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Output feedback dissipative control

for linear discrete-time systems with time-delay
SHAO Han-yong'*?, FENG Chun-bo?
(1 .Coliege of Electric Information & Automation, Qufu Normal University, Rizhao Shandong 276826, China;
2. Institute of Automation, Southeast University, Nanjing Jiangsu 210096, China)

Abstract: The quadratic dissipative control for linear discrete-time systems with time-delay is considered. The objective is
to design a dynamic output feedback controller achieving asymptotic stability and strict quadratic dissipativeness. First, it is shown
that the strict quadratic dissipativeness can be reduced to the solvability of LMIs and sufficient conditions are obtained for the
system to be asymptotically stable and strictly quadratic dissipative, and then the output feedback dissipative control problem is
addressed . Conditions for the existence of the out-put feedback controller are derived and steps for designing the controller are
given . The results obtained provide not only a unified framework for H-infinity control and passive control, but also a more flexi-
ble and less conservative design method for linear discrete-time systems with time-delay .
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2 [8) R F0FE B 1 43 4 (Problem descrip-
tion and dissipative analysis)
EETHNREENT RS

x(k+1) =Ax(k)+A x(k-d)+Byw(k)+Byu(k),
z(k):Clx(k)+C1dx(k—d)+D11w(k)+D12u(k),
y(k) = Cox(k) + Cogx(k - d) + Dyyw(k),
x(k) = x(k), —-d < k <0.

(1)

He. xER"ARE, w € RIAINEA, 2 ERFA

BRI,y € RABNEL, u € R™ AEHEA,

xo(k)(- d < k < 0) AVIRKM. A, A2, D, B;,

Ci,Cy,Dy(i = 1,2) Nl M4ERRC M RE.

4 u(k) = 0, NRG(1)E
-P+ W4+ ATPA - CTOC, *
ATPA - CT,0C,
- S"c, + BTPA - DT, QC,
FREHE a >0 U+ ol <0.

U: =

iZ
V(x(k)) = sT(B)Pe(k) + S (D W (1),
eT(k) = [«T(k) xT(k-d) w"(k)],

MTZEREQ)WIL, & — B ABEEH
Vix(k + 1)) - V(x(k)) + aw"(B)w(k) -
27(k)Qz(k) - 22T(k)Sw(k) — w'(k)Rw(k) =
(Ax(k) + Agx(k = d) + Biw(k))TP(Ax(k) +
Ajx(k —d) + Biw(k)) — T(k)Px(k) +
s (E)Wa(k) - x"(k-d)Wax(k-d)+
aw (k) w(k)-wT(k)Rw(k) - 2(Cx(k) +
Crax(k-d)+Dyw(k))"Sw(k)-(Cx(k) +
Crax(k-d)+Dyw(k))TQ(Cix(k)+
Cax(k - d) + Dyw(k)) =
e"(k)(U + al) (k) < O.

Xt k0B KR, EFMMHRZMNTH
<Z’QZ>K + 2<2,Sw>x + {w, QW>K =
alw,w)x + V(x(K +1)) = alw,w)g,

HMARF(2)™#(Q, S, R)-FEaL.

(3)

- W+ ATPA, - CT0C,, *
-STCyq+ B PA;- D}, QCy,

2(k +1) = Ax(k) + Agx(k - d) + Biw(k),
z2(k) = Cix(k) + Crax(k - d) + Dyw(k),
x(k) = x9(k), —d < k <O.
(2)
BEE M EBER Q.S R,
Al) Q < 0;
A2) R + DS + S"Dy, + DT QD > 0.
THEEGE™# (Q,S,R)- a4 4
&SR, BRI IR B FE RS T R LA .

EE1 R-QMHBRIBANLL. EFEP >
0,W > 0ff
-P+W * * * *
0 - W * * *
-s'¢, -8'c,, -DLS-S"™D,-R * x |<o,
PA PA, PB, -P
Ic, ICiy LDy, 0 -1

WRG(Q)EAtEEB™H (Q,S,R)-FEH#L.
iE HEHNKHRFEEPL >0,W >0, #

<0,

-R-D},S-S"D,,+ BT PB,- D], QD
4 w(k) = 0, HA ) B V(x(k + 1)) ~

V(x(k)) - 2"(k)Qz(k) < 0; HHMBE Al),

AV(x(k)) < 0. BMRGKQ)RHILIRER .
XBGEHMER | BREMEBETH RGN TR

WUV A, R BB R R R s H

) —RAL % E B — B T SCEk(8 1A 13 ]

R TR BERN M RE M B BT i RS ™

B RBIFERGIE. Y A, = Cy = W =0,L =

L" = (- @)'* 5, lEH 1 AT153CHk (8] ™45

CREFERGI ;Y Cy=0,L = LT = (- Q)'?HY,

HER 1 A8k 13 ] 5|3 1.
5XHR(7,8,12, 1340, R -0 BT ##

AR 7 40 45 3 P 48 e e 50/, Hm A Al F

VE AR ) AR ]

3 WHRBMEE(Q, S, R)-FEHIEZEH (Out-
put feedback strictly ( Q, S, R)-dissipative
control )

AR E MR RS R 2
{ §(k+1) = A.6(k) + B.y(k), £(0) =0,
u(k) = C.6(k)
(4)
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AR RRHIEERRE B (Q, S, R)-FER, X3k

