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ABSTRACT
In this paper a number of ethical implications of ITS monitoring and surveillance will be considered. Many 
people consider closed-circuit television (CCTV) monitoring and surveillance in public places, especially on 
the road or in the street, to be practically unavoidable, but also an infringement of important privacy-based 
rights of persons, e.g. drivers and passengers. It can raise a few privacy issues which, if left unsolved, could 
jeopardize the wider deployment of CCTV-based ITS. It could happen that CCTV systems are not used mainly 
for monitoring the flow of vehicles but rather to supervise some people. At what point does the monitoring 
and surveillance of persons become unethical? My article has to identity a few ethical conditions under which 
CCTV monitoring and surveillance in road ITSs may be considered to be morally justified. The paper refers 
to the following issues: problems with ITS monitoring and surveillance of persons, philosophical and ethical 
concepts of privacy, legal regulation on personal data privacy in EU and Poland, ethical issues of privacy in a few 
road transport ITS applications, and the problem of ethical justification of ITS monitoring and surveillance.

KEYWORDS: CCTV-based ITS, monitoring and surveillance, ethical implications, moral justification

1. Introduction

CCTV technology raises numerous ethical issues in the area of 
ITS applications in road transport. First of all, CCTV technology 
provides the increased road safety and efficiency of ITS, but also 
numerous concerns regarding to protecting the privacy of persons 
while travelling. Privacy [7] is often seen as a primary good, more 
similar to a personal dignity, instead of merely instrumental good. 
The basic ethical problem in the area is how to draw the line between 
road safety and security of travellers and privacy of their personal 
data as moral goods (values). In other words, how to practically 
compromise them? Ethics is seeking to answer the question, what 
ought we to do in such a situation? To fully understand the ethical 
problem of road safety versus privacy in ITS, we should, first of all, 
to analyze the notions and connections between person’s privacy 
within CCTV systems and safety and security in a few chosen ITS 
applications.

2. Monitoring and surveillance 
of vehicles and persons in 
road transport 

The words monitoring and surveillance have similar meanings. 
The word monitoring, from Latin, refers to the activity of a person 
who is charged with keeping order in some area, etc. The word 
surveillance, from French, literally means ‘to watch from above’. 
Contemporary the two words are used in the United States and in 
other parts of the world in a special sense of a TV screen displaying 
the picture from a particular camera within Closed Circuit Television 
systems (CCTV). 

CCTV serves as the “eye in the sky” for, for example, the 
government, especially police, businesses, and people, always 
watching from above. Video monitoring and surveillance in ITS are 
very useful to law enforcement to maintain social control and 
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monitor traffic order and threats on the road or in the street. But 
paradoxically they may allow to limit civil rights and privacy of 
drivers, etc. Hence the decision to use video-surveillance systems 
should not be taken easily and usually requires a careful assessment 
of the potential of its impact on the rights to privacy of those in 
the area of coverage.

The objects of CCTV monitoring and surveillance in the street 
or on the road can be vehicles and people. Each of them can be 
identify. It means that the image of a person or vehicle may 
be singled out in mass monitoring and surveillance. The exact 
information (data) on a given person or vehicles can be gathered, 
recorded, preserved and displayed within CCTV systems, and 
processed later for various purposes. 

3. Technique of CCTV data 
collecting in ITS

Nowadays there are two basic techniques of data gathering in 
ITS applications though analog and digital CCTV systems. Analog 
CCTV systems use one of two main conduits to transmit visual 
data about the object of monitoring and surveillance. The most 
common is a wired configuration. In wired CCTV systems the 
image data runs a cable or wire between the camera and the 
monitor. In wireless CCTV the image data is transmitted when 
the distance between the camera and the monitor is too far to be 
practical for a cable run or when cables aren’t practical because 
of other reasons, e.g. aesthetics. Digital CCTV often uses Internet 
Protocol (IP) cameras. Such a camera contains the camera and 
proper hardware and software in order to convert e.g. video signals 
into a stream of packets that can later be transmitted over a local 
area network (LAN) wide area network, (WAN), and over the 
internet. It is clear that the kind of used CCTV system in ITS 
applications has some impact on the quality of mass monitoring 
and surveillance of drivers and vehicles, especially the privacy of 
drivers and passengers.

