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Improved method of H-infinity control for

a class of linear time-delay systems with input delay
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Abstract: A method of LMI(linear matrix inequality)and a kind of Lyapunov-Krasovskii functional based on “descrip-
tor form” are applied to design H-infinity controller for a class of linear time-delay systems with input delay, which is via
the memoryless state feedback control. Less restrictions and low dimensions are realized on unknown matrices, resulting
in a less conservative and simpler sufficient condition. Disadvantages and their improvement are also proposed for the old
strategies, and proper algorithms under special situations are brought forward with some feasible numerical examples.
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1 5]% (Introduction)

AR, XTI R ) Hoo 12 Il L2 HUAS T 48
KRR SC1~3145 T 35 T 2R MR A I i R
GiHoo TG ICHZ BT AL R AS S5 1. M 2 1 I
e ELAA N I PR 2R G AL SC[41 P A0 IR K, AB TR 2
FETALSE ¥ Lyapunov-Krasovskii bR £, BARFF 3 1K
AT I (R RS B 4% i, AR e S R b 2 K
X B AN A SCEAT TROK, B0 7 AR Sy %, i HLAE K
il I 5 L S A e R R R, TR AR TR A L
R, PR AR TP SO R B ANAE 2K 5L T-“descriptor
form”ff]Lyapunov-KrasovskiiiZ i /7 V2 JF 46 75 I iy 5
G AR S 45 30 R BT~ R I P BOR

A, DRI 208 PR DR ST PR DR, (2 X 2 4
o R 2 R AR ECR v LML, T HLAE SR g o 2 v
T R4S BILMIE AT 75 220 5 L850 B A Ry o2 11 TF
AUTI01 AR A R T AR S, T N I 1 R
GEA T HeAS BN ISALT A S N ISP IS R 45 5, Bl

eAe H H: 2004 —11—24; Wi ook H 3#3: 2005—11—15.

NS T R G H T e i€ — RENKSH
AKSEH, M B4R 5 7RG 70, BAHA 2
W ) JE (ILTEE3).

BEOOE IR A I HL BN I A Y £ PR R
g, W90 % 28 R G IH P I ) 8, A A I
T 3C[L~ 1] I AH OC 28 428 1) J¢ ik T-“descriptor
form”[fLyapunov-Krasovskiiyz b8 [/ 55, 8 5 48 25
}J 78 53 AR I AF Ly apunov-Krasovskii B8 £ 4, AT 78 AR
PAfE Lyapunov bR Z07EHE Tk A2 v b T AN S5 UK
KIKBUIRZ e AR BRI AR A b, AN A 2
TR T7 AR T T AR ST PN B — R (LD, [R]I
P T SO T R A, IR T A
175 G0 T AT AR A S5 DL 31 OR <3 MR AL /DS L SIS
B, BUEDTEA 1A B ECBAE T A AT .
2 ja] @ 1 3% H (Problem formulation and pre-

liminary)

2 ST i AN IR PR 2 PR IR 2R 4

FEEIH K @ RBFEIE S I H (69934010); 18 -+ 25 5L 4 % Bh I H (20030286013).
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z(t) = Azx(t) + Aix(t — 1)+
Biyw(t) + Bau(t — 72),
z(t) = Cx(t) + Du(t),
xz(t) = ¢(t), Vt e [—7,0], 7 = max{m, 2}
(1)
AP x(t) € RYZIRE &, w(t) € R™ AT
Al i, u(t) € RGN E, 2(t) € R™H
ARGz, A, Ay, By, By, C, DA HAIE 440
RHRE, 71 > 0 RGURAE WL, 2 > O REGE
BN AL, 0N RGVIAIRAS R L.
ASCWFFTR H ) 6 T 45 ) Hy > 0, ROE
RGURAS & T I, an ] Bt — AN I AH OC B
A Sz

u(t) = Ka(t). (2)

HH K = K(7y, 7)) 0 5 3K 145 ) 85 19 55 50 B, AT
BRI RGER, HilLz], < v|w|,dt
|- )|, Lo YD)
I 16 X FES4ERINX, Y,
XYV +YTX <aXTX + éYTY, Vo> 0. (3)
MHT B S 4EE B M, W Ha, b
—2a"b <
a] @)
b

a]'[ x XM
bl | M™X (M™X+1)X(XM+1I)

3 FE4E (Main results)
X (1) QP13 RS IRETTRE A
Bl'l,U(t) + BQK.’E(t — 7'2), (5)
z(t) = Cz(t) + DKx(t).
FH 3C[5]H “descriptor form™ 1) J5i%, & x(t) = y(t),
JUES)
0=y(t) + (A + A, + ByK)x(t) + Byw(t)—
t t
A [ yEds—BK [ y©d  ©

