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ABSTRACT

In this paper, we propose an automatic object tracking
method for traffic video surveillance. The method is de-
signed as a hybrid between a region based and a feature
based technique. In a first stage, a motion detection al-
gorithm identifies the objects from the background pro-
viding binary masks of the moving objects. In a second
stage, a segmentation tool based on a multi-feature anal-
ysis further segments the areas corresponding to moving
objects into homogenous regions. For each region, the
method provides a set of characteristic feature values,
which are used to track the regions (and thus the ob-
jects) along time. The results of this low-level analysis
can be exploited by the content understanding module of
an advanced video surveillance system for the detection
of potentially dangerous situations, for law enforcement
purposes, and for statistical traffic analysis.

1 INTRODUCTION

The evolution of advanced video surveillance systems
has lead from the so called first generation CCTV sys-
tems to the second generation PC based systems [3].
This favored the introduction of automatic digital im-
age processing techniques to assist an human operator in
video surveillance tasks, thus reducing the need for his
continuous attention. The user intervention can there-
fore be limited to higher level tasks. The user interprets
critical situations, makes decisions in doubt cases, and
chooses the most appropriate action when an alarm is
generated.

An automatic tool for video surveillance should
achieve the extraction of the information of interest from
the video input and it should provide reliable data to a
content understanding module. The basic structure of
such a system is depicted in Fig. 1. Here, the initial vi-
sual data is precessed so as to pass to the content under-
standing step a reduced amount of data which provides
the most significant information on the scene content.

The detection of the areas where a change in the scene
has occurred with respect to a reference frame is already
an appropriate solution for some traffic surveillance ap-
plications. This is true, for example, when the goal of
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Figure 1: Block diagram of an advanced video surveillance
system. The video input is processed in order to provide to
a content understanding module only the objects of interest,
which are moving in the scene

the application is an approximate vehicle counting or
an estimation of traffic flow conditions. In this case the
video-based surveillance system is used as an alterna-
tive to physical detectors, such as magnetic loops. This
simple solution is uneffective if a more complex analysis
of the traffic conditions is required.

We propose an approach to video surveillance based
on the concept of focus of attention. The attention of
the system is driven by a change detection mask, that is
defined by a statistical approach. This provides a binary
mask, which allows us to delimit the areas of interest in
the scene. These areas are then segmented into spatio-
temporal homogeneous regions, which are tracked along
the sequence. This procedure provides a trajectory for
each region that may help in automatically recognizing
alarm situations.

The paper is organized as follows. Section 2 reviews
the different tracking methods that are currently used
in the framework of traffic surveillance. The proposed
approach is presented in Sec. 3. In Sec. 4 we present the
experimental results and, finally, in Sec. 5 we draw the
conclusions.

2 STATE OF THE ART

An advanced video based surveillance system is required
to monitor objects in a scene. The monitoring implies
that the different objects are tracked along time. In
the following we present a brief overview of tracking
methods, which have been proposed in the framework
of traffic surveillance.



2.1 Region based tracking

A region-based method tracks blobs of pixels, which
roughly correspond to vehicles. To achieve this, it re-
lies on information (such as motion, color, and texture
properties) provided by the entire region [4]. This ap-
proach works properly only in case of free flow traffic
and usually requires that the camera is placed in a high
position with respect to the road. In case of congested
traffic conditions or cameras placed in a low position
with respect to the road plane, in fact, vehicles partially
occlude each other, thus leading the method to group to-
gether more vehicles in a unique large blob. This causes
the loss of the track of each single vehicle.

2.2 Active contour based tracking

Active contour models (snakes) rely on the information
provided by the object boundaries [6, 7]. A contour-
based representation can help in reducing the computa-
tional complexity. Furthermore, it allows the tracking
of both rigid and non-rigid objects. On the other hand
it is unable to track vehicles that are partially occluded.
To overcome the problem of partial occlusions, in [8]
a Kalman filtering approach and optical flow measure-
ments have been introduced in the active contour model.

2.3 3D model based tracking

The problem of tracking vehicles which are partially
occluded can be solved by considering their 3D mod-
els [5]. The definition of parametrized vehicle models
make it possible to exploit the a priori knowledge about
the shape of typical objects in traffic scene. This ap-
proach is computationally intensive and it presents two
major drawbacks: the need of object models with de-
tailed geometry for all vehicles that could be found in
the scene, and the lack of generality. This second draw-
back does not allow the system to detect objects dif-
ferent from vehicles. For example, when the monitored
scene is a highway, the detection of people and animals
is important for interpreting the scene in case of dan-
gerous situations, but with such a method they cannot
be detected.

2.4 Feature based tracking

Using a feature based method, instead of the entire
object, its sub-parts are tracked [1]. An example of
these sub-parts is represented by the corners of the
objects, which allow tracking also in case of partial
occlusions. A major drawback of such an approach is
the problem of grouping the features by finding which
of them belong to the same object.

By considering these previous works, the approach we
propose has been designed as an hybrid between the re-
gion based and the feature based techniques. It exploits
the good characteristics of the two by considering first
the object as an entity and by tracking then its sub-
parts.

In a first stage a motion detection algorithm identifies
the objects from the background and provides a mask
defining the areas of the image containing the moving
objects. In the second stage, objects are tracked by
projecting the representatives (centroids) of the regions
obtained with a multi-feature segmentation. The details
of the method are presented in the following section.

3 PROPOSED METHOD

The proposed method for advanced surveillance seg-
ments automatically the veichles from the background,
and it has the ability of dealing with different traffic
conditions and variety of objects.

