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Abstract The drawbacks of the traditional Kalman filter arise from its requirement of accurate

effectively. A simulation example shows its validity.

model and noise statistics which generally can’t be satisfied in engineering applications. An improved
Kalman filter including inaccuracy in filter’s initial condition is presented in this paper. By reducing the
requirement of model accuracy, it can improves the robustness of Kalman filter under the model mis—
match. Fault detection with this filter reduces the fault alarm rate owing to its stronger robustness. Be—
cause the accuracy of missile attitude control system model is limited, it is difficult to detect fault for

the traditional Kalman filter owing to its weak robustness. The improved algorithm can detect faults

Key words missile attiude control system, fault detection, Kalman filter, inaccuracy.
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1
1.1
x(t) = A(t)x(t) + G(t)w(r) (1
y(1) = C(1)x(t) + v(t) (2
E{x(t0))} = xo E{[x(0) — xo][x(t0) = x0]"} = Qo (3)
x R" .y R’ w R" v R
»A(t),G(t),AC(t),w(f)»v(t) A W(e) V(f) w(e).v(e)
KALMAN a= A()x(t) + K(1)(y(t) = C(t)x (1)), x(to0) = Xo (4)
tKai(£)= Q) C () V(1) (5)
{Q(t) = A Q1) + QA" (1) + G)W ()G (1) = Q1) C() V™' (1) C" (1) Q(2) (6
Q(to) = Qo
e(t)=x(t)— x (1), :
e(t) = [A(t) = K(pC(t)e(t) + G(tyw(t) = K(t)v (1) (7)
w(t),v(t) s : i
c(t)= [A() - K()c(pl e(r), e(to) = xo— x0 (8)
P (1)
LA(t) - K()C(t)JP(1) + P()[A() = K()C(t)]" + GyW ()G (1) + K(1)V(t)K (1) = P (1)
(9
:0(t) = E{e(t)eT(t)}:e_T(t)e_(t)+ tl{P(t)} (10)
Aw)=0, (8 , ¢
(n=0, (9) . ofpy)
(5) (6) .
) e(to) = x(to) — x0= const = EoZ 0 (11)
e(to) = x (to) — xo , ,e(to) N(0,01) (8 (9
( 10)
P(1) = e(t)e(r)" (12)
{P: (A() - K(yed Py + P(olaq) - K(pc)d T, (13
P(10) = EoEo
S(t)=P(t)+ P(1) (14)
S ()= [A()- K()ycnl sty + s(yla) - Keol”
{ + G(OW ()G (1) + K()V()K' (1), (15)
S(10) = Qo+ EoEo
o(t) = tr{P(2)} + tr{P(2)} = tr{S(1)) (16)
K(1)=5S()C" () V™ '(1) (17)
st . (1) = tr{S(l)} (18)
S(t)y = A()S(t) + S()A (1) + G(t)W(t)G (1) = S(C" () V™ '(£)C(1)S(1) (19)
S(t0)= Qo+ EoE0 (20)

17 (5, (19) (6)
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{Pu) = [A(t) = S()C () V " ()C()1P(1) + P()[A(1) - S(1)C" (V™ '(1)C()1"

P(t) = EoEo (2D
1.2
{e:(k+ 1)_= LA (k) - K(k)C(k)] éTk) (22
e(0) = x0—- xo
P(k) = e(k)e (k) (23)
P(k), S(k)= P(k)+ P(k) (24)
S(K+ 1)
S(k+ 1) = G(k)W(k)G" (k) + A(k)S(k)A" (k)
- A(K)S(K)CT (B[ V(k) + C(k)S(k)C'(k)]™'C(k)S(k)A' (k) (25)
S(0) = Qo+ EoES
2 —X
€(k)= y (k)= CObyx (k k- 1) : , k)
€k) N(0,5(k)),
, U(k)z A-]/z
(k) D (k)e(k), A(k) k) S(k)
N(k) E{(M k)T (k)}= 16y k)
(n=1)r X , X

(k)
[0 5 [0
[Zk, s p],
min[ Sy (), S tes 1), Sq(tien) > X

3
C ) :
W= alWer(s)W+ asWr(S)W (26)
Sw= WW,(s)Wenls) (27)
,ag} ,(llly , ¥ , ¥
L Wr(s) SWer Wl 9) ,We(s)
11
, Aat/ a= 0. 25
( 1),0adao= 0.25( 2), 0 , e(to)
,e(to) N (0,0.01), 1 2 1 627ms

2 673ms
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