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Enhanced multiple model particle filter for maneuvering target tracking
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Abstract: Classical multiple model particle filters(MMPF) can not effectively control particles of each mode in ma-

neuvering target tracking. An enhanced multiple model particle filter(EMMPF) algorithm is proposed, which estimates the

mode and state independently. The posterior probability of each mode is updated with the associate likelihood function. The

number of particles of each mode is given in advance according to the mode property and is kept constant in the recursion.

Simulation shows that the EMMPF achieves better tracking accuracy with fewer particles.
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2 (System modeling)
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:

xk = f(rk,xk−1) + vk−1(rk), (1)

zk = h(rk,xk) + wk, (2)

: xk, zk k

, vk−1(rk), wk ,

, Q(rk), Rk.

rk = 1, 2, · · · ,M k , M

. :

P (rk = j|rk−1 = i) = Πij, i, j = 1, 2, · · · ,M. (3)

Πij i j .

p(xk, rk|Zk),

, Zk = {z1,z2, · · · ,zk} k

.

3 MMPF (EMMPF algorithm)
MMPF
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k−1 P (rk−1|Zk−1)
p(xk−1|rk−1, Zk−1),

k p(xk, rk|Zk)
:

1) .

k−1
P (rk−1|Zk−1) k

P (rk|Zk−1)=
M∑

rk−1=1

P (rk|rk−1)P (rk−1|Zk−1). (4)

P (rk−1|rk, Zk−1)=
P (rk|rk−1)P (rk−1|Zk−1)

P (rk|Zk−1)
. (5)

k − 1
p(xk−1|rk−1, Zk−1) k

p(xk−1|rk, Zk−1) =
M∑

rk−1=1

P (rk−1|rk, Zk−1)p(xk−1|rk−1, Zk−1). (6)

2) .

,

, k

p(xk|rk, Zk−1) =�
p(xk|xk−1, rk)p(xk−1|rk, Zk−1)dxk−1. (7)

3) .

k zk ,

P (rk|Zk) =
p(zk|rk, Zk−1)P (rk|Zk−1)

p(zk|Zk−1)
, (8)

p(zk|rk, Zk−1)=
�

p(zk|rk,xk)p(xk|rk, Zk−1)dxk

,

p(zk|Zk−1) =
M∑

rk=1

p(zk|rk, Zk−1)P (rk|Zk−1)

.

k

p(xk|rk, Zk) =
p(zk|xk, rk)p(xk|rk, Zk−1)

p(zk|rk, Zk−1)
, (9)

k

p(xk, rk|Zk) = P (rk|Zk)p(xk|rk, Zk). (10)
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, 1 N1 , 2 N2 .

k [0.8, 0.1;

0.2, 0.9], k 1 80% 20%

k − 1 1 2 ,

2 10% 90% k − 1
1 2 . k 1

{x̃n,1
k−1/k−1}n=1,··· ,N1 ,

N1 k − 1 {rn
k−1}n=1,··· ,N1 ,

,

. k

2 {x̃n,2
k−1/k−1}n=1,··· ,N2 .

k ,

, k

.

, ,

.

:

1) .

(4)(5) P (rk|Zk−1)
uij = P (rk−1 = i|rk = j, Zk−1).

2) {x̃n,j
k−1/k−1}n=1,···,Nj

,

n , j = 1, · · · ,M , Nj j

.

bootstrap
[3, 7], uij Nj {rn

k−1}n=1,··· ,Nj
,

:

FOR j = 1 : M

c(1, j) = u1j

FOR i = 1 : M − 1

c(i+1, j) = c(i, j)+u(i+1)j //

END FOR

FOR n = 1 : Nj

un //un (0, 1]

m(n, j) = 1

WHILE c(m, j) � un

m(n, j) = m(n, j) + 1

END WHILE

//m(n, j) j n

END FOR

END FOR

rn
k−1

j. ,

rn
k−1 = i, k − 1 i

{x̂n,i
k−1/k−1}n=1,··· ,Ni

.

Nj , k j

{x̃n,j
k−1/k−1}n=1,··· ,Nj

.

3) .

,

j vj
k−1 , Nj

{vn,j
k−1}n=1,···,Nj

, {x̃n,j
k−1/k−1}n=1,···,Nj

{x̂n,j
k/k−1}n=1,··· ,Nj

x̂n,j
k/k−1 = f(rk = j, x̃n,j

k−1/k−1) + vn,j
k−1, (11)

zk , ( )

en,j
k = zk − zn,j

k/k−1 = zk − h(x̂n,j
k/k−1), (12)

ẑn,j
k/k−1 = h(x̂n,j

k/k−1) .

, en,j
k ,

qn,j
k = p(zk|x̂n,j

k/k−1) = N (en,j
k ; 0, Rk), (13)

q̃n,j
k = qn,j

k /
Nj∑

n=1

qn,j
k . (14)

N (en,j
k ; 0, Rk) en,j

k , 0,

Rk .

q̃n,j
k {x̂n,j

k/k−1}n=1,··· ,Nj

Nj , x̂n,j
k/k−1,

x̂n,j
k/k−1, k j

{x̂n,j
k/k}n=1,··· ,Nj

, 1/Nj .

j

x̂j
k/k =

1
Nj

Nj∑
n=1

x̂n,j
k/k. (15)

4) .

j

Sj
k =

R+
1

Nj

Nj∑
n=1

[ẑn,j
k/k−1−ẑj

k/k−1][ẑ
n,j
k/k−1−ẑj

k/k−1]
T, (16)

ẑj
k/k−1 =

1
Nj

Nj∑
n=1

ẑn,j
k/k−1 j .

Λj
k =

1
Nj

Nj∑
n=1

N (en,j
k ; 0, Sj

k). (17)

Λj
k

P (rk = j|Zk) =
Λj

kP (rk = j|Zk−1)
M∑

j=1

Λj
kP (rk = j|Zk−1)

. (18)
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x̂k/k =
M∑

j=1

P (rk = j|Zk)x̂
j
k/k. (19)
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4 (Simulation)
: (74,30) km,

(−283,−63) m/s, 0∼20 s, 40∼60 s, 80∼100 s

, 20∼40 s 2g , 60∼
80 s 3g , 100 s.

, —– (CV)

—– (ACT)
[1] , MMPF,

EMMPF .

CV xk = [xk yk ẋk ẏk]T, ACT

xk = [xk yk ẋk ẏk ωk]T,

QCV = 25 m2/s4, QACT = 400 m2/s4,

ωk [2, 6](◦)/s.

0.8, 0.2, [0.9 0.1;

0.02 0.98].

:

h(xk) = [
√

x2
k + y2

k tan−1(yk/xk)]T,

15 m, 2 m·rad.

3 dB B 2◦, T = 1.2 s.

, B/2,

600 m,

, 5 .

100 , .

. 600 , EMMPF

CV 200 , ACT 400 ,

MMPF ,

1 .

2 .

2 , 60 s , 20∼
40 s , . 60 s ,

3g , EMMPF

MMPF , 80 s

. 1 , MMPF

.

.

,

, . 100

MMPF 39 , EMMPF .

EMMPF

, ,

MMPF.

1 MMPF

Fig. 1 Variation of number of particles in MMPF
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2

Fig. 2 Comparison of MMPF and EMMPF with

the same particles

EMMPF (600 ),

MMPF 1600,

3 . EMMPF

MMPF, MMPF .

3

Fig. 3 Comparison of MMPF and EMMPF

5 (Conclusions)
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