
28 8

2011 8 Control Theory & Applications
Vol. 28 No. 8

Aug. 2011

: 1000−8152(2011)08−1087−06

, , ,

( , 710071)

: (GM--PHD) ,

. , , . ,

. GM--PHD

(PHD) , , PHD

, . , GM--PHD ,

.

: ; ; ; ;

: V249 : A

Gaussian-mixture probability-hypothesis-density tracker for
multiple maneuvering targets

LIU Gui-xi, ZHOU Cheng-xing, WANG Ze-yi, LIAO Xing-hai
(Department of Automation, Xidian University, Xi’an Shaanxi 710071, China)

Abstract: The existing Gaussian-mixture probability-hypothesis-density(GM--PHD) tracker can estimate time-varying

multi-target states, identify different targets and continuously keep on their tracks. However, it is poor in stability and easy

to lose targets when multiple targets are in maneuvering. To solve this problem, a Gaussian-mixture probability-hypothesis-

density tracker algorithm for tracking multiple maneuvering targets is proposed. This algorithm employs modified input-

estimation technique in the GM--PHD filtering framework to express the probability-hypothesis-density(PHD) of targets in

a Gaussian-mixture form, and identifies each Gaussian component by using different labels. The Gaussian components and

their labels are iterated through PHD filtering equations, eventually, achieving the tracking of multiple maneuvering targets.

Simulation experiment shows that the new algorithm tracks multiple maneuvering targets with higher stability than that of

the general GM--PHD tracker.

Key words: multiple target tracking; random sets; probability-hypothesis-density; Gaussian mixture; maneuvering

targets
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GM--PHD , GM--PHD

. ,

GM--PHD (GM--PHDT) , GM--PHD

.

2 GM--PHD
(GM--PHD tracker with ability of track-

ing multiple maneuvering targets)
2.1 (Modified input estima-

tion technique)
[12]

, ,

,
[12]:

x(k + 1) = Fx(k) + Cu(k) + Gw(k), (1)

z(k) = Hx(k) + v(k), (2)

: x(k) k , u(k) k

, w(k) k , F

, C , G , z(k) k

, H , v(k) k .

, [12]:

xaug(k) = [x(k) u(k)]T, (3)

: x(k) = (xp(k), xv(k), yp(k), yv(k))T

x , y

; u(k) = (xa(k), ya(k))T x

y . ,
[12]:

xaug(k + 1) = Faugxaug(k) + Gaugwaug(k), (4)

zaug(k) = Haugxaug(k) + vaug(k), (5)

: Faug , Gaug

, waug(k) k ,

zaug(k) k , Haug

, vaug(k) k ,
[12]:⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

Faug =

(
F C

0 I

)
, Gaug =

(
G

0

)
,

waug(k) = w(k), Haug = [HF HC ],
vaug(k) = HGw(k) + v(k + 1),
zaug(k) = Haugxaug(k) + v(k).

(6)

,

, [12]:

1) .

xaug(k + 1|k) = Faugxaug(k|k), (7)

Paug(k + 1|k) =

FaugPaug(k|k)F T
aug+GaugQaugG

T
aug, (8)

Qaug = Q, (9)

: xaug(k + 1|k) k + 1
, xaug(k|k) k ,

Paug(k+1|k) k+1 ,

Paug(k|k) k , Q

, Qaug .

2) .

xaug(k + 1|k + 1) =

xaug(k + 1|k) + Kaug(k + 1)[zaug(k + 1) −
Haugxaug(k + 1|k)], (10)

Paug(k + 1|k + 1) =

Paug(k + 1|k) − Paug(k + 1|k)HT
aug[Raug +

HaugPaug(k + 1|k)HT
aug]

−1HaugPaug(k + 1|k),

(11)

Kaug(k + 1) =[
Paug(k + 1|k)HT

aug + GaugTaug

]
R−1

aug, (12)

Raug = HGQGTHT + R, (13)

Taug = QGTHT, (14)

: xaug(k + 1|k + 1) k + 1
, Kaug(k + 1) k + 1 ,

Paug(k + 1|k + 1) k + 1
, R , Raug

, Taug

.

2.2
(Multiple maneuvering targets Gaussian mix-

ture probability hypothesis density tracker)

, , .

,

,

,

.

GM--PHD ,

,

GM--PHD (MMGM--PHDT).

GM--PHD

PHD ,
[9∼11]

.

, GM--PHD
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PHD [6]:

1) [6], :

fk|k−1(x|ζ) = N(x; Fζ, Q), (15)

gk(z|x) = N(z; Hx, R), (16)

: N( · ; m, P ) m , P

.

