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Distributed optimal one-step-lag estimation for out-of-sequence track
fusion based on pseudo-measurement for multi-sensor system

JIN Xue-bo, DU Jing-jing, BAO Jia
(College of Informatics and Electronics, Zhejiang Sci-Tech University, Hangzhou Zhejiang 310018, China)

Abstract: The local processing of out-of-sequence data is crucial to the operation quality of the distributed multisensor
system. We treat the estimation in local nodes as the pseudo-measurement, and convert the distributed estimation to a
two-level centralized fusion estimation. By combining the pseudo-measurement-distributed fusion estimation algorithm
obtained above with the optimal one-step-lag out-of-sequence measurement(OOSM) filter, we develop the optimal one-
step-lag out-of-sequence track(OOST) estimation algorithm. This algorithm can be applied to the fusion estimation of
out-of-sequence data of tracks with optimal estimation performances.

Key words: local fusion estimation; fusion center; out-of-sequence measurement(OOSM); out-of-sequence
track(OOST); distributed fusion estimation
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2 (Problem description)
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A(k + 1, k)x(k) + B(k + 1, k)v(k + 1, k), (1)

: x(k) ∈ R
n k , A(k + 1, k) ∈

R
n,n , B(k + 1, k) ∈ R

n,h

, v(k + 1, k) ∈ R
h .

N ,

yn(k) = Cn(k)x(k) + wn(k), (2)

: n = 1, 2, 3, · · · , N , yn(k) ∈ R
m n

, Cn(k) , wn(k) ∈
R

m . :

1) {v(k +1, k), k � 0} {wn(k), k � 0}
,

E[v(j, k) vT(j, k)] = Q(j, k)
Rn(k).

2) x(0)
, , E{x(0)} =

x0, E{(x(0) − x0)(x(0) − x0)T} = P0.

3) {v(k), k � 0} {wn(k), k � 0}
.

4) wn(k) .

yn(k), n=1, 2, 3, · · · ,

N . , i(i ∈ [1, 2, 3, · · · , N ])
x̂i(ki|ki) (

tki
, tk−1 < tki

< tk), x̂(k|k)
, x̂i(ki|ki) x̂(k|k) x̂(k|ki).

3
(OOST based on pseudo-measurement)

[13]

zn(k) = Hn(k)x(k) + w̄n(k), (3)

:⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
zn(k) = x̂n(k|k) − Un(k),

Hn(k) = Wn(k)Cn(k),

w̄n(k) = Wn(k)wn(k),

Un(k) = [I − Wn(k)Cn(k)]x̂n(k|k − 1).

(4)

{w̄n(k), k � 0}
,

R̄n(k) = Wn(k)Rn(k)WT
n (k). (5)

,
(1) (3)

x(k + 1) =

A(k + 1, k)x(k) + B(k + 1, k)v(k + 1, k), (6)

zi(k) = Hi(k)x(k) + w̄i(k). (7)

(5) .

x̂(k|k)ΔE(x(k)|Zk) p(k|k)Δ
cov(x(k)|Zk).

i tk−1 < tki
< tk,

tk . x(k) x(ki) :

x(ki) = A(ki, k)[x(k) − B(k, ki)v(k, ki)], (8)

A(ki, k) = A−1(k, ki). ki i

yi(ki) = Ci(ki)x(ki)+wi(ki),
x̂

i
(ki|ki),

zi(ki) = Hi(ki)x(ki) + w̄i(ki). (9)

zi(ki) x̂(k|k),

x̂(k|ki)ΔE(x(k)|Zki), p(k|ki)Δcov(x(k)|Zki),

: ZkiΔ{Zk, z(ki)}, ZkΔ{z(i)}k
i=1.

