E,"E,,
T=(A—aE)(P'—eHH")™"(A—aFE) +¢ 'E,E, — *E"PE + Q.
BT EWME, M M=B"(P'—eHH") 'B+¢ 'E,"E, >0, FR2HAXCOEH, X2 H 7
T E R IR

(MMZK + M—L.-’E N)T (Ml,.fzK _'_ Mﬂ-ifﬂl N) —_— T+ NTMPI N (23)
S KAFEN , LDHFEUECR R U'U=—T+N" M 'N=>0.



AH

Wlss: PMRERT X RHEH DERESE #EEH 147

ME SR8 DRI A ERMFRFEEXEE VER ", A M K+M "' N=

VU,Bl K=—M N-+M"'*VU. T4

4 B S

SFAE BT LRF (), EE

e B S

10 0 -0, 1 0.8  0.01° -1 0,757
E= 101 0, A= 0.9 —1 0.2, B=|—0.8 1.2/,
0 0 0 —0.15 —0.02 0.31/ 0.3 0.81
1.5 0. 867
_ 0.0l 0.005 0.01
H=1]1.2 0.95|, E, = 1,
L0. 018 0.003 0.0014
1.3 2.1
0ol 00 "0, 07843405  0.07994851 —0. 01024226
%t T 1F 58 AT FREE [ R= _'0“09 0'3 B Q=1 0.07994351 0.17341176 —0.00121285 |,

HL r=0,78,2a=0.009, MAFT
~0.00047694  —

—0.00014866 0.
. 4.35126580 -
B A% M6)FEB 7. BT
"X IR DEHER,

P =

AT AW E

7.19761711

— 1. 0373411¢
— 0. 06154995

| —0. 01024226 —0. 00121285 0. 01785886
Fe=1. 5 FI0] 350X PR A S

0.00014866 1.
00061801  ~— 7.19761711|x 10%,
2. 78432924
B4, s HMAMEER XARSE (DA RG R
HMMARERTEEEE KHE
- 0.43000694
— 0. 62602877

53126580 7

0.16471546"
0.19643071J

EE XRGE.HERED T XK D EERNBE, IF 7 551 % 11

i A F BN

P HIFE

i f A UE A B F R F %

G M ANE R HT X Ricecati H#, #ff

HTEBERSXEK SR —EARERT) XAGZWSERERZERE, 0 77 XK
D $HE 25 Wi 1T 5 1.

l‘_

References

l  Haddad W M. Bernstein D S. Controller design with regional pole corstraints., IEEE Transactions on Automatic Con-
trol v 1992.37(1).54~69

2 Garcia (. Bernussou J. Pole assignment for uncertain system in a specified disk by state feedback., IEEE Transac-

ttons on Awtomatic Control .

965,40(1).181~190

3  Furuta K, Kim S B. Pole assignment in a specified disk. JTEEE Transactions on Automatie Control, 1987 ,32(5):423

~ 427

1 Wang Z D.Tang G Q, Chen X M. Robhust controller design for uncertain linear systems with circular pole constraints,

International Jouwrnal of Control. 1996,65(6):1

N

045~ 10504

Fletcher 1. R. Pole assignment and controllability subspaces i descriptor systems, International Journal of Control .



148 H 3] 110 F fix 29 &

1997, 66(5) .677~709

6 Cobb D. Feedback and pole placement in descriptor variable systems. International Journal of Control, 1981,33(6):
1135~1146

7 XuSY, Yang C W. Stabilization of discrete-time singular systems: a matrix inequalities approach. Automatica,
1999, 35(9),1613~1617

8 Ben-Israel A, Greville T N E. Generalized Inverse: Theory and Applications. London: John Wiley and Sona Inc, ,
1974

9 XuSY, QSY, Yang C W. Pole assignment in a specified circular region for uncertain singular systems. Informa-

tion and Control, 1999, 28(3).168~171(1n Chinese)

AW 200l FTFHREBETRFHGERH AR TFELFAMA. AN AT ELRKFIHE. FTEMAR
XBAT XARGHME &R E S .

(HU Gang Received the Ph, D, degree from Automatic Control Engineering Department of South

China University of Technology in 2001. He 1s currently an associate professor in Guangdong University of
Technology. His main research interests are stable and control of singular systems and time-delay sys-

tems. )

WHE 1997 FTHREHETLRERELEZM AN ALY RYRE T EHAFRAEE. B iP5 X
BAT X EENHEREREMESLHE L 5EH.
(XIE Xiang-Sheng Received the Ph. D. degree from Automatic Control Engineering Department of

South China University of Technology in 1997. He is a professor in Guangdong University of Technology.

His currently research interests are basic theory and control of singular systems and time-delay systems. )



