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Abstract: Currently there exist three multisensor measurement fusion methods, namely, augmented method,
pseudo-sequential filtering met hod, and combined measurement filtering method. Accuracy of these algorithms are compared by
a covariance analysis method, and a condusion is drawn that they can all obtain LMMSE (Linear Minimum M eanSquare
Error) estimation under some assumptions. Other performance of these algorithms, such as computation cost and flexibility, is
compared by Monte-Carlo simulation. Results show that augmented method based on information filter has the low est
computation cost and highest flexibility, augmented method based Kalman filter and pseude sequential filter have higher
computation cost, and the two combined measurement filters are less flexible because they demand that sensor measurement
matrixes satisfy some additive conditions. T hese conclusions are valuable in practical engineering applicat ions.
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[5, 7, 8]
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1.1
N
x(k)= F(k)x(k- 1)+ w(k- 1) (1)
zi(k)= Hi(k)x(k)+ vi(k), i= 1,2, ... N (2)
, k , X(k) ,2(k) ,
w(k) vi(k) : Q(k)
Ri(k)
, koij,
B[ wik)w'(1)] = Q(k)8, F[ w(k)vi(l)]=0
E[vi(k)v](j)]= Rj(k)Su. E[vi(k)vi(j)] = Ri(k) 8
R za(k),
za(k)= Hi(k)x(k)+ vi(k) (3)
zi(k)= [2i(k) 23(k) - zN(k)]', Hack)= [Hi(k) Hi(k) - Hy(k)]"
va(k)= [vi(k) V5(k) o wK(R) . E[wa(k)vi(ji)] = Ra(k)Su, E[w(k)vi(l)]= 0
CHi(k) . va(k) Ri(k)
1. ¥4 A Kalman &% 25
(1) (3) Kalman

2 YRR EIEAE

k-1 (k- 11 k- 1),
P(hk-11 k- 1),

X(kl k= 1) = F(k)x(k-11 k= 1)
Pkl k= 1)= F(k)P(k= 11 k= UF"(k)+ Q(k- 1)

xa(kl k)= x(kl k= 1)+ Ka(k)[za(k)= Hi(k)x(k| k- 1)]

Pa(kl k)= [I- Ka(k)Ha(k)JP(k| k- 1)

Ki(k)= P(k| k= 1)Hi(k)[Hi(k)P(k| k= 1)Hi(k)+ Ra(k)]"" (4)
. (4)
(4)

1 . E[vi(k)vi(j)] = 0(i Zj)
1,
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Ri(k) = diagl Ri(k) Ra(k) - Rw(k)] (5)
Kalman
alkil k) =P kil kyx(kil ka), P (k| ko)

a(kl k- 1)= P (k| k= DF(k)x(k- 11 k- 1)

ar(k1 k)= a(kl k= 1)+ HA(k)RA'(k)za(k)

Pl (kl k)= P 'kl k= 1)+ Hy(k)Rx'"(k)Hi(k) (6)
xi(kl k) =Pi(kl k)as(k| k)
Ri'(k) = diag[ Ri'(k) R3'(k) - R¥'(k)]
1.2
1
xp (k1 k)= x(k| k= 1)+ Koa(k)[zi(k)— Hi(k)x(k| k- 1)]
Kp (k)= P(k| k- 1)H\(k)[H\(k)P(k| k- 1)H{(k)+ Ri(k)]"
Ps.i(kl k)= [I- Kea(k)Hi(k)JP(k| k- 1)
xpi(kV k)= xp ook k)+ Kp o(k)[zi(k) - Hi(k)xp ok k)], i= 23, .. N
Kp (k)= Ppia(k| k)Hi(k)[Hi(k)Ppio1(k| k)HI(k)+ Ri(k)]™"
Poi(kl k)= [I- Kp i(k)Hi(k)]Psior(k| k)
, N
13
yi(k)= Ci(k)x(k)+ &(k), i= 1,2 (7)
L Yi(k) . Ci(k) LG (k)

