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H-infinity control with dynamic output feedback for

uncertain impulsive systems
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Abstract: The problem of robust dynamic output feedback Ho, control is investigated for uncertain impulsive systems.
Two types of impulses are considered: one is destabilizing, the other one is stabilizing. For each class of impulsive
systems, sufficient conditions for robust stability and weighted limited Lo gain are developed. Furthermore, based on linear
matrix inequalities, sufficient conditions for the existence of dynamic output feedback H., controller are derived. Finally,
numerical examples are provided to demonstrate the effectiveness of the proposed design methods.
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1 5|3 (Introduction)
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Ho:z(t) € RUZRZENPRE, u(t) € RMERS
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FAREN, y(t) € RIERGEMIMET, 2(t) €
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Z(t) = (Ay+ Dy Fy (t) Nyp)Z(t) + Hyw(t), t#ty,
I(tT) = (As + DyFy(t)No)Z (t) t=ty,
2(t) = (Ey + DsFy(t)Ny)z(t) + Hyw(t).
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3 EFEH 3 H(Robust Hy-control)
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(D)), BAETRE], 24t € (tr, trya],
V(D) € eV ()
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V() + 2z (t)PHyw(t),
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V(tesr) <e PV () +2f a(s)ds, (11)
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W%Q\Wm+mj s)ds.  (12)
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* £299 + 11 P1q NlT (26
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i * * 0 —e'I
(17)
[—uSy —pl S, AT AT SyNF 0 ]
x —uPy AY ATP, NF 0
* * -S -1 0 D,
* * * —Pi; 0 PuD, <0,
* * 0 0 —eol 0
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x« % @y, HI 0 0 0

* % x —1 0 0 0 | <0,
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e
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ﬂ1:27ﬂ7

21 = 4,81 + BC. + (4,81, + B.C.)",

2y = Py Ay + B.Cy + (P Ay + B.CY)",

Qi =A + A", 0, = SH,EY + CTE],

Q17 = SuNF + CTNY, 206 = PyDy + B.Ds,

WIAFAE TE AN 2) ) it B i 4 ol o, o2 8 2X(16)
JE X, R T%??ﬁﬁ&irgf{tk — b1} = BBk ]
F%‘"U{tk} W RFEQ)E i fae, HEA AR
Ty AT PR Lo 14 2.
ik HSchurth, A& (4) & T
P+ ATP+ PA, N} PD,
* I 0 <0. (20
* 0 —e'I

76 2(20) 2 A7 P 53 5l e LA{ M, T, T} J e % 5 )
a2 X 17). XGPS A e {MT, MY T,
T} R FCoe R n] 43 2] X (18). 8B, w] LU W
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FEEFLREH2T, uo> 1, XM kb a] fg s
R4 RGN A e M. K, g bk e
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EE 3 ERFAGE By > 0, fEAEN TR
HIBEP > 0, bitie; > 0,6, > 0, S LU FRIFEASE
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"ATP 4+ PA, PH, EY PD, NT
* —~v*ITH} 0 0
* x —1 Ds 0 <0,
* 0 * —;'1 0
i * 0 O 0 —&l]
(21
[P ATP NF
* —P+¢e,PDyD,P 0 < 0,
* * —eo1
' (22)

WST T AT AR ik i i T8) 1 71, PR BR R 48 (3) & s T il A
& HEA A I 1A R L3 5.

2 R R o, w2 58 FIB AR . 41 (22) 25 i 1]
HRGEQ)IMNE RS R e, Bkt e EH.
AT JoK 3 A A2 R A0 55568 Jik b 28 48 () A e TR A 3
.