2) [6], :

pS,k(x) = pS,k, pD,k(x) = pD,k. (17)

3) PHD
[6], :

γk(x) =
Jγ,k∑
i=1

w
(i)
γ,kN(x; m(i)

γ,k, P
(i)
γ,k), (18)

βk|k−1(x|ζ) =
Jβ,k∑
j=1

w
(j)
β,kN(x; F (j)

β,k−1ζ + d
(j)
β,k−1, Q

(j)
β,k−1), (19)

: Jγ,k , w
(i)
γ,k

i , m
(i)
γ,k P

(i)
γ,k

i ,

PHD . , Jβ,k, w
(j)
β,k,

F
(j)
β,k−1, d

(j)
β,k−1, Q

(j)
β,k−1 PHD

.

,

,

(3) ,

GM--PHD . ,

.

:

1) .

k = 0 , PHD v0

:

v0(x) =
J0∑
i=1

w
(i)
0 N(x; m(i)

0 , P
(i)
0 ), (20)

: J0 k = 0 , w
(i)
0 k = 0

i , m
(i)
0 P

(i)
0 k=

0 i .

, [9∼11]:

T0 = {τ (1)
0 , · · · , τ

(i)
0 , · · · , τ

(J0)
0 }, (21)

: τ
(i)
0 0 i .

, k − 1 k .

2) .

k − 1 PHD vk−1

Tk−1 :

vk−1(x) =
Jk−1∑
i=1

w
(i)
k−1N(x; m(i)

k−1, P
(i)
k−1), (22)

Tk−1 = {τ (1)
k−1, · · · , τ

(i)
k−1, · · · , τ

(Jk−1)
k−1 }, (23)

: Jk−1 k − 1 , w
(i)
k−1 k − 1

i , m
(i)
k−1 P

(i)
k−1

k − 1 i , τ
(i)
k−1

k − 1 i .

PHD :

vk|k−1(x) = vS,k|k−1(x) + vβ,k|k−1(x) + γk(x) =
Jk|k−1∑

i=1

w
(i)

k|k−1N(x; m(i)

k|k−1, P
(i)

k|k−1), (24)

: Jk|k−1 , w
(i)

k|k−1 i

, m
(i)

k|k−1 P
(i)

k|k−1 i

, vS,k|k−1(x) k − 1
k PHD, :

vS,k|k−1(x) =

pS,k

Jk−1∑
i=1

w
(i)
k−1N(x; m(i)

S,k|k−1, P
(i)

S,k|k−1), (25)

m
(i)

S,k|k−1 = Faugm
(i)
k−1, (26)

P
(i)

S,k|k−1=FaugP
(i)
k−1F

T
aug+GaugQaugG

T
aug, (27)

: Faug, Gaug, Qaug ,

(6)(9) . vβ,k|k−1(x) k − 1 k

PHD, :

vβ,k|k−1(x) =
Jk−1∑
i=1

Jβ,k∑
j=1

w
(i)
k−1w

(j)
β,kN(x; m(i,j)

β,k|k−1, P
(i,j)

β,k|k−1), (28)

m
(i,j)

β,k|k−1 = F
(j)
aug,β,k−1mk−1 + d

(j)
β,k−1, (29)

P
(i,j)

β,k|k−1 =

F
(j)
aug,β,k−1P

(i)
k−1(F

(j)
aug,β,k−1)

T + Q
(j)
β,k−1, (30)

: F
(j)
aug,β,k−1 ,

(19) . PHD γk(x) (18)

.

, k k

, ,

PHD [9∼11]

Tk|k−1 = Tk−1 ∪ {τ (1)
γ,k, · · · , τ

(i)
γ,k, · · · , τ

(Jγ,k)
γ,k } ∪

{τ (1,1)
β,k , · · · , τ

(i,j)
β,k , · · · , τ

(Jk−1Jβ ,k)
β,k }, (31)

: τ
(i)
γ,k i

, τ
(i,j)
β,k i j

.

3) .

