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Abstract - This paper describes a vehicle tracking system
which detects and tracks vehicles passing through an inter-
section using information obtained from multiple image
sensors. The proposed system is based on multiagent model
to actualize a distributed and concurrent tracking. The sys-
tem has two main components, sensor agents and vehicle
agents. By means of communication between sensor and ve-
hicle agents the trajectories of moving vehicles are
detected. Making use of the visual information about the
shape of a vehicle and some features, size and color, which
detected by sensor agents and a priory knowledge on vehi-
cle motion, each vehicle agent autonomously tracks the
trajectory of a vehicle. Additionally, a 3-D model-based
tracking and multi-view observation from multiple image
sensors lead to easier estimation of 3-D trajectory of a

vehicle.

1. Introduction

With the increase of traffic jam and accidents at inter-
sections, the development of new traffic monitoring system
using computer vision techniques is desired. The output
from such a traffic monitoring system should include the
trajectories of moving vehicles together with the type of ve-
hicles (e.g.sedan, bus). There are various ways which ex-
tract vehicle trajectories from image sequence. Most of
those methods, however, assumed that a whole road or in-
tersection is visible from a single image sensor. In actual
situations, multiple image sensors are necessary to cover an
intersection, and vehicles must be tracked as they pass
through one image to another.

A major problem with vehicle tracking using multiple
sensors is identification of vehicles observed on different
sensors. This has been discussed as a distributed sensing
problem in research of distributed artificial intelligence
rather than in computer vision. The main issues of the dis-
cussions are how to construct the network of sensor agents
and how to reduce the cost of communication between
agents. Unfortunately, because they assumed acoustic sen-
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sors, only a little information, that is, the power of the
sensed data and the location, could be used for identifica-
tion of vehicles. On the other hand, fortunately, the use of
image sensors brings much efficient information for the
identification. In fact, each vehicle can be detected together
with visual information, such as shape, size and color. The
information could be used for identification of vehicles on
different image sensors and also on successive image
frames. However, it has not been discussed enough how to
manage and utilize the visual information, especially for
identification of vehicles on different image sensors.

In this paper we propose a vehicle tracking system
which detects and tracks vehicles passing through an inter-
section using information obtained from multiple image
sensors. The proposed system is based on multiagent model
to actualize a distributed and concurrent tracking. The sys-
tem has two main components, sensor agents and vehicle
agents. By means of communication between sensor and ve-
hicle agents the trajectories of moving vehicles are detected.

2. System Overview

Fig.1 illustrates a simplified example of vehicle track-
ing system using multiple image sensors. In this case, three
image sensors cover a T-intersection, and each image sen-
sor observes a pre-allocated area with some overlapping
between adjacent image sensors. It is not practical to ana-
lyze all images obtained from multiple image sensors by a
single agent because of huge processing cost for vehicle de-
tection and tracking. The task of vehicle tracking using
multiple image sensors involves the concurrence and coor-
dination of multiagent in the image sensor network.

In conventional methods, each sensor agent is responsi-
ble for a portion of the intersection and obtains partial
tracks. All agents works in parallel and exchange their par-
tial results to converge on complete trajectories of vehicles
(see Fig.2-a). As described before, assuming the use of the
acoustic sensors, a vehicle is detected just as a point which
represents the location of the vehicle. Thus, only a little in-
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Fig.1 An example of vehicle tracking
system using multiple image sensors

formation could be used for the identification of vehicles.

The architecture of the proposed system is based on the
following considerations.

(1) The visual information about the shape of a vehicle and
some features, size and color, which characterize its appear-
ance in images should be used for tracking. To actualize
this, vehicle agents are delegated to keep watch on detected
vehicles. Making use of the visual information detected by
sensor agents and a priory knowledge on vehicle motion,
each vehicle agent autonomously tracks the trajectory of a
vehicle.

(2) Since the main task of a sensor agent is to verify the lo-
cations of moving vehicles based on the information sup-
plied from the vehicle agents only in a pre-allocated area,
the communication between other sensor agents is not
necessary. This condition brings the flexibility in the con-
figuration of image sensors.

(3) A 3-D model-based tracking method and multi-view ob-
servation from multiple image sensors lead to easier esti-
mation of vehicle type and resolution of occlusion.

Fig.2-b shows a conceptual constitution of the proposed
system, Once a vehicle agent is delegated, the vehicle agent
predicts a provisional position and direction for the vehicle
in the next frame taking care of its past trajectory. Then the
vehicle agent announces the hypothesis to all sensor agents
with the visual information. The hypothesizes are verified
by sensor agents. Finally, a complete trajectory of the vehi-
cle through the intersection is reported by the vehicle agent.

In the following sections 3 and 4, we will describe the
functional properties of sensor and vehicle agents,
respectively.

3. Sensor Agents

As described in the previous section, the main task of a
sensor agent is to detect candidates of moving vehicles in a
pre-allocated area. In the proposed system, each vehicle is
handled as a 3-D object, and the position and the trajectory
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Fig.2 Conceptual constitution of the vehicle tracking system

based on multiagent model
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are defined in a 3-D world coordinate system. The goal of
sensor agents is to find the three dimensional position and
direction of the vehicles in every instant. Each sensor agent
tries to fulfil its goal, and knows the way how to break
down the goal into primitive tasks for execution.

