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Robust H., control of uncertain impulsive systems

GUAN Zhi-hong, LIAO Jun-feng, LIAO Rui-quan
(Department of Control Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: H., robust control of uncertain impulsive systems which has not been studied up to now is introduced and inves-

tigated. On the basis of algebraic Riccati equation, several sufficient conditions for robust Ho, criteria of the corresponding im-
pulsive closed loop systems are established. A simple approach to the design of a robust impulsive controller is then presented.

A numerical example is given for illustration of the theoretical results.
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1 5|3 (Introduction)

1EERB AR M2 NG PLEEAGER.EZ
e AR B R A S TR S R XU P R
FHERDNSBRHTAR . S R EHRFZ
RGO N EE WBFER | I s B
4 (R1 A  RBEBO AR AR R | 2 BT 5 8 W4y
P RS 3y AT U3 45 0 Bk v A R g R -3 xR
&L TS ROAERY A 4 0 T AR WIS &), 4L 7T LA
BRI N RN R RGER - EREER
85,645 R1E, REHESMERBZ P 550, 2
SAREEKHRENEHELM T BEAEEER
it & CMARR A LR R BT R, T8 AR
EMRGNE SIS, 43 ESE H, 5% 2 RS
FEOREC-Y EXFRAAEHERMRENEE
H ZHMARMAEZR. M, AXHERH TSR
PRk vh R L0 B B H, 355 98 . 2 F A B Riccati
Iy IE S 56 B AR B0 AR FE 118, 00T T A B A B E
BOhAFRGEATEE H BN T EEE, F
BHTIE TR R G0 RS B RIS 3% 8

2 a1 #5i& (Problem statement)
W E R H R RN
2 (t) = Ax + Bu, t = t;,
{Ax = L{(t,x), t = 1. 2.1)
Hf « FRGERELEER,u NELEEHEWA,Ax =
x(tf) — x(t), A, B B LHEBMERE, o J Bk
BEKER S REE(2.1) LEFR LA BFERITRE 2" (1) =
Ax FEAN T RNIELE () 26 B0 ¢ = o B, %
FAu(e), TME:L = 6, FRERS I T ERA
L(t,x). B, SREQ.1D)BRAARHERSIN, R
ITUFAEE H. BRI W ES T EHARTZR S
) 38 ) 1 i a] R
ZERAWMTIEXNWELERKP RS
x = Ax + Bu + Dw, t % t;,
z = Eyx + Eyu + Hw,
Ax = cx(ty), t = 1, (2.2)
x(t) =0, t = t5 = 0.
Hbx e R-ARGERETR, u € R" N m Ei=H
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WA, w € R EIHTH,: € RREFRERAEHNTE
wiE Rk, A€ R>",B € R, D € RLE €
RP*", E, € RP*™, H € RP HHBIERE, o AEE,
Ax(t) = 2(t*) - x(t_),hl_i’r(?+ x(t - h) = x(¢7),

lim x(¢ + &) = x(¢7), 1, BEBKPPBEERE &k = 1,2,
0"

cralg < 11 < 12 < v LK b < L1 < o (k—

®), #'L‘:’Lﬁ%hm x(ty —h) = x(ez) = x(t,), BRBK

hRG(2.2) E‘Jﬁ x(t) FE 1, ZEVELE.

FTaEmities  ZRAREHK | - | FL,(0,7T)
ZERMES MIBAEHEBET > 0,0() € R',
E

o ll 7 = (] Nty 17ae) ™ < ([ wroywterar)

(2.3)
Hbhmaag lwl = (Z W, w = (wy,,

w)  FFIEHAHER | wlr < » BERZEQR.2)F
e w(-) &R Lo, T].
AXBHRMEBRE B 7 > 0 BUELE, 3

AR Q.2)RIF—RERFEH R
u=-1Lx (2.4)
RN AR RS
x' = Arx + Dw, t = &,
z = Erx + Hw,
(2.5)

Ax = ex(t), t = 1y,
x(t) =0, t =1 =0,
WREMTHEE H, =N .
a) % w =08 ,MRREHERE;
b) IMEZEH T > OFHEE w(+) € LI[0,T]1HH
lzllz < v llwl,. (2.6)
B A, = A-BL,E, = E, - E;L,LEm x n &R
ERHER.

