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information of the moving object in the current frame

ABSTRACT

1

is obtained through the tracking method, which is
To increase the robustness of satellites on-orbit
self-servicing and solve the severe occlusion, pose

better beneficial to the surveillance of the object in the
process of satellites on-orbit self-servicing.

change and illumination variation problems of the
moving target in space, a method based on the
combination of improved spatio-temporal context
(ISTC) and Kalman filter is proposed. In this method,
ISTC is used to track the interested object accurately
and steadily. But this algorithm will lose the tracking
target once the Euclidean distance between the image
intensity of the object in two consecutive frames is
greater than the threshold. Thus we apply Kalman
filter to predict and estimate the possible location of
the

target

under

severe

occlusion.

These

characteristics make this method suitable for object
tracking, and make up for the deficiency of STC
method that the object will lose under severe
occlusion and high speed. The experimental results
show that the ISTC method with Kalman filter is
feasible and effective when the tracking process exists
some challenges of occlusion, pose change and
illumination variation. In image sequences, the
*Corresponding author
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INTRODUCTION

In recent years, the development of space robot
technology shows that its great potential in the
satellites self-servicing. Computer vision plays a very
important role in space robot technology with
numerous

applications

(e.g.,

measurement,

positioning, auxiliary operation, object tracking,
human-computer interaction and surveillance), and
our main mission in this paper is to solve the problem
of the tracking process of the moving object. If the
satellite is able to maintain on-orbit or be serviced by
itself, not only its performance can be enhanced in
space systems and the life of the satellite can be
extended, but also the substantial costs and the
growing problem of space junk can be reduced.
Automatic object tracking in image sequences is still
a challenge in computer vision due to many factors
that include occlusion, pose change, illumination
variation, complex motion, and background clutter,

although some progress have been completed in the

the tracking object in two consecutive frames is

past decades, developing a robust tracking algorithm

greater than the threshold that is varied for different

is indispensable so that the object tracking is better

tracking objects, and the center position of the

applied to space robot.

tracking object in the current frame and former frame

To tackle these problems in the tracking process,
numerous algorithms have been presented by
researcher from all over the world for object tacking,
which rely on template matching [1]-[2], small patch
tracking [3]-[4], particle filters [5]-[6], sparse
representations [7], contour modeling [8] or image
segmentation [9]. For example, an algorithm using

remains unchanged simultaneously, we affirm that
the object exists severe occlusion. The problem of
severe occlusion in the tracking process is solved by
Kalman filter that is used to predict and estimate the
possible location of the target under severe occlusion,
and object’s position is updated in the progress of
prediction.

Kanade- Lucas-Tomasi (KLT) and Kalman filter is

The rest of the paper is organized as follow. Section 2

proposed in [10], and this method applies KLT to

and 3 simply introduce the spatio-temporal context

track object and then predicts and estimates the best

method for tracking and the theory of Kalman filter

tracked patch of KLT tracking results through

respectively. In section 4, we explain our method in

Kalman filter. Wang [11] proposes a method which

details. Section 5 gives experimental results and

combines a texture-based tracking method and the

analysis. Finally, we conclude in section 6.

Kalman filter, and this method first estimates the

2

object pose in the current frame and predicts the

SPATIO-TEMPORAL
CONTEXT
(STC) FOR TRACKING

target pose in the next frame through Kalman filter.
In order to improve the stability of the Kalman filter,

The

[12] proposes a method based on centroid weighted

spatio-temporal relationships between the object and

Kalman filter (CWKF) for object tracking, and this

its local context based on a Bayesian framework by

method firstly uses background subtraction method to

STC

[14]

formulates

the

m( x )  P ( x | o )
  m ( r )X r P( x , m (r ) | o)

search for the region of the moving target, and then



combines centroid weighted method and Kalman
filter to optimize the predictive state value. [13]

algorithm

 m ( r )X r



(1)

P( x | m (r ), o)P(m (r ) | o)



where X r  m(r )   I (r ), r  | r m ( x* )

denotes

presents an improved visual saliency model and
combines it with the particle filter to solve a problem
of abrupt motion.

