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Robust strictly dissipative control

for linear discrete delay singular systems
" DONG Xin-zhuang, ZHANG Qing-ling
(Institute of Systems Science, Northeastern University , Shenyang Liaoning 110004, China)

Abstract: This paper deals with the design of memory-less state feedback strictly dissipative controllers for linear discrete
delay singular systems with or without uncertainty. By using the approach of linear matrix inequality (LMI), firstly a sufficient
condition is presented for a prescribed linear discrete delay singular system to be admissible (i.e.regular, stable and causal) and
strictly dissipative, then the existence condition with explicit expression of a memory-less state feedback strictly dissipative con-
troller is derived in terms of matrix inequalities (MIs) . Furthermore, for an uncertain system where all coefficient matrices, except
matrix £, contain norm-bounded uncertainties, a robust strictly dissipative controller is designed by using the solution of matrix
equalities. This controller guarantees the resultant closed-loop system to be generalized quadratically stable and strictly dissipa-
tive.
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2 TR #&&0iR (Preliminaries)
FRAT TR WA R EERT XRS
Ex(k +1) = Ax(k) + Agx(k - d). (1)
Hep: x(k) ER"BRES;E, A, A, € R BEHSE
R d B EEE  rankE = 1 < n.

EX 1 DR det(4'E - 24 - Ag) NE
RE WAL EIENR.

2) MRRLE()ZENK, B deg(zdet(2E - 4
_ 7 Uy) = nd + rankE, MARERKRK.

IWMREGE (1) BIENK, H o(E,A,4y) C
D(0,1), M EREfREMN, H D(0,1) FRUIEK
A, UL RERBIRNER, B p(E,A,49) =
{z]det(z2*'E - 2%4 - Ag) = 0].

4) MRRGE (D EEN B HRE, MY

AR
SIEE 11 MR EETENFRERE P RAERE
M > 02

E'PE = 0,M - ATPA4 > 0,
ATPA-ETPE+ATPA,(M~-AYPA)'ATPA+M < O,
MRS BT
SI3E 21 RAFRIERE WAl R F R
FF' < I, M, N &8 44800 H 80, BAAEER
e el - NWNT > 0, R
(A + MFN)W(A + MFN)T <

ATPA - E'PE + M ATPAy
L ATPA ATPA4 - M
BIPA - S'C BTPA; - STC,
QY C QY ¢y

MRAZEQWBIRRERAZFHT™H(Q,S,R)-#
B, e 92= (- Q)2

iE %43(4), (5) et B151 2 1 1 Schur #h
HERHRZQ)M BERERETTN. S

ALW + WN™(el - NWNT)"'NW]AT + eMM".

3 AR FERUME 5 B B R FE B4 ) (Strict
dissipativeness analysis and strictly dissipative
control )

ZIRI TR A NG RR LRR
Ex(k +1) = Ax(k) + Agx(k - d) +
Biw(k) + Byu(k),
z2(k) = Cx(k) + Cyx(k - d) +
Diw(k) + Dyu(k).

He: w(k) € RP BTHEA; 2(k) € RT BEH 4

s u(k) € R™EHEGHA; B, B,,C,Cq, Dy, D

M AER B AL E B R
XERFZEHWBBREBRIA u(k) = 0)5AZ

KARE B ek 3K

E(w,z,T) = {z,0z)7 +2(z,50) 7 + {w, Rw) 7.

(2)

T

Kb (o) = D5 u"(R)o(k), T HIEGER, 0,

k=0

S, R B MAEBMAGERE, H Q, R BXFRRE.

EX 2 MWFHEFXNFRE Q, R FIFFES, 4

REAELEH o, BFHEFVHERET , AL
E(w,z,T) = alw,w)r. (3)

SHEBMIEREBE T oL, MR ARKEQOMBEER

SRH(Q, S, R)-FERN.

ETEREN,Y 0,5, R REEHAER, R
SRR (Q, S, R)-FEBUERI 3 BRI He MEBE,
ELHL REEARSE.

—BETE X Q WA I TR

fRig1 Q <O.

TR 1 MNTHRERNFREE Q, R MERES, 7
BT, WREAERT X FRERE P REREM > 0
R T K LMIs

E"PE > 0, (4)
ATPB, - C'S cre?
ATPB, - C1s  (To»2
BTPB, - DTS - 8D, - R DTQY? <9 ®
QY2 D, -1
V(x(k)) =

k-1

xT(k)E"PEx(k) + z xT(s)Mx(s).

