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Abstract: For the data association of video objects having little distinguishable features in large-scale monitoring scenes,

we present a method for tracking multiple video objects in real-time based on the joint probabilistic data association (JPDA),

in which the motion features of the objects are incorporated. First, the k-best joint events are computed by the Murty al-

gorithm to reduce the complexity, and then, the motion situations of objects are analyzed by the association probability of

JPDA. When objects are entering and exiting the field of view, merging and splitting (objects are detected as fragmented

parts), the data association algorithm acquires the tracking trajectories of the objects. Experiments demonstrate the feasi-

bility and performances of the proposed approach.
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, , JPDA

, murty

JPDA K ,

;

JPDA

(

)

, , .

2 (Object detection and

state selection)
[8] ,

,

,

.

,

, Δt ,

,
[9]

xk = Axk−1 + wk, (1)

zk = Cxk + vk. (2)

(1) : w

, ,

Q; v , , w

, R. ,

xk = (px, vx, py, vy)T zk = (px, py)T,

px, vx, py, vy k

x y ,

A, C

A =

⎡
⎢⎢⎢⎣

1 Δt 0 0
0 1 0 0
0 0 1 Δt

0 0 0 1

⎤
⎥⎥⎥⎦ , C =

[
1 0 0 0
0 0 1 0

]
. (3)

3 JPDA
(Basic steps of traditional JPDA algorithm

and existing problems)
,

,

, [10].

JPDA

, ,

. [10]

JPDA , JPDA

. 1

JPDA ,

:

Step 1 .

,

,

. tg,

d2
k , ,

d2
k � tg, (4)

d2
k = z̃T

k|k−1S
−1
k z̃k|k−1, (5)

z̃k|k−1, Sk Kalman

. Ω

,

Ω = {ωt
j}, (6)

: j = 1, 2, · · · ,m, t = 0, 1, 2, · · · , N .

Ω , ,

t = 0 , Ω 1 1.

1 JPDA

Fig. 1 Basic flow of tracking multiple video objects based on

traditional JPDA algortihm

Step 2 ( ) .

, Ω k

: θk = {θk,i}nk

i=1, nk θk

, i θk,i =
mk⋂
j=1

θ
j,tj

k,i ,

mk .

j t θj,t
k , .

[10],

Ω ,

Ω̂(θk,i) = [ω̂t
j(θk,i)], (7)

ω̂t
j(θk,i) i , j

t. , θk,i :

Φ(θk,i) τj(θk,i)
δt(θk,i).

Step 3 Bayes , k

,

P(θk,i|Zk) =
Φ(θk,i)!
cV Φ(θk,i)

mk∏
j=1

(Λk,j)τj(θk,i) ×
n∏

t=1

(Pt
D)δt(θk,i)(1−Pt

D)1−δt(θk,i), (8)
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: c , V , Λk,j

, Pt
D t .

Step 4 t βj,t
k , β0,t

k .⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

βj,t
k =P(θj,t

k |Zk) =
nk∑
i=1

P(θk,i|Zk)ω̂t
j(θk,i), j ∈ [1,mk] ,

β0,t
k = 1 −

mk∑
j=1

βj,t
k .

(9)

Step 5 Kalman ,

.

t

x̂t
k|k =

mk∑
j=0

βj,t
k x̂t

k|k,j. (10)

t

P t
k|k = P t

k|k−1−(1 − β0,t
k )Kt

kS
t
k(K

t
k)

T+
mk∑
j=0

βj,t
k (x̂t

k|k,j(x̂
t
k|k,j)

T−x̂t
k|k(x̂

t
k|k)

T), (11)

P t
k|k,0 = P t

k|k−1, (12)

: Kt
k, S

t
k t k Kalman

.

JPDA

, :

1) Step 2 ,

, ,

, ,

, ;

2) JPDA

: ;

, .

, ,

( ),

, JPDA

, ,

JPDA ,

.

.

4 murty JPDA
(Fast computing JPDA joint events based on

murty algorithm)
JPDA

, [11]

:

1 +
T−1∑
l=0

T !m!
l!(T − l)!(m − T + l)!