3.1 Segmentation driven by focus of attention

The proposed approach to video objects extraction and
tracking for traffic surveillance is based on the concept
of focus of attention. The attention of the system is
driven by a change detection mask, defined by the sta-
tistical approach described in [9]. This provides a binary
mask, which allows us to delimit the areas of interest in
the scene as shown in Fig. 2. The areas of interest are
represented as a matrix with the same size of the im-
age. Every element of the matrix can take one of the
two possible values depending on whether the pixel has
been detected as changed or not by the motion detector.

Figure 2: Traffic surveillance sequence highway n25w22
(courtesy of European ACTS project 304 Modest): (a) ref-
erence frame; (b) frame n.215; (c) corresponding change de-
tection mask; (e) moving objects defined by the change de-
tection mask (here the change detection mask is superposed
on the original frame).

Only the areas of interest are considered by the follow-
ing step, which takes into account the spatio-temporal
properties of the pixels in the changed areas and ex-
tracts spatio-temporal homogeneous sub-regions. These



sub-parts of the objects are clusters obtained with the
Fuzzy C-Mean algorithm as proposed in [2]. The cluster-
ing is performed on a multi-feature space composed by
speed, position, color and texture of the changed pixels.
Each object is processed separately and it is decomposed
in a set of non-overlapping clusters or regions as shown
in Fig. 3.

(a)

Figure 3: Example of segmentation driven by focus of at-
tention: (a) area of interest defined by the change detection
mask and (b) regions defined by the multi feature segmen-
tation.

The properties of each region are represented in a cen-
troid summarizing the values of speed, position, color
and texture of the cluster. To link these properties to
the correct object in each frame, a multi tracking pro-
cedure is performed.

3.2 Automatic object tracking

The proposed tracking method integrates the informa-
tion along the sequence and provides a trajectory for
each region: this may help in automatically recognize
alarm situations. One of the advantages of this approach
is the ability to handle partial occlusions, and appearing
and disappearing of objects from the scene.

Given the objects of interest in the new frame, the ob-
jects of interest in the current frame and their segmen-
tation in spatio-temporal regions, the proposed tracking
procedure performs two different tasks. First, it defines
a correspondence between the objects of interest in the
current frame n and those detected in the new frame
n + 1. Second, it provides an effective initialization for
the segmentation procedure of each object in the next
frame n + 1. This initialization implicitly defines a cor-
respondence between the regions in frame n and the
regions in frame n + 1.

In order to explain in detail our technique, we limit
the discussion to a single object of interest detected in
the current frame. The same procedure is repeated for
all the objects in the frame. Let us refer to an object
of interest as Oy (n). As explained above, O (n) is seg-
mented with the Fuzzy C-Mean algorithm in r spatio-
temporal regions Ry i (n), ..., Ry (n). The values given
to r depend on the size of the object O (n) and they
have been chosen empirically. Each region is projected
through motion compensation on frame n+1. This oper-
ation, referred to as centroid projection, is performed by
adding to the position values of a centroid its estimated
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vertical and horizontal displacement. We then compute
the mean of the gravity centers of all the projected re-
gions belonging to the same object Ok (n). This coordi-
nate, cg, is compared with the gravity center of all the
objects detected with the statistical change detection in
the frame n + 1. We define a correspondence between
the object O (n) and the object O;(n + 1) whose grav-
ity center has the minimum FEuclidean distance with cg.
Once the correspondence has been performed the object
Oj(n + 1) is segmented by applying the Fuzzy C-Mean
algorithm. The initialization of this segmentation pro-
cess is defined by the projected centroids of the r regions
Ry ;(n), ..., Ry x(n). Thus a natural correspondence be-
tween the regions of the object O (n) and the regions
of the object O;(n + 1) is obtained.

The overall video object extraction and tracking
scheme is summarized in Fig. 4.

i objects of

SEGMENTATION [~ .
interest

I

reference
frame TRACKING \

CENTROID
MOTION
COMPENSATION

Figure 4: Block diagram of the proposed video object ex-
traction and tracking mechanism

4 RESULTS

The proposed method has been tested on typical out-
door surveillance sequences. Four representative frames
of MPEG-7 surveillance test sequence have been dis-
played in the first column of Fig. 5. The sequence is shot
in daylight conditions from a camera placed on a bridge
passing above a highway. The second column shows an
example of the automatic object extraction and track-
ing capabilities of the proposed algorithm. The vehicle
is automatically extracted and tracked along the frames
after the statistical change detector has provided the
mask containing all the moving objects. The reported
example shows the tracking of a single vehicle from its
appearing in the camera scope in frame 100, until it ex-
its the scene in frame 130. In the same way, all the
other objects in the scene are automatically extracted
and separately tracked along the frames, thus provid-
ing the content understanding module with segmented
objects and their associated trajectories. This informa-
tion will help this last module in describing events in
the scene and in generating alarms in case of dangerous
situations.

The extraction of the vehicle is not precise due to
the presence of shadows that are detected as moving
objects. To overcome this problem an approach that



Figure 5: Traffic surveillance sequence highway n25w22
(courtesy of European ACTS project AC304). First column:
original frames n.100, n.110, n.120, n.130; second column:
example of object tracking. The vehicle has been automati-
cally extracted and tracked

consider the local color properties of the regions can be
used as proposed in [9].

5 CONCLUSIONS

We presented an efficient method for extracting vehicles
in traffic surveillance sequences. The proposed approach
to object tracking is an hybrid between a region based
and a feature based technique. The efficiency is achieved
by considering only the regions in the images that are
interesting for the application (moving objects). The
tracking is based on the sub-parts of the objects, iden-
tified by a multi-feature segmentation, leading to the
flexibility of the technique.

The procedure is fully automatic and provides
throughout the sequence a trajectory for each object.
This helps the following content understanding module
to describe events in the scene, and to automatically
recognize alarm situations.
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