Xt R 4:(6), Bl Lyapunov-Krasovskii 8 £ 4
Vv (513 t wt) =

2 0
Vi(e, wy)+ ZI
=1

t

y(5)TQsy(s)dsdd+

t+6

2t

Zf x(s)"S;x(s)ds. (7)
i=17tTi

;H\:q:“/l(mtywt) =" Px, U\“J‘/l(wt,wt)?%?\?ﬁ(@ﬁ@
SHCH

m(wt, wt) = 2$TPy =

et ] F-

0 FI1L0
2[x" yT| [(])D 2] { [Am - yy+ Bl
SO ewy e

;E\]:F': A: A+A1+BQK,A1 = Al,AQ = BQK,
E

I 07 = P P
4E = P= [ e P
3 [0 0} 0 P 5 1, L9~ g M

REPT = PE# A #V; (2, w,) 5 51 A“descriptor
form” HAH[R], V (x, wy ) W5 R GE(6) M FECH

V(z,, w) = ,

Vit w) + SA[ ) Qult)-
y(t+ 9)TQiyl(:tl+ 6)]do+

S [e(t) " Sia(t) — a(t — ) Slt — )]},

=1
FRAK(®)FF
3 2
Vize, wy) = ()" Z0x(t) + Yomi —
=1
> 0 Qo). ©
=1 T
Hrp

o , _
PA+APT+5;, P-P+APY PB; 0 0
i=1

?

_ 2
P—PF+P2A ZTZ i—PQ—PQT P2B1 0 0

i=1 .
(P,B,JF (P,By ) 0 0 0
0 0 0 =51 0
0 0 0 O —Sg_

A1 5 1B (4) T 45

n<7i[x” yT]P[%A](MiTRZ-—kI)R;l(RiMH—I)-

o ane ]+
2 ;Ti y' (s)dsR; M; [0 fl?] Pt [;]

y"(s)Riy(s)ds+

R t y(s)ds = z(t) — z(t — 7;), Kk

t—T7;
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0
n, < " yT]P[A ](M?RZ- + DR (RiMi+

?

o AT1P* [Zj] + ft; y*(s)Ryy(s)ds+

2(z(t)—z(t—7)) " R: M, [o Aﬂ PTm.
(10)

Hd: R, (i = 1,2), WE—IEEHM, M, (i = 1,2),
A3 2 AR

HUEEHFER, = Qi AW = A M Q;, X (10)1%
AT(8)(9)1F

Vi, wy) < &5 ()T 525 (t). (11)
Hrp
(3, 5y P.B, —PW, —PW, P 1<VV1+A1) P (W 2+A2)-
x Mg PoyBy —PoWy —PoWVy PyWi+A1) PyWotAs)
* x 0 0 0 0 0
x x xS 0 0 0 )
x x % * —S5 0 0
k% * * —'Qy 0
ERERE * * * 5 Qs |

2
23:ZTiQi_P2_P2T7
i=1

_ 2 2 2
21 :PlA—i—ATPiT—’— Zplm+ ZWZTP1+ ZS“

=1 =1 i=1
_ 2
Yy =P—-P + AP + > WP,
=1
FE 1 A0 51 B @) A 2 R 3)BE T
K, BARSF=AB R M, (0 = 1,2), (HX@)
A3 57 PN 27, 81 SR T K@) ik
J7 X, ERFIAEE Ry, My (i = 1,2)[0 4503 4 2n, 4

sk A Al ] = [V e
R0 FHE [T yT]ﬁBL-] =12y P[] A = TR+
y T Po) Ay, 13 R, My (i = 1, 2)4ER0Y Jyn, KRG T
Ji THT 22 5K LM 4 5. S0 A A9 = A2, (7, 81 W =
R;M;P, T RIEWITES W; = &; P, Hovp e, W2 5L,
XFEA — 8 R BE A Ry M AN — 58 5L — H HO0
FBE e 1. TASCHTAW; = A, MEQq, M Ay, Qi AR
(RVHE B AT KA, BR T4 38 4 RO B MGT A7, Wi, A,
QiFEAREANE ML TE M A RBRIAT), sk T <5 k.

AR GO Ho R 1, 2 WG MH o(t) = 0,
W T > 0 & ey > 0, F

JT:J;T (272 — y?wTw)dt <

jOT(sz — PwTw + V (@, w,))dt =
jOT[(cx(t)+DKx(t>)T(cx(t)+DKx(t))—
VQwTw—i—V(:ct,wt)]dtgf;;ET(t)éaE(t)dt. (12)

Hrp
Z=E+diag((C+DK)T(C+DK) 0
—42I xn, 00 0 0).