B WMBHEEP>OW>O0ff

REH R (Q, S, R)-FEHIE K A . T mst [—P+W M x %
SRMRPIX AR . B 5, R (1) 5 (4 HBRL 0 -w * x %
MBRGEH . . _§C -SC;, -D'S-S'D-R * x |<o,
[:E(k+1)= Ai(k_)+Adx(k— dz+Bw(k), pi P, B P =
z2(k) = Cx(k) + Cyx(k - d) + Dw(k), _ _ _
~ ~ L LC LC, LD 0 -1
(k) = x0(k), -d < k < 0. .
(5) W = diag| W,0},
e (7)
(k) = [5"(k) £, M ARG (1) FAETE AN (4) 8% FRURE R SSF  IF R
L A BC.i A ¢ B GETERRE B (Q, S, R)-FERL.
[f iid _] -|BC, A, ‘B Coy | 3021} HEEFIR(7)XTFTEHZF S K Lyapunov 5B F
¢ G D C1DnCchDn PRIELRMR AR AN BRE IR L
(6) Mo, HEKMEWME. M, RAEBEH GBS HMA
MEG(S)MFAER | ST AT /58 R i ks WRMEEBEAE, Wi AT H MATLAB /) LMI T
(Q, S, R)-FEREEH I RE M ] f 5514 . ARG . AT, SIAUTIES
$, * * *
7 - 0 - W * * ¢ LC,; LDy, O] __[I '0]
"7 ¢, -s"cy -DNS-S"D,-R ¢ 0O o ol P " lo w
s %% 2N Pas
N - - I+ XW AX + BZC A
¢”=[—I+WX _Y+W] ¢”‘[ YA+FCZ]’
X I
b = [YAd + Fc2d] P = [YB, + FDJ P = - [1 Y]’
B =-S"TTCX+ D6 Cl, ¢ = L[CX+ DG C], ¢ =[X 0]
(8)
THOEHEE AN THEH R KA B, C. FIEXHERY A, B., C. Bl RFTRizH 28
FERE B P) B W] i R A A R BR ER B T . ZH.
B2 EHMEANEEN W > 0, FHRLHE 4 .
BEAEARGR X I Iy
v, v, X = [MT 0]’ o = [0 NT]’ (an
[vf% w] < RO
XF Y,X,F,G, HAEWTHE,MNXTFREN)KE P = XXi', (12)
HR™ % (Q, S, R)-FERUIE I (0BG fig, migEwl W
SBRUEGH R Y N My-!
F-NB., G- CM, P=[NT ><]=[ ><] (‘x HEFH).

H = YAX + YB,G + FC,X + NAMT, (10)
MNT = I - XY.

iE ®X,Y,F,G,HXNX(9) MATFTME, W 1 -
Xy wif. g (10) BHERE M, N, #HTAIE A,

(13)

TFEIEER(12),(13) F,R(7) 5(9) %M Epm] .

KDPEELAERN BT diagi XT,1,1,
XT, 1 ,diagi X,,1,1,X%,,11, 8%
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630 B oW B w5 M S E0E
- XT1X, + XWX, * * * * ]
0 - W * * *
- s'ex, -8'c;, -D'S-S"D-R * * 1< 0.
XTAX, XJA, XIB - XTx, = |
L LCX, LC, LD 0 -7
¥R OMOADKRAFFAARX(8),(10), ERE W
iR 1 0 0.5 0 1 0
& * * * * 7 Qz_[o 1]’ _[ ] =[0 1]'
0 _-Ww E *  x B MATLAB 5 #J LMI Control Toolbox f# A~ %5 X
L -8"C,y -DNS-S™D,-R x x |co (9T
T gL 81, ba  * ' [ 0.8455 -0.0151
Lst ey, 1D, o 1l - 0.0151 - 0.8458
(14) ) [2.3831 0. 0081
o Voo 0,008
. XWX 0 = ‘ ‘
$u = fu +[ ] ~0.0143 - 0. 1507]’
1 Schur #MAT L (14) 55(9) RS9 - 01682 —0.2999)
SR 2 AR B S R R N B R -0.03110.3776
Y. X, F, G, H B8R TI (9) % Fix 4 #i ik X ¢ = [-0.0296 0.0119).
AL, FUICECE T T ik R ke gy ORI
—FE ORIk B A SR BT moo |70 794 - 0.62657
DRE W > 0MEHREHRER0) 1, X, - 0.6265  0.7794
F.C.H; N [1455T 1.093s
2) hF(10) KB M, N; ) 11.1699 - 1.36074°
3) M YK FL G H M NRAR0) 18 4, BURREERESHEE
B.,C,. 4 _[-0-0472 -0.0264
4 {5 HEH(Numerical example) ©ob 0.9 -0.0198"
¥R WSEETCY _ [— 12.3639 - 0.0653
0.1 0.1 0.1 ¢ 2.0816 —3.6095'°
A= [ 0.2 [ 0.1 C. = [0.0156 0.0278].
0.1 ] [ ] 5 %58 (Conclusion)
"~ lo.1 0.05 AR LR B R R S A R R kB
c - 0.1 0.1 co 0.05 0.01 FERUE ML, 434 T REE LT E B kA
Florz ool €4 lor onl FERURI A, 45 T 4 HE R 1 B O AEAE 5 1,
D _ 0.1 0.01 [ —2B BNE T LIS BRE I ) R Y Ak A
" lo.2 ’ PSSR O] R L BT B RS H, #E A
c [1 - 0.1] [0,1 0.1] TRERBUR —ER, BT EERUEER RS
*“lo ossl” 7 0.11” TR BB R
Do - [0.1 - 0.1
2= 1o 0.30° £ 22 Uk (References) :
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