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Robust H., reconfigurable control of a class of

uncertain Delta operator systems with actuator failure
XIANG Zheng-rong, CHEN Qing-wei, HU Wei-li
(Department of Automation, Nanjing University of Science & Technology, Jiangsu Nanjing 210094 , China)

Abstract: The problem of robust H,, reconfigurable control for a class of Delta operator systems with parameter uncertain-
ties and actuator failures was discussed. Under the assumption that the outputs of undetectable faulty actuator were arbitrary ener-
gy-bounded signals, a sufficient condition for robust stabilization and a method for the design of comesponding controllers were
given. The controller could not only stabilize the controlled systems, but also guarantee H,, properties against all admissible un-
certainties and actuator failure. A numerical example was given to show the effectiveness of the designed method.
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1 5|5 (Introduction)

50 2 BB UL T B R R TR /NRT
BIBRERENTER AN TFRELR L, EF
REKMITEVLPEHRN , S5 RRER LR EHE.
st , B BRFKIEFIAIEL Y, 3 BUR R AR5 T
. M I, Goodwin 2% A [V & 15k i Delta B 73k 28
BALRSG, BEt e - T 55| B MBUE A E M
B, X EREAEN A TESBMNS XTI T
BAFREBIRRIT. 1145 % Delta BT REMBIR
BB THZBEENT T EWR, HA L HmmE
TR0,

ZA3CEE RT3 ) B |, 383 3 Rk RS T 5
FRRS (FDD AR , 20K A TS 0 S R i A 15 S 0 7
FAIRTMESHEET,ET H. THRMHHE
BT 2R BE TR NS B A E Delta
BTrREVNSEEHENIYTRE. G AN BE
Bl FUREA T 24 305 B i Bk

e B 351 :2001 - 09 - 105 W4 S0RR B 355.: 2002 - 09 - 09.
ELWE : AR A RP¥ES (60174019)FFBIHE .

2 )R B & AR (Problem statement

and preliminaries)

XT3 Delta BETF RS

{Sx(t) = {A + AA(e)]x(e) + Bu(t) + Gu(2),
z2(t) = Cx(t) + Du(t),
(1)
Hrh 6 R Delta BT, x(t) € R* HEGZEREE
B,u(t) € R" RHEHBA,0v(t) € R FEHFTHR
ISP R TMARE, 2(:) € RP HEHHHmE,
A,B,G,C,D RREELHEBMWE M EBUEHE,
D'C =0,D™D = R > 0,A4(t) HRGHETEERH
B, HWR AA(e) = HF(O)E, KPP HER™ HME
€ R RERMBEHIERE, F(1) € R HE
F'()F(t) < 1.

AXHMERXMNRE(DRITRERBEHRSE o
=- K«(t), IS TR

1) % o(e) = 0B, IR REIERE;
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2) EEWMBRFGT EERTHREA 0(0)
€ L[0, o), BN () MR
I2(e) 12 < ¥ I o(e) [l
Koy > 0 HATEM Ho HERBIEAR, || - | 2 8 Ly[o0,
) fa g, & LN )

(o), = [Eov'r(z)v(t)dz]m,

KE S7(0)d RRESA1) M Riemann B

A5 EEE E Riemann 1.

31®1¢ 4 ACR,HER™ ,ECR*"HI
Q = Q" € RV RATEHIE, BREFAEXNFRIEEIE
B P #1715,

1) H'PH < I;

2) AT"(P-' - HH™)"'A + E'E + Q < O.
MXSFRAWE FT(1)F(1) < IRFQ) BTIA%E
AT

[A+ HF(1)E]"P[A + HF(t)E] + Q < O.