PHD (24) ,
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k PHD :

vk(x)= (1 − pD,k)vk|k−1(x) +

∑
z∈Zk

Jk|k−1∑
i=1

w
(i)
k (z)N(x; m(i)

k|k(z), P (i)

k|k) =

Jk∑
i=1

w
(i)
k N(x; m(i)

k , P
(i)
k ), (32)

:

w
(i)
k (z) =

pD,kw
(i)

k|k−1q
(i)
k (z)

κk(z) + pD,k

∑J
k|k−1

j=1 w
(j)

k|k−1q
(j)
k (z)

,

(33)

q
(i)
k (z) = N(z; Haugm

(i)

k|k−1, S
(i)
k ), (34)

m
(i)

k|k(z)=m
(i)

k|k−1 + K
(i)
k (z−Haugm

(i)

k|k−1), (35)

P
(i)

k|k =(I−P
(i)

k|k−1H
T
aug(S

(i)
k )−1Haug)P

(i)

k|k−1, (36)

K
(i)
k = (P (i)

k|k−1H
T
aug + GaugTaug)R−1

aug, (37)

S
(i)
k = HaugP

(i)

k|k−1H
T
aug + Raug, (38)

Haug, Gaug, Raug, Taug

, (6)(13) (14) .

PHD

(1+|Zk|) , (1+|Zk|)Jk|k−1

, |Zk| k .

[9∼11], ,

m
(i)

k|k−1 z ∈ Zk

m
(i)

k|k(z) m
(i)

k|k−1 .

, [9∼11]:

Tk|k = Tk|k−1 ∪ T z1
k|k−1 ∪ · · · ∪ T

z|Zk|
k|k−1, (39)

T zi

k|k−1 i

.

4) .

, [6,9]

.

Nk, Nk

.

,

: k τ
(i)
k ,

,

,

; ,

,

. k ,

, ,

.

3 (Simulation experiments)
3.1 (Simulation environment)

Intel Celeron 2.66 GHz , 1 GB

PC , MATLAB 7.1 .

, 4 ,

: 1 21

u = (18, 16)T 11

, 2 16 u = (16,−20)T

10 , 3 28 u =
(−18,−20)T 9 , 4 24

u = (15, 12)T 8

. [12]:

xk+1 = Fxk + Cuk + Gwk, (40)

zk = Hxk + vk, (41)

:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

F =

⎛
⎜⎜⎜⎝

1 T 0 0
0 1 0 0
0 0 1 T

0 0 0 1

⎞
⎟⎟⎟⎠ , C =G=

⎛
⎜⎜⎜⎜⎜⎜⎝

T 2

2
0

T 0

0
T 2

2
0 T

⎞
⎟⎟⎟⎟⎟⎟⎠

,

H =

(
1 0 0 0
0 0 1 0

)
.

(42)

xk uk (7)

. T = 1 s, wk vk

:⎧⎪⎨
⎪⎩

wk ∼ N(0, Q), vk ∼ N(0, R),

Q =

(
5 0
0 5

)
, R =

(
90 0
0 90

)
.

(43)

4 ,

, pD,k =
0.98, pS,k = 0.99. ,

PHD :⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

γk =0.5N(x̄aug,1, Q1,r)+ 0.5N(x̄aug,2, Q2,r),
x̄aug,1 = [x̄1; u1], x̄aug,2 = [x̄1; u2],
x̄1 = (−500,−20, 4000, 30)T,

x̄2 =(2000,−50, 600, 100)T, u1 =u2 =(0, 0)T,

Q1,r = Q2,r = diag{1, 1, 1, 1, 1, 1}.
(44)

3.2 (Simulation result)
, GM--PHD (GM--

PHDT) (MMGM--PHDT)

. , MMGM--PHDT

:
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Step 1
, .

(20) (21) .

Step 2 PHD PHD

. ,

, (18)(28) (31) .

Step 3
,

. ,

. (25) (31) .

Step 4 Step 2 Step 3

,

(32) ,

, (39)

.

Step 5 ,

Nk, Nk

. , 2.2

4) .

Step 6 Step 2 .

1 x--y , 2

3 x y

.

1 x-y

Fig. 1 Multi-target tracking trajectory in x-y plane

2 x

Fig. 2 Multi-target tracking trajectory in x coordinate

3 y

Fig. 3 Multi-target tracking trajectory in y coordinate

, GM--PHD

(GM--PHDT) ,

; GM--PHD (MMGM--

PHDT)

, GM--PHDT . 4

, ,

, MMGM--PHDT

GM--PHDT .

4

Fig. 4 Number of targets

GM--PHDT

, .

, 100 ,

.

, 40 , 4

, 114 . 1

100

.

1

Table 1 Average state number comparison of two

algorithms can tracked

GM--PHDT MMGM--PHDT

114 73 113

, , GM--

PHDT , MMGM--
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PHDT .

,

, ,

. ,

MMGM--PHDT ,

GM--PHDT . GM--

PHDT PHD ,

,

,

.

MMGM--PHDT

GM--PHD ,

,

. ,

MMGM--PHDT

GM--PHDT

.

4 (Conclusion)

PHD .

, GM--

PHDT . ,

, MMGM--PHDT

, GM--PHDT

.
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