EERMNEABIUTIES: A= B4 > B)XR
NA-BARHEFEEN(ETER), KPP AMBA
FIBTXIFRERE; 5 CT &R C ¥ E ;2. (D)
Amin( D) 53BN D MR KB /DFIEME; I R B
P, NRRABRBEHEE,x: = x(2).

3 FEELZ R (Main results)

BB/ —1TeE. aXM(9]FTHERE
4.13.3, 55 BB TRER.

51 ®PHAnBEZERE, QHn M XIFRE
B,Ux{EZ € R A

Amax(P71Q) 2T Px.
(3.1)

Amin(P71Q)xTPx < 270x <

T EGE(2.5),i8
B = igg{(l + )%, R = Y*I - H'H.
Hdr v > 0 AW,

EH1 EXHENER Y >0FR>0,-2
<a<O0,tENHXNBEBMEREQ > 0FHELe >
0, B

AIP + PA, + (PD + ETH)R™'(H'E, +
D™P) + EYE, +eQ =0 (3.3)
FEEEHSE P, WHAXKWRZEQLRFEE
H. PESEHEN] a)F b) .
W XFFRE(2.5),WERK VREH
V(t) = 2T (t)Px(t).
He PHGIAMECESERE. _

a) % w = 0B ,EARS(2.5 #HiLTRE. 4 ¢
€ (ty, 1] BFHLIEERZEQS)MBHE, HEER
3.3)X.F

V(t) =

xT(ATP + PA,)x + 22" PDw =

- x"[(PD + ETH)R"'(H"E, +

D"P) + ETE, + €Qlx + 2x"PDw =

—[Rw - (D"P + H'E.)x]"R™'[Rw -

(D"P + H'E()x] - (Ex +

Hw)T(Ex + Hw) + 7w

- lEx + Holl? + 7 |l w |l 2
WIS 1L,AG.DR,

xTeQx >Ann(eP10)xTPx =
Amin(eP71Q)YV(2).
FREG.SHRHAYE w = OBH
V() + ,uV(t) <0,1€ (tk,tk+1].
B g = Am(eP71Q) > 0. #HTg
V(t) < V(ep)expl— (e = 1)), t € (s t001].
(3.6)

(3.2)

(3.4)

w - x7eQx <

- xTeQx. (3.5)

B RS (2.5)M(3.4)KH
v(ip) = "G Pe(a}) =
(1 + )27 (e)Px(te) = (1 + ¢)?V(g).
(3.7)
%€ [to,2.] B,

V(t) < V(toexpl — p(t - t9)],
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NITE:] .
V(t) < V(to)expl — p(ty - 20)]. (3.8)
K, X F ¢ € (¢1,¢,], H(3.6),(3.7)F1(3.8)
25
V(t) <V(if)expl - u(1 - 1))] =
(1+ Cl)zv(h)exb[— p(t -] <
BV(to)expl — p(t - to)].
HF RHG.2)) RAH MEEHEHERER <1,
Xttt & (41,8, ) BHE
V() <B*'V(to)expl - (2 - tg)] <
V(tgdexpl — u(t - t0)], t € (thy, 8],
WEIRTF t = to B
V(t) < V(to)expl — p(t - tg)].
EER vO) MRS BT V) BREEW, 2 >0,
W ERBHRERL(2.5) Y w = OHIERE.

b) EEHASL | 120 1% < w3

Bor , XBARBE T E (4, 4.1). HB.5) R4 €
(tk,tkn] i}

V() <- I Epx + Holl2 + 7l wll? - xeQx,
TE%
V(i) <s- Mzl + 7l wll? - 2"eQx,
213

lz01%2<- V() + 72 llwl?,
MO0E Ty LERSE

T T . T )
[Tz <= [ v(orae 2 N liar,
0 0 0

T € (tstya ] (3.9)
EEFVO) =0,V(y) >0, K -2< ¢ <0, A

J:V(t)dt =

t € (tyyther].