the context feature set, m( ) denotes the object
location likelihood function, o denotes the object
present in the current frame and x  R 2 is a target

This paper presents a tracking method that combines
improved spatio-temporal context and Kalman filter.
The main contributions are as follows. Firstly, we
give an improved spatio-temporal context that
achieves better results in the terms of accuracy,

position, I  r  is image intensity at position r ,
x* denotes the center position of the tracking object,

m ( x* ) is the region around the center location x* ,

robustness and speediness than spatio -temporal

P( x | m(r ), o) is the conditional probability which

context (STC), and make up for the deficiency of

models the spatial relationship between the local

STC method that the object will lose under severe

surrounding background of the target and the target

occlusion and high speed. Secondly, we give a

position, and P(m(r ) | o) denotes a context prior

condition to judge severe occlusion in the tracking

probability.

process and solve the problem of severe occlusion. If
the Euclidean distance between the image intensity of

This method solves the tracking problem through a

way that the best object location is obtained by

the image intensity of the tracking object of the

computing a confidence map and maximizing a target

(t-1)-th and (t-2)-th frames more than the threshold,

position likelihood function. Although the STC

Kalman filter is applied to predict the object location

algorithm

at the next frame, otherwise the object is still tracked

is

robust

to

appearance

variations

introduced by partial occlusion, pose and illumination

by ISTC.

variations, this method has a fatal problem that the

Input image
sequnces

object will lose under severe occlusion, high speed
and high maneuver.

3

KALMAN
TRACKING

Appoint the region of object and get
the object location at the beginning

FILTER

FOR
ISTC for
tracking

Kalman filter [15] is used as a target state estimator,

no

and is also acquired as a predictor of the next target’

Severe occlusion

position. In this case, Kalman filter can predict the

yes

next object’ position under severe occlusion. The

Predict the object motion for the
next frame by kalman filter

standard Kalman filter can be represented by
transition and observation model as shown in the
following equations:
xt 1   xt  wt

Get new target
position

(2)
Figure 1: Flow of ISTC with Kalman filter

and
Yt  Hxt  Vt

(3)

where xt denotes state vector at time t th sample,  is

4.1 Improved

Spatio-temporal

Context

(ISTC) Algorithm

a state transition matrix , wt denotes process noise

We redefine the conditional probability which models

taking

the

the spatial relationship between the local surrounding

system, H is an observation matrix, Vt denotes

background of the target and the target position. In

measurement noise, and Yt is a measurement vector

order to better suitable for the scale change of the

obtained from the sensor.

tracking object in the tracking process, Gaussian

4

function is used to substitute for the weighted

into

account

the

perturbations

to

IMPROVED SPATIO-TEMPORAL
CONTEXT (ISTC) ALGORITHM
WITH KALMAN FILTER

The STC tracker has a smooth tracking on the object,
but this method will lose object under severe
occlusion, high speed and high maneuver. These

function in STC method. And the context prior
probability is simply modeled by

P  m (r ) | o   I (r ) 

1
e
2 2



r  x*

2

2

(4)

where  is a scale parameter of the tracking target.

problems can be solved by ISTC method with
Kalman filter as a predictor.

To solve the losing problem of high speed and high
maneuvering target in the tracking process, the

Figure 1 illustrates the basic flow of our method. First,
the tracking window is given by manual label at the

hunting zone of the position of the tracking object will
be broadened. Figure 2 illustrates the method of

first frame and the target is tracked by ISTC method

obtaining

under no occlusion and partial occlusion. Next, if the

position of the tracking window in the (t-1)-th frame,

tracking process of object exists severe occlusion that

and x*t -1 has been obtained. In the t-th frame, the

the object position remains unchanged at the t-th and

center location of the tracking window will be moved

(t-1)-th frames and the Euclidean distance between

to nine positions, and the confidence map of the nine

x*t .The black rectangle denotes the

positions can be calculated respectively. Then

where R denotes an observation noise covariance

compared the confidence map of the nine positions,

matrix, and here we assume it is a constant.

we can obtain the maximum of confidence map at
nine positions. And the center location of the target in
the t-th frame can be obtained with:

x*t  argmax mti ( x), i  1,

Here xˆ t 1|t 1 is the new location, and substitutes for the
old position x*t :
argmax mt+1( x)  xˆ t+1|t+1