W45 < O A 13T < 0, Ha(11) (12) 7 14 5 < 0%
TSk — AN TR A 5 <0, W E <
O34 [ e LLAR B diag( X, X, T X X X X), 4L
mX, =P X, = Pyt i FR@) R RE Py,
P, EPT= PEWI W], 2% & 215 (8 AR
W ORAEE, W2 P = ny/noP, P, = 1/ny P, Hth
E"]nh nzj‘jﬁéiﬂzﬁ@lﬂ: Pl=X an/ngXl =
1/n5 X5, FFH1Schurkh 3| B 5 < 0240 T

(31 5 B -Wi W Wi+ A X Wt BoU J2(CX+DU)T ]
x X3 By —Wp —We Wi+ A1 X Wo+ByU 0
x x —y2I 0 0 0 0
2 * ok x =95 07 0 0 <. (13)
% % * x  —Sy 0 0
* ok ok * * —7'1_1@1 0 0
x ok ok * * —TQ_IQQ 0
* %k * * * * -1

Hor:

o= (A+A1)@X+@32U+%X(A+A1)T+
1

ni niy

= ng — Ny
Xy =mno

ni

n Ny 2. - no 2. _ n 2 _
2(BoU) 42 Y Wik 25 W+ (2P 3S,,
ni n1 =1 n1i=1 ni =

n n n 2 _
X+ 2X(A+A)"+ 2(BU) + 2y W
ni ni ni ;=1
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_ 2 ~ _
S5 =n3Y.1Q; — 2n2X, S; = XS X,
=1

Qi=XQ;X,W; =W;X,i=1,2U =KX,

HH UL T4 4 T 21

EE 1 0T N I G I R GE(LD),
R U, Wi (0 = 1,2), IEERFEX, Qi
Si (i = 1,2), IEH$n; (i = 1,2), (3L MR
B AN S S(13) AT, TR P 428 1 9 (2) A2 7T R E 1,
HHo PERETEFR /N 145 7€ 1) Ty, 12570 2 189 7 RE P
MK =UX"1 )

ik ATLUE L, WURARAERE U, W (= 1, 2),
EEHFEX, Qi Si (i = 1,2), KIEH $iny, no,
A A AUI3) BT, T I3 2R (1) P 7 A2 T
FaE i, HXa2)m LU 2. JAMATLAB# {1}
LML HAR W SEAFH MU « e MR X, BIAT4F
K =UX"1  IFt

2 ERMLMIAD)N T2 B = 1, G AW
T3 o I8 T 2 013 AT AT 53 46, FLMI(13) AT 138 Q; =
X'Qx kW, = wixt WMEAMY = Wit
A = A B4, Ay = BoK = BoUX, X A, MY =
W;Q; AT MATLABZ: 1k 75 5 41 1) 53045 2 MG IR fi(—
FRAR 25 5 43 B4 i), L SR 2040 500 TG A D) 53-8 3%y, o (R
HELMI3) AT HA S M A1k
RS NG §rir e S E L VAN L

AR H L) 4 Hr(Simulation examples, im-

proved approaches, and analysis for how to

use appropriate algorithms under special sit-

uations)

D — A A A R0 1. HARSH
Lyapunov-Krasovskiilz & 7 VAM L, B0 5 &
SR RS

(t) = [g (1)] 2(t) + [(1) _(1)‘9] 2t — 0.4)+
0.2
[0.2] w(t) + 0'03] u(t —0.9),
\ z(t) = [0 1] x(t) + 0.1u(t).

wn BEH S 1 U7 ik, 8 AR O B BT SR
FILMI, DA b 2 55 5 i 2o AR ANk & FE Py
(i = 1,--- 9, L2 T e 1% 7 i &
REAT B 28 G0 A Hoo e 1 (1) A8 fift . S8 Y o B L,
Iy = 0.0009, K = [—0.0000 —10.0000], HZA:
KM (i = 1,2) R, FIUILA S 7 043 02/

(R LR ST 1 S FH A

iE 3 TR A I R B, ST~ SR, R
Hf iy = Ke(t — W BEREAL 1 =7 =7, B
R IR i 5 J N IS i 2 HOR 45 B0 Ry 48157, 9THIR ] T
FE Fdescriptor form” Lyapunov-KrasovskiiiZ g, H.# 1
TEEM TR TNE (WG — T REu = —pu(t) + pu(t),
o> 14 — u, HEE=col{z o} AFRELEL R
FRGRRNL BT R R I 1R R R KSR R R e I s
M ) — S AR TR T AR T 5 p > VIRAERAE, 1T
HAED, 91 P #4R I 45 K 5 I Rt 22, iz IriE It
Aoy AT REARE B a2 R w T H,
i =u=—pu(t)+ pu(t) = —pu(t) + pu(t) = OEPFEHI
BN wl AR T HFRCER p — ool At — ooltf
A, X5 L7~ i e = Ke@@)W o =
K& () AET A&, B [7~91 9 (45 10 A7 7E il L.