The task of a sensor agent is decomposed into four sub-
tasks, vehicle detection, vehicle recognition, vehicle local-
ization and delegation of vehicle agents .

3.1 Vehicle detection

A sensor agent first tries to detect regions correspond-
ing to moving vehicles on each frame of the image
sequence. There are many methods for detecting moving
objects. We have used a picture differencing method which
subtracts the current image from a reference image. This
method has an advantage that even if vehicles become sta-
tionary they can be detected. In fact, there are many cases
that vehicles become stationary at an intersection because
of stop signals or traffic jams.

Vehicle detection are executed not only in the area of
interest requested from vehicle agents but also in the whole
observation area to find new vehicles.

3.2 Vehicle recognition

Sensor agents share the task to determine the type of ve-
hicles with vehicle agents. Our system has 3-D wireframe
models of various vehicle types. Fig.3 shows examples of
the wireframe models. It is difficult to determine the type
of a vehicle uniquely by a single view. However, a set of
widely separated image sensors would give a rich informa-
tion on the shape of vehicles. In our system each sensor
agent independently calculates a certainty score for each
model based on a silhouette matching technique. Certainty
scores are sent to a vehicle agent and combined.

3.3 Vehicle localization
For each vehicle, sensor agents determine the geometric
transformation from 3-D world coordinates to 2-D sensor



N

sedan bus

Fig.3 Examples of 3-D wireframe model

coordinates, and it is called a model fitting. Using the care-
fully defined image sensor and ground plane geometry, and
given a position, direction and size of a 3-D object model,
the model can be easily projected onto the 2-D image, how-
ever, it generally costs computational power to determine
so many variables with no restrictions. We developed a
model fitting method employing three restrictions concern-
ing the vehicle motion, as follows.
(1) The ground plane is assumed to be flat. Additionally,
we assume the geometry of image sensors against the
ground plane is known, The location of a vehicle is defined
in terms of its coordinate on the ground plane.
(2) A vehicle is assumed to be facing to the direction of
motion. The orientation of the 3-D model of a vehicle on
the ground plane can be uniquely determined by the direc-
tion of its 2-D motion on the image.
(3) The width of a vehicle is rather constant compared to
the length or height. So we assume that the width of 3-D
model is constant, This reduces the number of variables
concerning the size from 3 to 2.

Using these assumptions, only four independent vari-
ables should be determined based on the shape information
(position : 2, size : 2).

3.4 Vehicle agents delegation

Once a sensor agent detects a new candidate of moving
vehicle, then a new vehicle agent is delegated with the vi-
sual information of the vehicle, that is, the position and
direction on the ground plane, the vehicle type with its cer-
tainty score, the size and color. If there is an existing vehicle
agent corresponding to that vehicle, sensor agent will send
the visual information to the vehicle agent without generat-
ing new agent.

4. Vehicle Agents

As described in section 2, the main task ( goal ) of a ve-
hicle agent is to track the allocated vehicle as long as it
travels in an intersection. Each vehicle agent tries to fulfil
its goal by means of the commutation between multiple sen-
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sor agents.

The task of a vehicle agent is decomposed into three
subtasks, position prediction, inquiry, and information
analysis.

4.1 Position prediction

Each vehicle agent predicts the position and direction
for the allocated vehicle in the next time according to its
past trajectory. We adopt a 2nd-order polynomial expres-
sion for the approximation of the trajectory.

4.2 Inquiry

After the position in the next time has been predicted,
each vehicle agent will announce the expected position to
all sensor agents. At that time, the area of interest in the
3-D world is set as an attention box as illustrated in Fig.4.
When the attention box or its portion is visible to a sensor
agent, the sensor agent will accepts the inquiry message of
the vehicle agent and requests the vehicle agent to send the
farther information concerning the vehicle. If no sensor
agents accept the inquiry message, the vehicle agent recog-
nizes that the vehicle traveled out from the intersection, and
it autonomously disappears.

Attention box

Attention point

s

Fig.4 An attention box

4.3 Information analysis

According to the answer messages of the verification
from sensor agents, vehicle agents will change their behav-
ior as follows.
[Case 1T When only one sensor agent returned the success-
ful message, the vehicle agent will record the position of
the vehicle. If new certainty score of the vehicle type is
higher than the score recorded in the past, then the visual
information will be renewed.
[Case 2] If two or more sensor agents returned the success-
ful messages, then the vehicle agent will combines the
reported positions according to the certainty scores.
[Case 3] If no sensor agents returned the successful mes-
sage, then the predicted position and direction are adopted.



5. Experimental Results

All components have been implemented on a SPARC
station. However, they are not combined as a multiagent
system yet. Here, we present intermediate results from pre-
liminary experiments for the confirmation of the perfor-
mance of each component with real traffic scenes.

Fig.5 shows some examples of the model fitting. Fig.6
shows the trajectories obtained by using three image

SENsors.

6. Conclusion

In this paper we described a design of a vehicle tracking
system which detects and tracks vehicles passing through
an intersection using information obtained from multiple
image sensors. The following two features characterize the
proposed system. First, the trajectories of moving vehicles
are detected by means of communication between sensor
and vehicle agents . Second, 3-D model-based tracking
method is used to estimate 3-D trajectories.

In father, we will implement the system on a distributed
processing environment to verify the advantage of the pro-
posed system.
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Fig.5 Fitted model on different image sensors
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Fig.6 The trajectories obtained by using three

image sensors