J: V( t)dtwLJ:2 V(t)d;+...+f:" V(t)de +J‘TV( t)dt =

V(t) - V(O) + V() — V(&) + - +

V(g) - V(i) + V(T) - V(i) =

V(t) = V() + - + V(o) -

V(1) + V() - V(i) + V(T) =

- Z (24 ¢)V(g) + V(T) = 0.

lﬂﬂt(3 9) =W N

I=0%=] Izl r?] Hwlide= 721 w3

XEPUERR T e H 1. UEEE .

T &L (2.5),ic

Ay = A + DRT'H'E,,

Cy = (I + HRT'HN)'2E,,

Dy = DR™Y?, Fy = (I + HR'H")'?E,,

By = B+ DR'H'E,, S = (FLFy)~".

H RH(3.2) NG

EHE2 BXWNAEWMER Y >0F R >0,Fy
A, - 2<c¢ <0,k €N BNAEMWERQ >0
MER e >0, EEHRE

(Ay - ByFCy)"P + P(Ay — ByFi'Cy) +

PDyDGP — PBySBYP + ¢Q = 0 (3.10)
FECHEMNME P, NEAXKSMRERERL5)HESE
¥ H. HERBHEN ) A1 b) MRS RIRERE N

L = SBLP + F3'Cy. (3.11)
iFE EEHE1F,G3)R2ELRHEFHE
ALP + PAy + PDgD%P + CHCy +
LY(FRFy)L - L"(F5Cy + BLP) —
(FCy + BYP)'L + €Q = 0.
EHH L = SBLP + Fi'Cy, W
LY(FYFy)YL - L"(F5Cy + BLP) = 0,
M. 12) BN

(Ay - ByF'Cy)™P + P(Ay — ByF#'Cy) +

PDgD%P — PBySBYLP + ¢Q = 0.

BEH |, XBRELEERIRGIOFEEER
AP N RERBERE LB 3. 11) X6, ARk
MRLEQ.5)EGEE HotEREHEN a)f b).

HEEE

HEM 2,8 LA Bk R4 (2.2) MRS R Bt
B H =W Bt ik

1) SRGE(R.2), BIERHF: -2< ¢ <0,k EN;

2D)BEY >0, MELHQR2DHER = T -
H'H,Ay,By,Cy,Dy, Fy, S, BiE R > OF1 Fi' M
FEVE ;B R AR ¥ BIR/D;

3) e =1,0 = I;

4) HEFEG.10) WFE P, IR P > 0, %3]
B MBRAHIHEN P, BN e, —HF
e LIRS e < 1BHARABI P > 0, M 3EIN v, 5%
FE 2) %

5 311 RitE L, FERRERIBERE.

(3.12)
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4 ¥ (Example)
B EREFWTERANTIHERKDIRE
(2.2) B84 H % 78, K
[ 2] -1 17[=] [0 1
Lxé]:[ 0 _2][x2]+[1 ol ¥

’Axl - X
5 (220
'sz - X2

'Z] [10][5‘1] [10] [0.5 0]
= -+ u + w.
Lz, 01ltx, 01 0 0.54

XEAEXREEMSHEWELMAL(2.2) k.
ﬂ)’: l,e = 1,(_): IEEL-Z( Ck =-1c«

—

0 1.5

y L,
*lis o]w 7 b

O.R = 21 - H'H - %I > 0,R™ = %1.
AT R8T 5| 4E BE
- -1 2
Ay = A + DRTVH'E, = ,
2 -2
2743 0
Cy = {I + HR-'H"}'\?E, = [ }
0 2/43
0 43
Dy = DR™'V? = [ ]
J3 0
243 0
Fy = (I + HR-'HD'V?E, = [ ]
0 2/43
et 0 2
By = B + DR\'H'E, = ,
2 0
0.75 0
S = (FLF)™! = [ )
(FuFn) 0 0.75

B ERATRAG.I0R, B

SRRATI BT

0 -2 0o -2
P[z g]P P[g ]P+e(_):0
K BER
b [0.5 0
0 0.251°
HAX(3.11)5E
L _[ 1 0.375]
~lo.75 1 1

PR RAIFT R ARSI AERE .
5 #5%iE (Conclusion)

EAH, RIARTHRHIEREERHAENES
B HEH S B THRAATERERZRHLES
B H RN, AN TETREHR
ERBHNEEEHBNEE X—HRAIRNESE
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