2i(k) . (7)
xi(kl k)= x(kl k= U+ Ki(k)[yi(k)— Ci(k)x(k1 k- 1)]
Ki(k)= P(kl k- 1)CI(k)[C(k)P(kI k= 1)CI(k)+ Zi(k)]"
Pkl k)= [I- Ki(k)Ci(k)JP(k!| k- 1) (8)
. M8 AHE —
2 _Z;H?(k)R;‘(k)Hi(k)
1 2, x(k)
yi(k)= x°(k)= [HY(k)Ri'(k)Ha (k)] "HYS (k) R3'(k)za (k)
Si(k)= [Hi(k)Ry (k) Ha(k)]"
(5) ' ,
(k)= (k) DHIE) R (k)zick). =(k) = [ DB R (k) Hi()]
yi(k)= x(k)+ &(k), Ci(k)= I Si(k)= Var[&i(k)]
2. EMEAHHE =
3 s Hi(k) = Mi(k)Cak),
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_EM?(k)Rzl(k)Mi(k)
b(k)= Ca(k)x(k), 1 3, b(k)

ya(h) = b(k) = (k) i;ZlMT(k)R:‘(k)zi(k), (k) = [i;ZIMI(k)Rz k) Mi(k)]

yak)= Ca(k)x(k)+ &(k), %(k) = Val &(k)]

e ) , Kalman n,
Hi (k)= Hi(k), Ra (k)= Ri(k)

Kii(k)= P(kl k= V)HI(k)[H(k)P(k| k= V)HI(k)+ Ri(k)] "= Kpi(k)
Pi(kV k)= [I- Kp(k)H((k)JP(k| k- 1)= P (k! k)

(2) n= m-1(1< m <N) ,
Py mii(k k)= Pp o i(k| k) (9)
n= m ,
Hiw(k)= [HA.m1(k) Hu(k)]'. Ra.m(k)= diag/Ra.m-1(k) Ru(k)]
(6)
Pilu(kl k)= P '(kl k- 1)+ Hiw(k) Rt w(k)Ht w(k)
= P 'kl k= 1)+ Hi.m1(k) Ri m-1(k)Hi N-1(k) + Hu(k)Ru' (k) Hn(k)
= Pilui(k1 k)+ Ho(k)RW (k) Hu(k) (10)
(A+ BCB')'= A"'- A'B(C '+ B'"A™'B)"'B"A™ !, (10)

Pi (k! k)= Py (k| k)= Po yr(k | k)Hp(k)[Ru(k)+ Hyu(k)Py mr(k | k)Hy (k)] "Hu(k)Ps (k| k)
Py ow(k k)= [I— Kg oHu(k)]Pg u1(k| k)
Kim= P i(k| k)HN(k)[Hu(k)Pp m1(k| k)HYN(E)+ Ru(k)]"
Piw(kl k)= Pp (k! k)
(3) , n= N, Pyn(kl k)= Ppn(klk)
, 1
2 1 2
:(8)
Pi(kl k)= [I- Ki(k)Ci(k)]P(k!| k- 1)
= P(kl k= 1)= P(kl k= 1){P(k| k= 1)+ [Hy(k)Ri(k)Hs(k)] ') "P(k1 k- 1)

Pi(kl k)= [P 'kl k= 1)+ Hi(k)RA'(k)Hi(k)]™'
(6) Pi(kl k)= Pkl k), 2
3 1 3
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(8)
Pkl k)= {I- P(kl k- 1)Ca(k)[Co(k)P(k| k= 1)Co(k)+ Z2(k)] "Co(k)JP(k 1k~ 1)
= [Pkl k= 1)+ Ci(k) ' (k)Co(k)]" (11)

Ci(k) =3 (k)Ca(k) = Co(k) _ZM'%‘(k)R;l(k)Mi(k)Cz(k): Hi(k)Ri'(k)Hi(k) (12)

(12) (11) (6) Pi(kl k)= Pykl k), 3
3
x= [X XV ¥, (CV)
XY ,
10m/ s> , Is, 1
100s , , P, C
1000 T, P, , T,
1. %5 —
H(k)_[l ooﬂ H(k)_[o 1 oﬂ H(k)_[l ooﬂ
"W loo1d YT looo d YT Lo oo
[400 00] [900 00] [400 00]
Ri= , Ro= , R3=
0 40 0 90 0 40
3
det/*] . det] YHY(k)R:\(k) Hi(k)]> 0, 2
i=1
3
2. S5 —
Hi(k) = [(1) 8 (1) ﬂ, Hxk)=[1 0 0 o, Hsxk)=L[0 0 1 0

[400 0
1:

0], R>= 900, R3= 625
0 40

M\(k) = diag/1,1], Ma(k)=[1 A, Msk)= 1[0 1

ClE) = [1 0 0 ﬂ
(k) = 00 1
del| S HI (k)R (k) H(K)] = 0
det] Y MY(k) R (k)Mi(k)] > 0
3, ; 2
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Tab. 1 Performance comparison of five measurement fusion algorithms

Kalman
P, 470. 438 470. 438 470. 438 470. 438 -
T 3.630s 2.820s 3.740s 3.078s -
P, 620. 084 620. 084 620. 084 - 620. 084
T 2. 478s 2.240s 3.278s - 2. 260s

(D )
(2) :
(3) : ;
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