. ( = +
∗ )

x̂(k|ki) =

x̂(k|k) + W (k, ki)[zi(ki) − H(ki)x̂(ki|k)]. (10)

(9)

E(x(ki)|Zk) = A(ki, k)[x̂(k|k) − v̂(k, ki|k)]. (11)

y(k)Δ

[
x(ki)

v(k, ki)

]
,

ŷ(k|k) =

ŷ(k|k − 1) + cov{y(k), z(k)|Zk−1} ×
[cov{z(k)|Zk−1}]−1[z(k) − ẑ(k|k − 1)], (12)

cov{y(k)|Zk} =

cov{y(k)|Zk−1} − cov{y(k), z(k)|Zk−1} ×
[cov{z(k)|Zk−1}]−1cov{y(k), z(k)|Zk−1}T. (13)

[13],

cov{z(k)|Zk−1}ΔS(k) =

H(k)P (k|k − 1)H(k)T + R(k), (14)

:

H(k) = [HT
1 (k) HT

2 (k) · · · HT
N(k)]T,

R(k) = diag{R̄1(k), R̄2(k), · · · , R̄N(k)}.

cov{v(k, ki), z(k)|Zk−1} =

E{v(k, ki)[z(k) − ẑ(k|k − 1)T|Zk−1]} =

E{v(k, ki)[H(k)[A(k, ki)x(ki) + v(k, ki)] +
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w(k) − ẑ(k|k − 1)T|Zk−1]} =

E{v(k, ki)v(k, ki)T|Zk−1}H(k)T =

Q(k, ki)H(k)T, (15)

cov{x(k)v(k, ki)|Zk−1} = Q(k, ki), (16)

cov{y(k), z(k)|Zk−1} =[
cov{x(k), z(k)|Zk−1}

cov{v(k, ki), z(k)|Zk−1}

]
=[

P (k|k − 1)H(k)T

Q(k, ki)H(k)T

]
, (17)

(14) (17) (13)

cov
{[

x(k)
v(k, ki)

]
|Zk

}
=[

P (k|k − 1) Q(k, ki)
Q(k, ki) Q(k, ki)

]
−[

P (k|k−1)H(k)T

Q(k, ki)H(k)T

]
S(k)−1

[
P (k|k−1)H(k)T

Q(k, ki)H(k)T

]
.

(18)

V (k)Δz(k) − ẑ(k, k − 1), (13) 1
0, (12) 2 v̂(k, ki|k) = Q(k,

ki)H(k)TS(k)−1V (k), (11),

x̂(ki|k) =

A(ki, k)[x̂(k|k)−Q(k, ki)H(k)TS(k)−1V (k)].

(19)

(10) W (k, ki)ΔPxz(k, ki|k)S(ki)−1,
Pxz(k, ki|k)

Pxz(k, ki|k)Δcov{x(k), zi(ki)|Zk} =

cov{x(k),Hi(ki)A(ki, k)[x(k)−
v(k, ki)]+wi(ki)|Zk}=
[P (k|k) − Pxv(k, ki|k)]AT(ki, k)HT

i (ki). (20)

x(k) (k, ki) , , Pxv(k, ki|k)
, (18) 1 2

Pxv(k, ki|k)Δcov{x(k), v(k, ki)|Zk} =

Q(k, ki) − P (k|k − 1)H(k)TS(k)−1H(k)Q(k, ki).

(21)

P (k|ki) =

P (k|k) − Pxz(k, ki|k)S(ki)−1Pxz(k, ki|k)T, (22)

P (k|k) ,

P−1(k|k) =

P−1(k|k − 1) +
N∑

n=1

HT
n (k)R̄−1

n (k)Hn(k).

S(ki)

S(ki) = Hi(ki)P (ki|k)Hi(ki)T + R̄(ki), (23)

P (ki|k)

P (ki|k) =

A(ki, k)[P (k|k) + Pvv(k, ki|k) −
Pxv(k, ki|k) − Pxv(k, ki|k)T]A(ki, k)T. (24)

P (k|k)

P−1(k|k) =

P−1(k|k − 1) +
N∑

n=1

HT
n (k)R̄−1

n (k)Hn(k)

, Pxv(k, ki|k) (21) , (18)
Pvv(k, ki|k):

Pvv(k, ki|k) =

Q(k, ki) − Q(k, ki)H(k)TS(k)−1H(k)Q(k, ki).

(25)

4 (Conclusions)

,
OOSM

A1[1] ,
. ,

A1 .
, A1

.
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