B V(x(k)) = 0. TR(5)BALEM T FRRaL
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ATPA - E'PE + M - C"QC
ATPA - CIQC
BfPA - STC - DTQC
e ERXA Ly < 0, 0BT BRI R 2 7540/ IE 3K
o, ffi18 L, = L, + diag(0,0,al) < 0, Mit&EEE]
V(x(k +1)) - V(x(k)) - 270z -
22" - w"Rw + aw'w =
[2"(k) ™k -d) »"(K)]L,-
[2"(k) ™k -d) »"(K)]"<0O.
XF A 0 B T SR, FHERS v(a(T + 1))
= 0,V(0) = 0, ANA153IX (3) BL, FrLA RS (2)

ATPA, - CTQCy
AiPAq - M - CIQC4
BTPA, - STCy - DTQCy BTPB, - DTS - ™D, - R - DTQD,

ATPB, - C"S - C"QD,

AIPB, - CIS - CYQD, < 0.

FEASFERIE R X R4 ()R X2 RS
RRERIRR u(k) = Ko(k), HEHARRS

Ex(k +1) = Agx(k) + Agx(k - d) + Biw(k),
{z(k) = Cox(k) + Cqx(t — d) + D, Ck).

(6)

BUFH™H#%(Q, S, R)-FE#, K 4. =4 + B,K, C,

= C + DK, FHRE Y I 2R R A Tk RE B 4% .
EE 2 XMNTFAEMXRERE Q,R FIERES,
R 1T, RFEET X FRERSE P EEM > 0

BERRAR#(Q,S,R) - FERM. FIE# e R (4 UK
ATPA - EPE + M - "0 19 ATPA, ATPB, - C"S c'o”
AjPA AYPA - M ALPB, - CIS clo”
BTPA - S"C BTPA, - S'C, BTPB, - D'S - S™D, - R DFQY2|" o @
Q2 ¢ QY2 ¢y QY* D, .

W RS (2) FFFETICACIR S BB A% FE R 1 2% , T
HERSTBRIHR w(k) = - ¥ '0x(k). Hrp

X, = BTPA; - S"C, - DTQC,,

X, = BIPB, - S™D, - DTQD,,

X; = BTPA - §"C - DfQcC,

X, = BIPA, - DIQC, + X3H'X,,

Xs = AJPA - CYQC + XTH-'X;,

ATPA, - E'PE + M ATPA4
ATPA, ASPA - M
BTPA, - STC, BTPA, - STCy

Q1 ¢, Q1 ¢y

MARG(6) REFHI™# (Q, S, R)-FEHM. XX
(8)E A i ] Schur #MEE , W B A FEM T TR
ATPA - E"PE + M - C"QC + XiH ' X5 +
K'(W-eDK+K"®+ DK + XIW-'X5 < 0.

b, F (7)) 7T LS F
ATPA - E'PE + M - C"QC + XTH'X; -
TP 4+ (KT + OTU-HW(K + ¥ 1) +
Xw-x5 < 0.
MY K = - v 'o B BRAER(8) AL . & HAE.
4 EEFCREBENHNSTSSEE (Analy-
sis and synthesis of robust strictly dissipative
control)
FIRI PR AN ER SRR XRR

(9)

H = DTS + S™D, + R + DTQD, - BTPB,,
W =M=+ CiQCy - ASPAy - XTH'X,,
¥ = BIPB, - DIQD, + XTH'X, +
XWX+ el >0,
@ = BIPA - DIQC + XJTH'X5 + X, W' Xs.
iE HERE 1, MR XRERE P R
BEM > 0 (4ORTX

ATPB, - CTS cro'?
ATPB, - CIs clo?
B'PB, - DS - S™D, - R DTov2|" 0 ®
Q02 D, .
Ex(k +1) =

(A+ 04)x(k) + (Ag+ A Dx(t - d) +
(B; + AB))w(k) + (By + ABy)u(k),
2(k) = (C+AC)x(k)+(C+AC)x(t-d) +
(D, + AD)w(k) + (D + AD,) ulk).
(10)
He RohE 8 A4,044,AB,,AB,,AC, AC,
ADy,AD, BRI
[AA Ay ABy AB,
AC ACy AD, AD,
FF' < I.

] - [zl]F[El E, E; E4],

(11)
XH, H,H,E\,E,, E, E, RIE N HERNE ME
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CEX 3 AR THA R XD ABERE

(A + AA)"P(A + AA) - EYPE + M

(Ag + AA)TP(A + A4)
MFHRREL10) BT X ZKBRER .
B, RRLK(10) BT X wEER, et
FoAWRER(1)M A4, A4, FREFH.
EIE 3 MTHAEHXNFRER Q, R MRS,
TER 1R, WERFAE R A FRAER PR M > 0
FIFH ey, e, WK (4) AT HEIH LMI

2:[L ZT}<0. (12)
S 3
Hb L 5 1 R,
HIPA HIPA, HTPB, 0
S, = | (e1+€2)E; (er+e)Ey (er+e)Es 0 :l,
0 0 - HiS HIQY?
A"PA _ E"PE+ M ATPA,
0. AT PA AlPA, - M
BTPA - §'C BTPA, - S"C,
Q¥ C Q2 Cy

