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Design of Fault-tolerant Controller
to State Feedback Control Systems

Zhang Huachun, Tan Min
(Chinese Academy of Science)

Based on Riccati equation, Lyapunov stability principle and the generalized inverse theory , a

design method of controller for linear continuous-ime system with sensor failure is presented. T he

induced system possesses integrity against sensor failure. T he designed state feedback controller places

all poles of the closeddoop systems within a prescribed circular region for the normal system. U nder

certain condition, the same control law guarantees the system § asymptotic stability against sensor

failure. A simulation example shows the effectiveness of the faulttolerant control method.
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Riccati s 5

?

x(1) = Ax(t) + Bu(t) (1)
’x R”, u Rm,A Rnxn’B Rnxm (A ,
B) u(t) = Kx(1),

x(t)= (A+ BK)x(0): = Awx(t) (2

2

L
L= diag(0o1,02, ,00)
0= 1 1 ;0= 0 l
, 1= 1,2, ,n,

x(t) = Ax(t) + BKLx(t) =
(Ac+ 0A)x(t)

0A= BK(L-1) (3)
Q L
(L=0 )
. K
; L Q
(3)
3 EE4
1 (2),
~ 0P~ OPAc+ A‘PAc+
(- r)P=-0Q (4)
LAc= A+ BK,(Q> 0
o+ jo(a< 0), r D
(4) p
218 T.,T» R, T \Ti= T:T}
Ti= T2V, VV'=1.
Ti= T2V v
V= E[“ 0} P (5)
0 U
JEF T, T>
Tr=oNAF' . To= NAE", A= [% 0 (6)

2 R™ T, T2 P =
rank(T1), U R" <P
1 P.Q rP - Q
> 0, (2) D ,
D

+ -1 Ir 0 T
K=B" S'F E'W +
( 0 U
of - A+ (I- B* B)Z (7)

’E’F7W7S
P=S"'S, FP-0Q=W'W, S,W R
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Ti= (1= BB)S =N = | F (9
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To= (I - BB")(A - o)W =

> .
N E (10)
0
3" Vy,z 2 e> 0
H,
T T y'Hy Top-1
yz+ oz y= c T € H z=
T T
y Hy zz
e T A(H) (11)
An(*)
2 (2) D ,

(P - Q)N+ (ellK'K N +
LUPIUBE )| of < M(AIPA + oP)

(12)
imen ,

ERH (2)
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Lyapunov
Ve(t) = x" (1) Px(t)

Vi(t) = x () Px(t) + x (¢1)Px(t) =
x"(1)(ALP + PAYx(1) +
x"()[PBK(L - 1) +
(BK(L - I))"P]x(1)
(11), € H
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C(BK(L - 1)'Plx(1) < 4 R 17
x ()leaL- 1) K'K(L- 1)+
L T (1)7
cPBB"Plx(1) (13) 18 LS 23]
x' (1) (AP + PAYx (1) = A= 0 5 _ 15
— () (PP~ Q)x(n) + L 2.6 - 2.5 - 4
1 . p - 1.5 1.7 0 ]
o F (D(AIPA+ o&P)x(1) (14) B-l_ 09 - 13 - L4
(13).(14), x< 0, - 1.6 - 0.7 1.3
Vi(r) < D(or) = D(- 5,3),

x()[aLl - I'K'K(L - 1) +

PBBPIx(1) — o' () (PP~ Q)x (1) +
x" (1) (APAc+ &CP)x(t) =

M(ALPA:+ ocP) Hx 1P -

I 2F 2= m|—

HP- Q)N +
eN(L- D" (L- HDNNK'KNNx I +
%IIP IENBB I Hx 112

Lyapunov ,

NP - Q) I+ (EllKTK I+
1 2 T
?"Pll I1BB ||)|0| =

M(ALPAc+ &P)

I'/F(t) =0 ) (3)

( )
(D
u(t) = Kx(1t)
1) ,
D(o,r);
2) €> 0 Q(
, Q )3
3) rP’— 0> 0, P;
4) (7 ;
5) (12) , ,
€> 0 0, 3)
(12) )

5

L= diag{ 0,1, 1},
Ls= diag{ 1,1, 0}

L>= diag{ 1,0, 1)}

P=15, Q= 89
€= 1.2, =1, Z=0
(12)
1.4850 - 0.2014 0.5461
K=1]- 0597 - 10472 - 0.8710
- 0.4640 1.0907 - 0.5661
AMA + BK) =
diag{- 4.979 1, - 4.9398, - 5.044 5}
AMA + BKLy) =
diag{—- 2.052 8, — 5.050 2, — 4. 940 3}
AA + BKL2) =
diag{—- 6.154 7, — 4. 869 8, — 4. 958 6}
AMA + BKL3) =
diag{- 4.966 8, - 2.681 9, - 5.051 9}
2k w
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