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Abstract: A new method for multiple faults diagnosis of control systems is presented based on parity
equation and parameter estimation. Residual generated by a new parity equation is sensitive only to one
special sensor fault and one special actuator fault signal. The faults in sensors and actuators are
represented as biases and changes in scale factor.- A parameter estimator based on Kalman filter is
designed to identify the parameters from the information contained in the residuals. A simulation
example on control system of an airplane is given for illustration. Results show that the new
approach can be used to detect and identify the faults of multiple sensors and multiple actuators in
linear systems-
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i ,mi(k) i (k)
(3 (4
( ) z(k) =[z1(k) z2(k) 2(k)]" =
[ 6] Nk)y (k) + ACk)
w(k) = [w(k) w(k) un(k) ] =
m (k) u(k) + wp(k)
k) = diag[M(k),™(k), ,N(k)]
2 A — M2 T m(k) = diag[mi(k), m2(k), mn(k)]
A(k) = [Mi(k)  Aok) A(k) ]
{x(k+ 1) = Ax(k) + Bu(k) + Fuw(k) () u(k) = [wi(k)  we(k) (k)1
y(k) = Cx(k) + Du(k) + Gw(k)
i (k) R su(k) R’ Z(k) = N(k)Y(k) + A(k)
y(k) R cw(k) R {U(k) = M(k)U{k) + R(k) (5)
;A,B,C,D,F,G
(1) Z(k)y = [z'(k = s) 2 (k1"
Y(k)= Hox(k- s) + H.U(k) + H.W(k) UCk) = [u" (k) u"(k) u' (k)]"
(2) N (k) = block diag[Mk - s), (k)]
(2) M (k) = bolck diaglm(k - s), ,m(k)]
Y(k) = [y"(k- s) (k)" Ak) = [A'(k= ) Nk
U(k) = [u' (k= s) u' (k)] R(k) = [u (k- s) w(k)1"
Wi(k) = [w' (k- s) w' (k)] 2.2
Ho= [C' (cA)" (ca)"’ V= {v|v'Ho= 0) (6)
D 0 0 0 v k
CB D 0 0 r(k)y = v'[Z(k) = H.Udlk)] (7)
H.= | CAB CB D 0 ) . Z(k) Y(k)
: : R LUk = [ue(k - s) w (k)] ek
LCA™'B CA" B CB Dl — 5. k)
G 0 0 0 r (k)
CF G 0 0 , (7)
H.= | CAF CF G 0
LCA™'F CA°F CF Gl w (k)
2.1
i o V'Hao= 0 (8)
zi(k) = (k) yi(k) + A(k) (3) (6) (8),
czi(k) i ,yi( k) i v'[Ho Hu]= 0 (9)
N k) (k) 2.3
zi(k) = 1,A(k) = 0 [6]
. Z(k)
wi(k) = mi(k)ui(k) + w(k) (49 Udk) (7,
wiCk) i k) YRS ( ) U( k)



%4 H

r(k) = o' [Y(k)- H.U(k)]

Nr(k) = o'[(Z(k) - HUk)) -
(Y(k) = H.U(k))] (10)
(5,
Ar(k) =
o "(L(N(K)Y (k) + A(k)) = HU(k)] -
[Y(k) - H(M(k)U{k) + R(k))])

Ar(k) = RE) Qk) (11)
6(k) = [(1- (k) .\ (k).
(1—m (k)" u'(k)]"
M= [M(k), (k)]"
m' = [mi(k), ,mn(k)]"
) (11),
6k)
[ 6]
1) | U(k) U(k)
2)
(7). :
r(k) = o"[(N(K)Y(k) + A(k)) - HU(k)]
(2)

r(k) =o' [{N(K)[How (k- s)+ HU(k) +
H.W(k)]1+ A(k)} - HU(K)] (12
(9,
' [N(kYHo N(k)H.]= 0
r(k)
r (k)
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[6] 2)
[6] 1)
3.1
(1
Yi(k) = Hiow (k- s) + H;U(k) + HuW(k)
(13)
Yi(k) = [yi(k - s) yi(k)1"
HO,HL‘,Hu‘ C,DyG
Jj Ci,Di,Gi(j= 1,2, ,q)
(13) J
k
ri(k) = v [Zi(k) = HiU(k)] (14)
: Zi (k) Yi(k) V)
vi[Hio Hijv] = 0 (15)
(14) J
i
viHii= 0, i= 1,2, ,p (16)
L Vji j i > P
D; 0
CB D;
Hji= CiAB” C;B" D; 0
LC,A™'BY CiAT°B” C;B° DjJ
D/ B; D; B i
i , D; =
[d2 ds dy],B; = [b2 b br],
bi(i= 1,2, ,p) Di Bj
J i Ji
vi[Hjo Hjw Hjdl = 0 (17)
(14) (17)
(14) ji ji
rJ'iz
Ji J L

Tz, 17)
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s> - 1 (18) PkyPk- HPk)]
s Bi(k) = Bi(k— 1) + K(k)[rii(k) -
(1 Hjo,Hjw Hjei %(k)heji(k— ]
Hjo, H . Hi. (S+ 1) ><n,(s+ 1) P(k) _ P(k— 1)+ Q(k— 1) _
X(s+ Dr (s+ D)>x(s+ I)(p- 1), K(k)(k(k)P(k— I -
oot thie] K (k) R Q= 1)
ne . (17 (17) K(h PR
(s+ 1)> ne, s>n—1 (18) (14) , i
s HoH., H. ; (23)
3.2 g
( L ) ) 0:(k)
Z ( J )
Z(k) = NWYi(k) + MBE (19 (14) (23,
E=1]1 1 11" s+ 1
(19) (14), ji
ri(k) = ol k) (Hjox (k — s) + H;U(k) + ’
HiuW(k)} + NE)E - HiUd(k)] 18
viH jox (k= s) = 0,viH W (k) = 0, (18)
ri(k) = vl (kY HU(k) + P
4 S
MWE= HUB] (20) SLLE "
(1) o= 0 N 9000 kg, 11 000 m,
L, 0.9 (1)
i - 0.016 6 - 0.0059 0 - 0.036 8
mi( k) Hi(k) Lo | -ot0s1 - 05864 1.0000 0
U(k) = miUe(k) + piEw (21) Tl - 926773 - 82.6961 - 8.5848 0
E.=[1 1 11" (s+ Dp 0 0 1.000 0 0
(21) (20), ri(k) = P(k)Oi(k) 0 0.000 I
ri O
"~ | 104.9985 0
rik) = P(k)6i(k) + n(k) (22) 0 0
[0 0 0 0
Pk) = [vEH UK 0 H EwvlE] (24) -0.001 1.022 0
e 81 o 0 0.000 Of
R’k ’ D= {21596 0
(k) L 0
1 0
Bi(k+ 1) = Qi(k) + k) (25) 0 1 00
€ k) , , F = o o G=1|1 0
Q(Fk) (220 (29), Lo 0 1
0:(k) (S1, S2, S3)
18] (A1,A2) 0.5s

K (k) =Pk~ DBk [R(E) +
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