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Adaptive fault-tolerant H-infinity control

for networked control systems with actuator faults
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Abstract: An adaptive fault-tolerant control approach to networked control systems(NCSs) with actuator faults is pre-
sented. Based on a new network-induced delay model proposed recently, we design an adaptive state feedback controller.
A sufficient condition of existence of a controller is given in terms of linear matrix inequality(LMI), which guarantees in
the H-infinity sense the stability of NCSs under normal and faulty conditions. An example illustrates effectiveness of the

proposed method.
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2 [ B3R (Problem statement)
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z(t) = Az(t) + Bu (t) + Ew(t),

y(t) = Ca(t) + DuF(t) + Fw(t). M
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o a(t) € ROBIRA I, u(t) € RMEFEHIHA.
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&(t)=Ax(t) + B(I — p)u(t) + Ew(t), 3
y(t)=Cux(t) + D(I — p)u(t) + Fw(t).
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{ &(t)=Ax(t)+B(I—p)K(p)z(t—d(t))+ Ew(?),
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&)
AR SCHI P ) H bR 2 BOVHE B S @) 7T 1) 7E3R
A7 48 SRR IE W 5 TE AL AR Ge(S) AR DR RN IE AU
2) MEARGINH,, TEREIE B /).
DA 5 |2 2D 4 1 s L (IE ).
SIE 1 FHEWT N0 eR I IXbrE R

f(917 "aer):
a0+20z9 + " Bi;0,0; —1—2%92 (6)

1<j

Horp0,(i=1,- -, r) b, JHBEf ()22 RN, B
o f
27, = 80220 1=1,- (7)

MK TR0 AEEE502 = {(01,---,0,) : 0 €

{05,011} 1, £(0) <0

3 HIEMN A HBHE 28 ¥ th(Adaptive
fault-tolerant H-infinity controller design)
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(Ko + Ka(p(t)) + Kp(p(t)))z(t — d(2)).

o . .
Ka(ﬁ(t)) = ;Kaiﬁi(t)v Kb(ﬁ(t)) = ;Kbiﬁi(t),

JEHpi ()2 pi At Koy Koi(i = 1, -, m)RIK 2
K W BETE 1 5 1 4% 1 2t Eﬁfﬁﬁﬁufrmﬁﬂ

B3I
0, p;=0HL; <0,8%
ﬁz:Proj[0,1]Li: { pi=1HL; > 0; 3)
L;, HAih

Hrp: Ly = 1zt ()P[B’Kb( 0) + BK.|z(t—d(t)),
i > 00 = 1,--- ,m) AENH#; Proj{ - } 4R
KRB HAE, bﬁﬁ{/ﬁfﬂ?itxe?lﬂplﬁﬁﬁfrﬁ& Y3 X
()]0, 1], ZZE R i T e Has

TE1 By > v > 02 EL B EE
HPEX,Q, R, Qr, Qo MFI 4 FS,T,U,V, Yy, Yai,

Yii, @ = 1, ,mAE#AF PLF 26 P 50 FEAS 45 =00
T A2
(i) >00i=1,---,m), )

#Hiﬁ_ﬂip =0, EEEFE ‘%‘r? ﬁﬁ,_ivfﬁ/i'g
P+ Py + D+ Py D5 Dy
* @4 0 0

. . B 0 <0. (10)
* * % —]
X Fpe{p -, p}, RIFEMENETE, S M
AN, W2
(10). (11)
Horr (10) X (10) o B Sl G321, 55 41
[AX +XAT+Q+R 0 A 0 E
* -Q0 00
51: * * 0 0 0 5
* * * —R 0
k * * O |

—¢§Tz7V]J:nm+ﬁ
= diag{n,,'(Q1 — 2X),d"(Q2 — 2X),
K HQy —2X),d Y (M —2X)},
¢ = diag{0,0,0,0, =721}, A3 (i) = —B'Y,;,
@ = diag{0,0,0,0, 71} H= [III]