R e BE211 A B 4 7 1k, WT LLAS B AH N (1) 3))
A4 RS AR - I 78 2 4 A

4 HIERHE KRG, P A
JE M By > 0, LS E briEe, > 0,60 > 0, /7
FEHEP, > 0, Sy > 0, A, B,,C.., Ag, {#3LLF

BRI A S UL
911 A+ AC H, &y Dy (4
* 9 PhH, Ef (2 NI
* * —y2I Hf 0 0 <0,
* * * —I Dj 0
* * 0 * —e ' 0
| * * 0 0 0 —61[_
(23)
[—Su —I SpAT AT SuNF 0
x —Py Ay ATP, N 0
* x =S =1 0 Dy <0,
* * * —Ppy 0 PubDy
* * 0 0 —eod 0
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4  HMHHIF (Numerical examples)
Bl 1 BN RGeS A4 H S TH 4 )
o8, Jerh RS HU T

4 - 0 1 A= 1.3 0.1 |
1-2 0 1.3
0.2 0.1 0.5 1

N = =

2 [0 0.2 G 0 1]’
0.3 1 0.5

> 0.1]° N [0.3]’

H2 = 03, E1 = [1 05] 5 E2 = 03,
N1:0.1I, D1:D2:D4:I,
D3 =1 1], N}, =[0.05 0.05].

TR B A 0 242 0213, BT LA L3R R 45 ikl
Peah AL, N e 2 vF 8 A R H 3
A(2). BB IS 8] (] B ety — tx—q = B = 0.5,
X FL 2Ky = 1, Elp = 2.8, e, = 0.15,
g5 = 0.25, £3 = 0.13, LMI(17)~(19) 1] fi#t, A1 ¥ f15h
Ak RS QRIS Hn T
—12.5124 —0.1817
—617.5018 188.1709 |’

C. = [6.0479 11.0301],

. _ | 13168 0.0063
7 12,9363 —0.3047 |’

A, =

B, =
~168.0540 —60.2795

—~1.0517 — 1.8333]

B4l T A0S v = (—2.4,1.5),
w(t) = sin(t/(t + 1)), tp — tsr = 0.5, Fy(t) =
diag{cos t,sin t}, Fy(t) = diag{| cos t|, |sin t|}, &
GURAAE_ LIRS R RIHAE T i sl .

BT BT PR R GERPIR A

Fig. 1 States of the closed-loop system in Example 1

B2 Gk R GE(D) B aS S BH . 17
e, I R G 4 e

0.7 1 —0.6 0
) A2 =
0 0.5 0 —-0.7
0.2 0.1 05 1
N2 = ) Cl = )
0 0.2 0 1
0.3 B

B- 0.5 CH, — 0.3 ’
0.1 1 0.4

H,=0.1, B, =[1 0.5], E, = 0.1,

N}, =[0.10.1], D, =D, =D, =1,

D3 =[-0.2 —0.1], N, = 0.11.
TE S B A I 1 2 42 020.7, IR RGE M kb 2 A e
RUE), ] € BRABEvE Bl A H S B H A2 ) 25 %)
TL 5K Py = 1, W, = 0.04, &2 = 0.16,
LMI(23)(24) 7] i, FH 1 PR 2l 24 S i 42 1 2 (2)
ZHT:

Alz

)

CQ -

4 _ | —187030 —02553
| —135.3866  8.8084 |’
[—0.7503 —0.0167

A, = ,
—0.8013 — 0.3764

5 _ | —80523 —117441

| —129.4567 —53.5444 |’

O, = [1.9476 1.6740].

B245 1 T UHIUIRES 20 = (—2.5,2.1), w(t) =
sin(t/(t + 1)), ty — tier = 045, Fi(t) =
diag{cos(t/2),sin(t/2)}, F»(t) = diag{|cos(t/2)|,
b RGUIRSAE LI 3 SR A

| sin(t/2)
NiEsh L.
4 T T T T T T T T T
2F 4
= 0 j\l/
ot 4
1 2 3 4 5 6 7 8 9 10
4 T T T T T T T T T
D) 4
= 0—/|J
ot 4
_4 1 1 1 1 1 1 1 1

1
o 1 2 3 4 S5 6 7 8 9 10
t

B2 2 s R g RSP
Fig. 2 States of the closed-loop system in Example 2
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5 Z5WiE(Conclusions)
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