(12)

xm ( x*t )

(5)

,9

xm ( x )
*
t-1

Then

location of the object x*t+2 at the next frame. If

4 3 2
5
9
*

xˆ t 1|t 1  x*t  2 , this method continues to go (7)~(12)

1( xt 1 )

xt*1

6

Frame(t  1)

7

xˆ t 1|t 1 is applied to calculate the center

8

for predicting the center location of the object at the
next frame, otherwise this method goes the process of

Frame(t )

ISTC.
Figure 2: the method of obtaining the center

5

EXPERIMENTAL RESULTS

position of the tracking object
In order to verify this method’s feasibility and

4.2 Solve Severe Occlusion

effectiveness, this paper has executed a tracking
The Euclidean distance between the image intensity

experiment. In the experiment, the computer is

of the tracking object of the (t-1)-th frame and (t-2)-th

configured to 2.31GHz machine with 1GB RAM.

frame is given by

The experimental location is different environment.

d E ( It 1 (r ), It  2 (r )) 

 ( It 1(ri )  It 2 (ri ))

2

(6)

ri r

(2012b). We set this system’ state transition matrix

If d E ( )  threshold and x*t remains unchanged, the
tracking object may undergoes a severe occlusion,
hence let x*t substitute for xˆ t |t in (7).

xˆ t 1|t   xˆ t |t

(7)

and observation matrix, i.e.
1
0

0

0

0 dt
1 0
0

1

0

0

0
dt 
1 0 0 0 
,H 
.

0
0 1 0 0 

1

The tracking target in the severe occlusion sequence
in fig.3a undergoes severe occlusion. Overall, our

The Pt 1|t can be derived by

Pt 1|t   Pt |t  Q

The experiments are carried out in MATLAB

method performs well on this sequence. Frames #70,
(8)

#73, #80 and #83 show examples where the object is

where Pt|t denotes a covariance matrix in the t-th

partially and fully occluded. Our method solves the

frame, and Q is a process noise covariance matrix,

problem of severe occlusion, and makes up for the

and here we assume Q is a constant.

deficiency of STC method.

The values of Pt 1|t 1 and xˆ t 1|t 1 can be obtained

For the David indoor sequence shown in Fig.3b, the

with

appearance changes gradually due to pose and

Pt 1|t 1  Pt 1|t  Kt 1HPt 1|t

(9)

illumination variations when the person walks on the
meeting room. The STC method gradually drifts away

and

xˆ t 1|t 1  xˆ t 1|t + Kt 1(Yt 1  Hxˆt 1|t )

(10)

from the target after frame #287, but our method is

where K t 1 , the so called Kalman gain matrix, is

able to track the object reliably. We also evaluate our

determined with

method in terms of handling scale change. The object

Kt 1  Pt 1|t H T ( HPt 1|t H T + R)1

undergoes scale change due to the man movements,
(11)

and our method can suitable for scale change in the

scale of the tracking window of the STC method

experiment. Overall, the proposed tracker is robust to

suddenly becomes bigger and bigger. Finally, the size

pose and illumination changes.

of the tracking window is greater than the size of the

The target in the high speed and high maneuvering
target sequence in fig.3c undergoes abrupt movements

background image, and the STC method fails to track
the target.

with 360 degree out-of-plane rotation and high speed.

These experimental results show that the ISTC

Our method performs well on this sequence, but the

method with Kalman filter is feasible and effective

STC method cannot handle high speed and high

when the tracking process undergoes some challenges

maneuvering object well as illustrated by frames after

of occlusion, pose change and illumination variation.

frame #5. Especially in the frames #58 and #63, the

(a) Tracking result of the severe occlusion sequence

(b) Tracking result of the David indoor sequence

(c) Tracking result of the high speed and high maneuvering target sequence
STC

ISTC with Kalman filter

Figure 3: Screenshots of some sample tracking results when there are severe occlusion, pose
variations, severe illumination changes, high speed and high maneuver
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In this paper, a novel framework for object tracking
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and Kalman filter is used to predict and estimate the
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