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1. Introduction

There are many areas of traffic applications where the esti-
mation of traffic states is necessary. A variety of methods can be
applied depending on the environment, i.e. the objects in the scene
and many other factors. This paper concentrates on the estima-
tion of traffic states necessary for calibration of the microscopic
simulation models. Such models describe vehicle dynamics in detail
and can be used to evaluate future impacts of projected new road
constructions or changes in traffic control. Furthermore, the traffic
states of interest are position of the vehicle, its velocity and accel-
eration. Also in this subfield, there are many possibilities how to
obtain the mentioned traffic state values. The important character-
istic of the estimated traffic states is the acquired data precision.
There are not many known results on defining the methodology
which investigates all possible error sources during the process of
traffic state evaluation. The main goal of this paper is to contribute
to the methodology for the error estimation. The traffic applica-
tions that can profit from this work are the traffic simulation
systems which have to be calibrated and this calibration has to be
validated.

The second chapter describes the car following model. This
model is used by the majority of the traffic simulation systems.
The third chapter describes the common framework structure for
vision surveillance systems which is used to collect the data from
the scene. The error sources are identified and the proposal how
to calculate and validate them. The chapters four and five describe
the calculation of the position and velocity and the calibration of

the system, respectively. The final chapter is the conclusion and
the outline of the future work.

2. Car Following Models

Microscopic traffic flow models simulate the behavior of single
traffic participants. The dynamic variables of the model for the
simulated vehicles are the position and the velocity of the single
vehicle. There are many models used in traffic simulation which
basically belong to two major groups: car-following models and
cellular automation models. For this work the model of interest
was the car-following model.

Car following models are also known as time-continuous
models, since the transportation flow is modeled as a continuous
not a discrete process.

The car following process is depicted in Fig. 1, [1]. The vehi-
cles are considered inertial systems. All vehicles are modeled with
the same average characteristics: the average length LV , the average
speed v and the average distance L from the previous vehicle. The
parameter LS is the minimum safety distance between the vehicles.
All vehicles are modeled with the same average parameters.

The basic characteristics of the transportation flow are:
v – Speed [km/h],
K – Density [veh/km],
Q – Traffic volume (intensity) [veh/h]. 
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The density stands for an average number of vehicles on
a unit road length. It can be estimated as

(1)

The traffic volume is defined as an average number of vehicles
that pass a certain point on a road during a unit time interval. The
following equation gives the basic characteristics of a steady flow

Q � K * v (2)

The calibration of the microscopic systems is a challenging
task. The simulation system must be accurate in order to be applic-
able for solving the transportation problems.

After the calibration parameters are chosen, the simulation
model must be validated for its accuracy. The formal representa-
tion of how the model corresponds to reality is as follows:

PR[�reality – simulation_prediction� � δ] � α (3)

The symbol δ represents the difference between the simulation
model and reality, α is the probability that the acceptable differ-
ence δ is met. The metrics suitable for measuring the difference
between the reality and the predicted results obtained from the
simulation.

The inputs for the simulators are of various forms and origin.
Geometric inputs, like lane width, junctions etc, are available
through documented map sources. Others are obtained by cali-
brating the system, i.e. using the field data. The field data can be
classified in the following categories.
– Parameters that can be directly estimated from field data (vehicle

mix, arrival rates, turning percentages)
– Parameters not directly measurable (drivers aggressiveness)
– Tuning parameters that are not real but are required for the

model (free flow speed, lost time)

The traffic states can be determined by the statistical analysis
of traffic flow data observed from surveillance videos at two freeway
locations in the network. The vehicle characteristics and perfor-
mance data included vehicle length, maximum speed, maximum
acceleration and deceleration rates, etc.
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3. Vision Surveillance Framework

This chapter explains the framework of such a system and
shows the layer where this work aims to search for the error sources.

Nearly every visual surveillance system starts with motion detec-
tion. Motion detection aims at segmenting regions corresponding to
moving objects from the rest of an image. Subsequent processes
such as tracking and behavior recognition are greatly dependent
on it. The process of motion detection usually involves environ-
ment modeling, motion segmentation, and object classification,
which intersect each other during processing.