, (13)

: m , T , 1

1 Ω̂(θk,1) , 2

Ω̂(θk,1) .

, m, T ,

,

, m = 10, T = 10,

234662231[11], ,

.

(10) ,

βj,t
k , βj,t

k

(9) ,

P(θk,i|Zk) .

2 , z1, z2

Ω:

Ω =

[
1 1 0
1 0 1

]
, (14)

4 ,⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

Ω̂(θk,1) =

[
1 0 0
1 0 0

]
, Ω̂(θk,2) =

[
0 1 0
1 0 0

]
,

Ω̂(θk,3) =

[
0 1 0
0 0 1

]
, Ω̂(θk,4) =

[
1 0 0
0 0 1

]
.

(15)

6 1 ,

,{
P(θk,1|Zk) = 0.0000, P(θk,2|Zk) = 0.0001,

P(θk,3|Zk) = 0.9999, P(θk,4|Zk) = 0.0000.
(16)

2 k
Fig. 2 Association of measurements and tracking gates of

objects in the k-th frame

(9)

βk =

⎡
⎢⎣1.0000 0

0 0.9999
0 0.0001

⎤
⎥⎦ , (17)

: , ,

. (16)(17) , 2

βj,t
k

θk,2, θk,3 .

, Ω

,

K ,

,
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, .

K , ,

, , K

,

, K ,

.

K ,

[12] murty ,

,

,

. , Ω K

, Ω

, ,

,

, K , Ω K

. ,

.

,
[13] , 2

3 .

3 2

Fig. 3 Weighted bipartite graph of fig.2

3 ,

, t0 ,

, 1,

0. [13]

t, z .

, ( )

, ,

, 3 , ,

, 0, 4

,

. murty K

Ω K

.

4 3

Fig. 4 Adding a virtual measurement to fig.3

[12],

O(N 3)(N

), murty

O(KN 4), ,

,

.

5
(Analyze object complex motion and correct

state estimation)
JPDA

, ,

,

, JPDA ,

.

3 JPDA (10)

, x̂t
k|k,j j t

(18) :

x̂t
k|k,j = x̂t

k|k−1 + Kk(zk − Ckx̂
t
k|k−1), (18)

: Kk Kalman , x̂t
k|k−1

:

x̂t
k|k−1 = Akx̂

t
k−1|k−1. (19)

(19) x̂t
k−1|k−1 t (k − 1 )

.

(18)(19) (10)

x̂t
k|k =

mk∑
j=0

βj,t
k x̂t

k|k,j =

mk∑
j=0

βj,t
k (Akx̂

t
k−1|k−1+Kk(zk−CkAkx̂

t
k−1|k−1)). (20)

, x̂t
k|k mk + 1(

) . (20),

JPDA x̂t
k|k,

:

1 x̂t
k−1|k−1

;

2 βj,t
k .

, βj,t
k

, βk( (21))

mk βj,t
k (1 � j � mk) j

t , (9) ,

βk β0,t
k mk

βj,t
k ,

t . , βk mk

β
′
k( (21)), β

′
k

, .

β
′
k 5 :

,
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(20) ,

, .

βk =

⎡
⎢⎢⎢⎢⎣

β1,t1
k · · ·
...

βmk,t1
k

...

· · ·
β0,t1

k · · ·

⎤
⎥⎥⎥⎥⎦ , β

′
k =

⎡
⎢⎣

β1,t1
k · · ·
...

...

βmk,t1
k · · ·

⎤
⎥⎦ . (21)

1) . 2 , t

zj , zj

0 t, t

0 , zj t

t , t

, , ,

(20) t , .

2) . ,

x̂t
k−1|k−1,

1, (20) .

, ,

:

. a) 5(a) , zj

, zj ; b)

zj 0,

zj , zj

;

.

,

, . ,

ks ( ks =
5) 3 Step 1

∼Step 5 , ,

,

;

, .

, ,

, zj(zj = [px py ]T)

,

0, x̂t
k|k =

[px 0 py 0]T.

3) . ,

, (9) β0,t
k = 1,

x̂t
k−1|k−1,

(20) ,

.

, ,

.

β
′
k t

0, t ,

t , 3 ,

, .