3138 25 HBEINT Delta BT RS

dx(t) = A, x(t) + Gou(r),
{z(t) - Cx(1). 2)
F A E B Ho PERERHR ¥ > 0, T51 Riccati AR
(TA, + DPG.(¥*I - TG'PG,)'G™P(TA, + I) +

ATP + PA, + TATPA, + C*C, < O (3)
BAEEXNR®E P, HW R &M
y*I - TG'PG, > 0, (4)

M FEg(2)#intesE, HilR
Il zCe) | 2 ¥l o(e) | 2-
3 #¥ H,EH¥EH (Robust H,, reconfigur-
able control)

&0 i1, m] RRPA TTHER A IR
AHRES. BEAEPTRBAGSET L0, =)
EARNGESES, SN THRERAGSEE
R () BFHAIRKTIRGES. S0 RRQ W
%b[%,glﬁiz#ﬁ%,iﬁ/\ﬁﬁ B 1 D W L) 4y @
7:‘] 6,7]

B=1[By Bgpl, D=1[Dy Dgl. (5)
RERBIEREE K, BUERE R = D™D > 0 fiig sl
ABE u BT LASM RN

Ka Rg O un

K= [Kn]y Rk = [ 0 Rn]’ v= [un]' (6)

4 0 FRQ FREMEN M EE 0 BR o
BHE,7c 2 - o ERATRMEENES,

uy (¢) RN A T RS EHTHEBARGS,
HPET R R A R, LA S MR S R
(FODEAR REM ARG . BEWE KRR
H

Ox(t) = [A +0A(e)]x(e) + Bou,(t) +
Buf(t) + Gu(1), @))
7 (t) = Cx(t) + Doug(e).

EHE 1 XTHEREMERIES r > 0, INRFF
FEIEEH « > 0, {#48 T5 Riccati AER
(TA+D)"(P'+ TB,R;'BL - vy *T(GG"+ By_ B ) -
eTHH™)"'(TA+I)-P+¢~'TEE" + TC"C < 0 (8)
RIEEXTHREERE P, HHRE
P! - y’T(GG" + By_.B},_,) - STHH' > 0,

(9)
A
v(t)

1 % (u;(t)) - 08, R LADERE;

2) EFEVMRAH T, SHEBHTHEA, o(0)
€ L,[0, o), Bt 2, (0) HR

v(¢)
la() ;< 7 (ug(n) ;
BRI S A 28
(1)
°e (uu:(t))’ uy (1) = - Ko (t), u,(2) =0,

K; = R;'BI(P~' + TB,R;'BY - ¥y 2T(GG™ +
Bo_BYS..,) - eTHH")"'(TA + I).
(10)

B
]|
&

= (T - ¢)"H,
= (T/e)'?E, A = A - BK;,
= (P - y’T(GG" + B,BY)) !,
Q =- P+ TC"C + TKIRK,.
3k (9) AT 5
(H")'H' > (P~' - y?T(GG" + B,B))-'.
(11)
MARXR BB, = By .Bh_, KX (8),&idHE
FAE
(TA + DT(P' - y2T(GG™ +
B,B}) - eTHH")"'(TA + I) - P +
e 'TEE" + TC"C + TKIR,K, < 0. (12)
B (11), (12) X513 1 7748

| "ot
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(TA, + DY(P~!' = y2TBBT)"(TA, +
I - P+ TCC, <O. (13)

A, = A+ HF(t)E - B;K;,
B.=(G B, C = C- DK,.
5|32 TS E R 1 oL .
4 BF (Example)

BT AHE Dela BT RS
ox(t) =

15 -20 5
”: 5 0 —5}+ AA(t)}x(t) +
-5 20 -15

3.33 1.67 -0.33 0.001
|:—1.67 1.67 0.67 {u(t)+]0.001|v(s),
3.33 -2.33 13.67 0.001
0.0167 0.0667 0.1667
0 0 0
t) = t
z(t) 0 0 0 x(t) +
0 (1 0
0 00
1 00
12 t). 14
e 1 0 u(t) (14)
0 0 1

Hdr = 0.01, 28R8F 0A() H 2
AA(t) = HF(t)E =

[O'l 0}[1 0][ 1 0 0]
0 0 - . (15)
0 o1 o fA(il1 01 0

BE Q2 = {uy, us} RETRER M BEAIITRSE
A BUREERM T H0.005s,/(¢) = sin (0.31) , &
GEEREN,

x(0) = [0.002,0, - 0.001]", v = 0.1,
i 1 73R8

K; = [0.656, - 1.196,0.546].
Zuk, MR RGEE, B2 Ho tERETSIREK .
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