After the motion detection, surveillance systems generally track
moving objects from one frame to another in an image sequence.
The tracking algorithms usually have considerable intersection with
motion detection during processing. Tracking over time typically
involves matching objects in consecutive frames using features
such as points, lines or blobs. Tracking methods are divided into
four major categories: region-based tracking, active-contour-based
tracking, feature based tracking, and model-based tracking.

Behavior understanding involves the analysis and recognition
of motion patterns, and the production of high-level description of
actions and interactions.

4. Position and Velocity Estimation

The described framework shows the sequence of steps used
for the traffic surveillance. For each step there is a possibility to
choose between different methods, depending on the application
of interest. Each chosen method in each framework step is an
error source. For estimating traffic states in this work, the follow-
ing steps depicted in Fig. 2 will be considered:
– Data from Camera
– Environment Modeling
– Motion Segmentation
– Object Tracking

Possible errors when collecting data from camera are related
to the camera calibration and projection geometry. Errors due to
environment modeling relate to the precise estimation of the
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Fig. 1 The Car Following Process

Fig. 2 Vision Surveillance Framework



63C O M M U N I C A T I O N S    4 / 2 0 0 9   �

vehicle position. Possible errors during motion segmentation and
object tracking are related to the estimation of velocity and accel-
eration. The problems to solve are how to estimate the real dimen-
sions from a video picture, depending on the camera position and
the road position in the video image. It is possible to use the GPS
to measure the position of chosen landmarks. The accuracy of
GPS measurements of absolute positions is in the range of 0.01m
to 15m. The theoretical analysis is done to predict the precision
and errors which can be expected for each of the parameters.

The second error source is the quantization both in time and
in space. The traffic states are derived from the sequence of video
images. The position of the vehicle is evaluated in each video frame.
These values give information about the velocity and acceleration.
The video sequence is discrete in time, since it consists of indi-
vidual frames, and in space, since the image consists of individual
pixels. It will be evaluated what filtering can be used and the influ-
ence of the sampling frequency on the accuracy of results.

The frequency of frames is an important parameter for the
calculation of velocity and acceleration. The influence of the fre-
quency on the velocity and acceleration error will be evaluated. It is
obvious, that the higher velocities alse demand the higher frequency
of the video frames. It will be considered what minimum frame
frequency is necessary for evaluation of vehicle velocity and accel-
eration depending on the range of these traffic states. The theoreti-
cal analysis will be done to determine, depending on the measured
velocity, what frequency rates are sufficient so that the increase of
frame frequency above this value results in no significant decrease
in error. In case, that the vehicles overlap, there is a problem of
identifying the seperate vehicles. A vehicle either remains uniden-
tified, or it is not identified in certain frames. This problem can be
significantly reduced with the increase of the frame frequency,
since the vehicles, if not identified in all frames, would be identi-
fied in some of them and by carefully choosing the algorithms for
vehicle tracking.

5. Calibration of the Microscopic Systems

The statistical data obtained from the surveillance systems are
used as input of the model generator of a microscopic simulation
system. How to obtain the vehicle count, velocity and acceleration
was described in previous chapters. The velocity of an observed
vehicle is measured at the specific points in the scene to enable
modeling of the driver behavior.

The figure below shows one measurement of successive veloc-
ities at the junction to model the behavior of drivers when turning
to the right.

6. Conclusion

The further work will concentrate on the implementation steps.
The implementation of the image processing methods as a soft-
ware program should enable practical validation of the proposed
method improvements. The video data collected with cameras will
be processed. The calculated traffic states are going to be used as
the calibration parameters of the simulated model. The simulation
model at the University of Zilina will be used. The model shall be
calibrated with the gained traffic states describing the driver behav-
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Fig. 5 Velocity profiles of various driver behaviors

Fig. 4 Velocity estimation at various positions in the scene

Fig. 3 Position Estimation: Determining the vanishing point and using landmarks
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ior. The simulation will deliver the simulated traffic sequences
which can be used to verify the results. Based on these results, the

final evaluation of results and conclusion will be made. The sta-
tistical evaluation of the results will be also performed.
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