5

Fig. 5 Association of measurements and tracking gates of

objects under different motion situations

4) . ,

, 5(c) , k − 1
t1, t2 ,

zj , ,

( 5(c) +
), ( 5(c)

).

,

, 2.

,

, JPDA

, 0.

1 , t2 zj

t1 zj , t1
0( 0), t1

, ,

.

β
′
k zj

0 ( 1 ), zj

,

, 0

. zj

, t1, t2
zj 0,

x̂t1
k|k = [px 0 py 0]T, x̂t2

k|k = [px 0 py 0]T.
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1 zj

Table 1 The row of measurement zj under occlusion

t1 t2

2.7939e−8 0.6231

5) . ,

( ),

( 5(b) ), k − 1
t z1, z2.

JPDA

,

,

( 5(b) ), 1, 2,

(2)

, .

β
′
k t

0 , t

,

t , z1, z2

t , t

2 .

2 t

Table 2 The column of separated object t

z1 z2

0.0005 0.0005

2 , t z1,

z2, z1, z2 t

, (20) t .

6 JPDA

, 6

.

:
.

for ( k),

T x̂k−1|k−1,

zk;

for i = 1 : m,

JPDA ,

x̂t
k|k β

′
k,

,

state;

if state= ,

ks ,

JPDA ,

x̂k|k
β

′
k,

if β̂k �= 0,

if 0,

,

x̂k|k,

else β̂′
k = 0,

,

, zk ,

if state= ,

;

if state= ,

zk ;

if state= , x̂k|k;

if state= ,

x̂k|k.

.

6 JPDA

Fig. 6 Flowchart of tracking multiple video objects based on JPDA algorithm

6 (Experiment analysis)
4 ( 3.00

GHz) 1GB MATLAB 7.1

. 1

PETS–ECCV 2004

, 270 503 233
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, 384×288,

, ; 2 VS–PETS

2003 205

, 720×576,

, ,

.

7 1

, 7(e)∼7(h) [8]

, ,

, +
. 7(e)(f)

,

. 7(g)

, ,

7(h) ,

1, 2.

(a) 270 (b) 330 (c) 395 (d) 425

(e) 270 (f) 330 (g) 395 (h) 425

7 1

Fig. 7 Partial tracking results in surveillant video 1

8 ,

.

8 1

Fig. 8 Trajectories of objects in surveillant video 1

9 1

,

, 9(a)∼
9(c) JPDA [10]

[3] 1, 2

. 1 ,

, ,

,

, [10] JPDA

, [3]

,

( ) ,

, ,

,

,

. [3, 10]

,

, , 100

, ,

, ,

, 0. 9 ,

JPDA

[3] , 4 ,

3 ,

, (fps)

13 fps, .

10 2

, + 7 ,
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10 ,

,

, 11. [10]

JPDA 2 4

, , 5 ;

[3]

,

,

2

, 3 , ,

12

8 18 , 4

,

, ,

.

(a) JPDA [10]

(b) [3]

(c)

9 1

Fig. 9 Tracking errors of different algorithms for

surveillant video 1

3 1

Table 3 Statistics of tracking errors and tracking time for surveillant video 1

1 2
/fps

JPDA [10] 43.1800 2.9386e+003 137.0330 3.4400e+003 0.7

[3] 7.4824 23.7066 7.5867 18.6811 10

0.4061 0.6534 0.2060 0.2134 13

(a) 26 (b) 61 (c) 110 (d) 150
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(e) 26 (f) 61 (g) 110 (h) 150

10 2

Fig. 10 Partial tracking results in surveillant video 2

11 2

Fig. 11 Trajectories of objects in surveillant video 2

(a) 8

(b) 18

12 2

Fig. 12 Tracking errors of the algorithm in this paper for

surveillant video 2

4 2

Table 4 Statistics of tracking errors and tracking time

for surveillant video 2

8 18
/fps

10.0874 102.7518 8.239 141.6842 4

7 (Conclusions)
,

, ,

JPDA .

JPDA

,

(

) ,

, ,

JPDA

.

, murty JPDA K

, ; JPDA

,

,

.

,

,

[10] JPDA [3]

,

.

,

, . ,

, ,
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