MAZL ()W BEEREN THARER (1) HAH
EYEERT X B E B (Q, S, R)-FERUN.
H5H 2 F

_ATT 4T

Dyl e
—— O]
jw o I -
—— =
Iy

r
o
L
o

(P + PH\(e,] - HIPH)HTP)| "° |+

ET[ETY'
Ej || E3
E3 || E3
odlo
XEFR e, Wi e/ - HIPH, > 0. M|

RA(4) R

(A + AA)TP(Ag + AAY)

(Ag + DA)TP(Aq + AAy) - M <0
- eI + H PH, 0 0
3, = 0 —(ey+e)I O
0 0 — g1

M &S (10) ) BB R Goxd FRTA W R (1) BA#
SEPEERRS LA E HH(Q, S, R)-FERLAY.
i efRiERM, 2
R
c Cy Dy
[A+AA Ag+ Ay By + AB)
C+AC Cy4+ ACy Dy + AD
BT 1 RE 33 A, QR AFE FT X FRAERE P A
MM > 0WER(4LTFX

ATPB, - C"S c' 2
ALTPB, - CIs ciQv?
- ~ . - <0
BYPB, - DTS - 8'D, - R DQV?
Q* D, ~ 1
0
.Qg01+ —STH2 F[El Ez E3 0:|+
QY* H,
E
E; T T TN1/2
F'lo 0 - HIS HIQYV’] <
E3
0
0

0
Q1 +e3'| STH, [0 0 -H;S H;QV]1+

QY H,
EY
ET
€, 1[151 E, E; 0]
E;
0

SHEBERIER e, o7, X8 0, BAGAHENE F
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- E'PE+ M 0 - C's cTo ETITTET]" 14T
0 -M - Ci$ ciov? El|| E] Aj
0 = T T T o1 |t &l + (P +
- S'c - S'c, -DTS-S"D,- R DTQ" ET|| ET BT
Q2 ¢ QY2 ¢y QY2 D, -1 0l o 0
PH((e,I - HTPH,)"'HTP)[A A, B, 0].
2R (12)RSLET, B Schur #MEFRALEA Q < 0 BTVB, - X"UX,
JROT., EBARIE . W= M- ATPA, - (e, + ) EYE, — ATVA, —
BRI A N RS (10) 7T il e, - Yl z-y,,
WERRERAE u(k) = Ke(k), FREARRK T T oo o
A = Y22 + Y12Z_ Y12 + (Y21 + Y12Z_ le)W_ (YZI +

Ex(k +1) = (A, + A ) x(k) +
(Ag+ M4 0)x(t - d) +
(Bi + AB) w(k),

12(k) = (C, + AC)x(k) +

(Cy+ ACHx(k - d) +

(Dy + AD) w (k)

=Xk B (Q, S, R)-FERUK, ALY

A FR O B AR AR R H A X B

[AC+AAC] _ [A + B,

C. + AC, C + D,

FIF S 3, R XM T 28 2 MIEP RS, AT L

BE T e,

EE 4 XMTAEMXRERSE Q,R MRS,
RV LT, MR FRAE R PLAERE M > 0
KIEE e, 60,63 HERA) FO < 0, XHOREHE
EHIF S HLFMITATPA - ETPE + M#ATPA
- E"PE + M - I'"A'T, 3 MERFE SRR
B3], MRS (10) FIELICIZRE RSB k8 FE
B AR, mOEEE ST R w(k) =
- A ' (k), H
V = PH,(e;I - HTPH,)"'HTP,

U= QY (I-e'QY H,H]QY?)' QY

X = D+ e3'H,HTS,

Yo = ASPA + (e, + &) EJE, + AJVA + CJUC,
Yio= BTPA-STC+(e,+¢,) ETE + BTVA+ XTUC,
Yi = BIPA4—S"Cy+(ei+e3) ESEo+ B VA4+ X" UCy,
Y= BTPB,—S™D,+ (e +e,) EYE4+ BT VB,+ XTUD,,
Yo = BYPA + (e, + e,) EJE, + BYVA + DIUC,
Yy = B3PAy + (ey + ) EJE, + BjVA, + D;UCy,
Yn = BiPB; + (e; + o) E{E4 + BIVB, + D;UD;,
Z =DTS +S™D, + R - BIPB, - ¢;'STH,HYS -

(13)

If] . [f{:] F(E, + E4K).

YLZ7'Yp) + 631 > 0,

I'= Yo+ YhZ 'Y+ (Vo + YLZ'Y )W ( Yy +

YiuZ'Yy).

RR TR W, B S 1 g 2
5 452 (Conclusion)

PR TR BB LRGN B BB
R GELE LMI 73, 43 0T T R AR R &8
FERUM: , IEFI I Mis, 25145 ) RAC A2 R B R ™48
FER R & 45 4% FEBURE T 2% A7 7 R A R i 7
B SR, AUE SR He X &8 He £ 17]
B, ELBAR T SCHR 13, 14 (I, T EL#A 1 T 4 —
PIRESR USRI B L LR G HRTTF R BRI
R, Q0 IE SEHS T, R B 2 B4 i () R4S
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