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Kalman filtering-based information fusion Wiener filter

of autoregressive moving average signals

DENG Zi-li, GAO Yuan
(Department of Automation, Heilongjiang University , Harbin Heilongjiang 150080, China)

Abstract: By using the Kalman filtering method and the linear minimum variance optimal fusion rule weighted by matri-
ces,a multisensor information fusion Wiener filter is presented for the multichannel autoregressive moving average( ARMA) sig-
nals with white observation noise. It can handle the information fusion filtering, smoothing and prediction problems in a unified
framework . In order to compute the optimal weighting matrices, the formula of computing the cross — covariance matrices among
local filtering errors, is presented . Compared with the single sensor case, the estimation accuracy is improved. A simulation exam-
ple for a target tracking system with three-sensor shows its effectiveness.
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1 5|E (Introduction)
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2 8] )R ( Problem formulation)

% B H A MRS ) 2% 4% £ 1E ARMA
55 s(t),

ACg Ds(e) = ClgNw(e), (1)

yi(t) = s(t) + 0;(¢), i = 1,2,,L. (2)
Her: v, (1) € R™ B | (GRS H T, 54 ARMA
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Oy = 1’84,' = 0(¢ #j),A(q_l)iﬁl C(q‘l)?ﬂgiﬁiﬁ

%
ACg™") = I, + Ajg™ " + -

n

+ Anaq_ %y

(4)
C(g™") = Cig7 + o+ Cog™",

B# np = n,(A(g™),C(¢™") X MBRET
I Cy; (e + N)y;(t + N=1),--)RIGS s(¢) B9
Bth A3 Wiener TR 2% s, (¢tlt + N),i = 1,2,
L, K ENN W R B E Wiener I I 2%
soCtle + N), XN =0,N>0,N < 05FIHENIE
3 B#H R Wiener 38 K 28 (Local optimal

Wiener filters)
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x(t +1) = &x(t) + Tw(t), (5)

yi(t) = He(t) + v;(t), i = 1,2,--,L. (6)

Her. s(¢) = Hx(¢),H = [I, 0 01,C: =
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- 4 C,
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yi(t) = He;,(t]t-1) + ¢;(2). (9)
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A (g )y (1) = ¥i(g e l(e), (10)
A(q™") =¥, (¢ I, -Hadj(I,- ¢ ' ¥,) K,ig™",
(11)
V. (q') = det(I, - q'I\I/Pi), (12)
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(18)
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kP (g™) =
H[adj(] - q’l‘I/pi)Kpiq_l_N +
M (¢HA(g™H], N =0, (19)

N
MP (g™ = 2 Mg N0,  (20)
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Zi(N) = o7 IE (@) M 4
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(24)

(-1 = =, (25)
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P;(N) = HP;(N)H". (26)
HAPHEIRZE (el e+ N) = 2(2) - 2,11+ N) B
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(32)
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(33)
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(35)
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Wiener J& i #% (Linear minimum variance
optimal fusion Wiener filter weighted by ma-
trices )
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soltle + N) K

so(tlt + N)= ZA(N)s(t|t+N) (39)

HAPBREMBEE A, (N) BHFRAH:
(A (N), A2(N) -+, A (N)] =

(e"PI(N)e) 'e"PIH(N). (40)

Hrb: e = [1,,,1,], P,(N) L P ;(N) BE
B Lm x Lm 5y H5ERE,
P(N) = (Py(N)) s Lm- (41)
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Po(N) = (e"P;'(N)e)™, (42)
BAREXAR
rPo(N) < rP;(N), i = 1,--,L. (43)
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5 {HEHIF(Simulation example)
EELIERBPERE RS
(I + Ayg™V)s(t) = Ciqg7'w(n), (44)
yi() = s(t) + v, (t), i =1,2,3, (45)
1 T 0.57T3
m=-[, 7 - | TO"]. (46)
H: (1) = [s1(2),s200) 17, 51(2) , 52(2) B3
BARTERT Z 1Ty £ AT BAEEE , To KA. iR
w(t) M oo(t) BREYMHE. FEESEN Q, = 2 A
Q; WHEMY AME. BN = 1, [MERRBHI
Wiener 128 (11t + 1) REEBMESRE LTS
s‘o(t‘£+l). i E + K T, = 0-5,0%41 = 1,
Q.1 = diag(1,2.25), Q,, =diag(4,6.25), Q,3 = diag(9,16).
AR
P, (1) = 0.5270, rPo(1) = 1.3869,
{trPs3(l) = 2.620, trPy(1) = 0.4688.
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6 &5 (Conclusion)
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