QSS — B(I P)(Yo + Z }/azpz + Z YLsz)

i=1



F2H

S B AL A1 A RAT 4% A PR Do) 2% 42 T R 1K) ) 3 17 2 HL oo 421 271

@5 [AX 0 &5 0 E]"H,
6 - dlag{_nleh —K Q27 _szlM}’
D73 = D(I — p)(Yo + > Yaipi + > Yuipi),
i=1 i=1

b, =[CX 0 &3 0 F|T,

A=B(I-p)Yo+ > Yupi —p > Yaupi +
i=1 i=1

(I —p) Zl Yoifi),

@132(1') 0 00
* 0 0 0
I,(7) =
4(7) * x 0 0]’
* * *x 0
-0 0 /132(7/) 0 0_
* 0 0 0 0
@132(2.) = ko ok 0 0 0 5
* % * 0 0
[ * * * 0_
It Hops 1 R(@)Hi s, 4 Xt Tpi(t) € [0,1], 4

1, . HERRGE) R £ 5 Bt (0) =
0 i A2

TR
f yT(t)y(t)dt <2 foo (B3 2O,

i

A T
(o) 0o m ~2
ONON I O ONES ke U}
0 0 P!

Hrhpi(t) = pi — pie 20, THIEE A
u(t)=YoX '+ 3 YuX"1p

i=1

i Y X—1p,)z(t — d(t)).

IE  JEH(LL R Lyapunov-Krasovskii i 5%
V() =Vi(t)+Va()+Va(t)+Va(t)+V5(t),  (12)

Vi(t) =2 () Px(t), Va(t) :Lt_n 27 (5)Qu(s)ds

V()= [ a"(s)Re(s)ds, Vo(t)= i PQZ(t)

%

=1
:f f;z t+ a)Qui(t + a)dad S+

j: jﬁo T (t + a)Q22(t + a)dad S+

[
Ht:P>0, Q>0 Q>Qy, >0, R>0/M >
O/ A5 IRE . A%V (t) =k 4%, Jf HiNewton-

(t+ a)Mi(t + a)dadf.

VI HMEE A SRS, T, U, VES)

Leibniz/A

S
V(t)<e® [¢1+¢2+@§+¢3+q§4]5+§j M;+
23" M + 22" (1) PBIK,(7) +
PE(p(t )]w(t — d(t)). (13)
Horr:

e=[a"(t) " (t—mn) «"(t—d(t)) 2" (t—d) W],

[PA+A™P+Q+R 0 A 0 PE]
* —-Q0 0 0
(ﬁl: * * 0 O 0 )
* *x x —R 0
i * * x x 0 |
G =[S+T U-T V-U -V -5 0],
Py = By [NnQ1 + KQ2 + dM] Py,
P5=[A 0 B(I-p)K(p) 0 EJ,
by = nwSQ' ST +dTQ;'TT +
nUQ’lUT +dVMTVT,
Mlz— . MlQl Mndoz
M, = 8T + Qui(a),
t—"m
M, = — b—d(t) My, Q5" Mayda,
My =T 4+ Qy2(a),
t—d(t)m 3
M3 = _L—j M;;QQ 1M31da,
M31 = UT€ + QQ.@(O[),
t
M4 = —f_JM£M71M41dOé,
My, = V7' + Mi(a).
= [blv"' ’bm]’ Bl = [Oa 7bi7"' 70}a %B/é\
GEINENCE
K,(p) = 3. 5 PBK, (p),
=1 m (14)
PBﬁKa(ﬁ) = EﬁiPBKaz

4ia @) (13)M(14)73 2
V() +y" (D)y(t) — e’ (Hw(t) <
eV [P+ Do+ D, +Py+Py+d+Dsle.  (15)
Hih: &5 =L, by, $sy =[C 0 D(I-p)K(p) 0 F]T.
ﬁiﬁldlag{Nh Ny, N3, I}, Hrf
N, = diag{P~', P, P~ P! I},
= diag{P~',P~!, P!, P},



272 oA O w

5 B %27 %
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4 F{H %] F (Numerical example)
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Table 1 Comparison of H., performance
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5 %58 (Conclusions)
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