2) ARk NI = 0)Hz@t) =
col{ Ca(t) Du(t) }OBI T 15151 K BLAT i)
H F“descriptor form”[#JLyapunov-KrasovskiiiZ P&
JIEAA L, IR AN N H N IR ) R G

()= [g (ﬂaz(t) + [_(1) :;_g}x(t —0.999)+
[ + [ Juo,
2T ={[0 1]=@®)T 0.1u(t)T}.

W % 4§ Lyapunov-Krasovskiiiz B [ 45 gln]
3y = 1.8822, K = —[0.10452 749058], HI 5l
i K@) AT K HE T B R 4 Rl
v o= 022844, K = [0 —182194], 7N 3 T
“descriptor form”[f]Lyapunov-KrasovskiiiZ P& Jf i
MBI X @FATHR, HA W, = QiM;P =
e PSR Rl 45 B W Ble = —0.3, v = 0.1287,
K = [0 —1028500]. H&E10] 15~ = 0.6840,
K =[—0.0000 —3.4994], HZ&ARH MIH .

E 4 R LR LR TR AR A, R A
fR) 2 A ST T WL I A7 AR, A BEAR ST~ FE 4 P24 Rl
AN EEAR AT VSR W 2 WL TP JE R, o2 3L,
81 A W; = R,M;P = ¢; PEIR R, A J FRPEH AR K P,
Hoe;— MBS AE, FEOR <3 2 5 4R L AT 203) 1) SC[91ZE /D,
B AL A Py = ny/naP, Py = 1/na P—R T Py, PaIf
B R AR e — 2 PR sy kP L, 24 BRGEAN AT S A IS I,
KHSC7, 81 J7 G A~ Itk dae /D, PRI Z5 18 (1) DR ST PEANY
IR T7 3B R, 117 L% B0 ST A S, T4k
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I “descriptor form”[) PV S & 4 il — AN 4EARIEAT TH .

HH e T] DAAR 245 A — Fh 5 VA e vT LA AR Sk
il PUAS/ IR ST, SCREASHH IR SC[7, 91 w = O
FJEWE? Al A7 a0 AP ot 7 R 0X L 2 AR
o, WAL JO A e S CE e S):

) WiE—F &2 mu = —u(t) + u(t), BAR
XA RGAE A RO W2 fEm —
Oifa — w, A2 E3[7, 9 H 8wl aftA &)
A = 0T E. ¢ = col{x tal, RJa
TR AL T (7170 (0 4 S A A5 1 B 02 W 2R
I TR VAR NP S 1 ol | N E s T VAR B N
PRI I i Z A e — D, B ult — 741) =

!
> Kiw(t — 1) (Tig146 = 7o+ 141, T NEIN

HWEHL 7, (6 = 1o 1) WIREIHZ ),
HE = col{x Tuy T4 ) S, = Kz,
BTG I 2R 8 o B v, R T LUK P, RS
/N,

2) X T/NRRSR, Witinu = —a + un]
fFElu ~ u(t — ), EFER A LIC 2 R B
BLLE = col{x 7w FCR AT D12 & it 458
HE = col{e mpay Tor41 841 1) A [ B
B 5 R RS T RGERASTTHE, A
AHE) ZA T — NI S 5em — 0, 45 K fgAl
kT 5.

S M3 EAE Y R G AOIR AR B Oh R
s, SR 3O 3R G e A2 R A B4 2% 1 1R
S AR D I 4 g L7, 81H W) 45 R—2E T“descriptor
form”[¥]Lyapunov-KrasovskiiiZ i T 5| A 1 P4 il — /> 44k
BEAT VRS 2 B GEAE 5 A PR B 1) ) A oy A o N
T, TS 0 3R 450 A A0 v S R A v SR FH A S
FM4E 8, N KRGS HAR S Bkl w4 R A
TR SO I S 1 R G0 D R R D TN R 4, R
RO 7 22 2) )s — MR I I A ) TS A 5T
BRLCTRT{a s, A2 R B 3 A 8 22). ERT U, AT ] &5 1 (9 1R
S S AN SR Aa06E 1), 6 LA ) L A4 43T
5 458 (Conclusion)

AL A H R SR — 2 N I S IR 2
P R G0, W% R G0 W H o 348 ) 1) @, A1) FH —
Fi 2 T-“descriptor form” [F]Lyapunov-KrasovskiiyZ
BR IR T IS 3 110 26 PR BEAN 25 X (LMD 7 1%, 78
13 S i i s i e B N AT NV R O KR
BT AE PN R GRS H A H oo Tk BEFR AR 1) 78 53
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