4. Personal, impersonal, and 
semi-personal data in ITS 
application

General speaking, the data which are collected by any CCTV 
system may be divided into three categories: personal, impersonal 
and semi-personal data. The personal data is the data which is strictly 
connected with a given driver. For example, the image of the face of 
a driver or passenger. It is the most privacy-sensitive data in a few 
ITS applications, and hence it should be partly protected according 
to the legislation (the protection of personal data regulations) of 
a country. The impersonal data has no value from the point of view 
of privacy. However it usually has a great practical value for traffic 
monitoring and vehicle surveillence, etc. Generally, it is some data 
on a vehicle as such. Vehicle surveillance refers to technologies 
collecting a variety of data (information) about specific vehicles. 
These technologies include weigh-inmotion devices, vehicle 

identification, vehicle classification, and vehicle location. But 
the semi-personal data may be placed in the middle on a scale 
between the opposite: personal and impersonal data. A good 
example of the data is the number plate of a car within automatic 
number plate recognition system – ANPR.

In some IT systems it can be used to identify easily the owner 
of a given car, and later the driver of it. It helps law enforcement 
and monitor threats in the street and on the road. In sum the 
division of CCTV data into three categories is of great useful 
for discussing the problem of road safety versus privacy in a few 
road transport ITS applications. But now it is vital to explain 
a number of philosophical and ethical concepts of privacy, and 
legal regulation on data privacy in EU and Poland.

5. Philosophical concepts of 
privacy in public places

Even in a public place, this is, in the street or on the road, we feel 
that we have some privacy. But how much privacy do we actually 
have? To answer to the question is not easy. There are many opposite 
opinions among drivers and passengers. The broad dissemination 
of CCTV systems during the last years in many countries has 
caused that even philosophers have been analyzing the problem 
of privacy in public places. They have formulated a number of 
philosophical concepts of privacy [7] which can be applied to 
understand the privacy of drivers and passengers in road transport. 
Consider a few of them. One of them is privacy as nonintrusion in 
the sphere of a persons’s privacy. Another is conceived as freedom 
to act. Still another is the concept of privacy as control we have over 
information (data) about ourselves. The next one is the concept 
of privacy as restricted access to personal and semi-personal data 
about persons which are stored within CCTV systems in their data 
banks. At last we are not sure of how personal and semi-personal 
data will be revealed to others. It is impossible to consider in detail all 
the mentioned conceptions of privacy but the intuitions contained 
into them have a deep impact on our understanding the problem of 
privacy of personal data in CCTV within several road transport ITS 
applications. Additionally, the philosophical conceptions of privacy 
have a basic influence on legislation on personal data protection and 
ethical aspects of privacy.

6. Legal regulation on CCTV 
regulation and personal data 
privacy protection in EU

CCTV legal regulation [3] varies greatly across Europe. Its 
employment is regulated by quite different state data protection 
acts, by police laws and codes of criminal procedure, by specific 
laws on video surveillance and furthermore special regulations 
for locations such as banks or sport stadiums. In some countries 
regulation exists both in regard to private CCTV systems and public 
systems. However in some countries there exists a lack of CCTV 
regulation. Such a situation may have a great implications on ITS 
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deployment in Europe. According Peter Hustings, the European 
Data Protection Supervision (EDPS), may lead to different levels of 
data protection in Europe. What is more, a kind of data protection 
issues at EU level is needed. The deployment of CCTV-based ITS 
has considerable data privacy implications in the Member States 
of EU. The most important is the answer to the questions, who is 
the data controller in each of the EU countries, who is responsible 
for ensuring that CCTV systems, especially in road transport ITS, 
work properly as to personal data protection privacy? 

It is worth noticing that there is a document entitled, EPDS 
Video Surveillance Guidelines [8], in which we can find a set of 
recommendations for European institutions and bodies on how 
to design and operate their video-surveillance systems. There are 
similar documents in a few countries on the same issue, for example, 
in Great Britain. It is clear that ITS constitute a “data-intensive areas” 
and raise a number of privacy and data protection issues. 

The problem is in front of the people who are responsible for 
the deployment of road transport ITS applications in Poland. The 
Polish Act on Personal Data Protection of the 29 August 1997, 
which implemented EU Directive 95/46/EC, is regarded as the first 
dedicated legislation in this area. This is also reflected in Articles 
47 and 51 of the Constitution of the Republic of Poland of 1997. 
Article 47 ensures the legal protection of the private and family 
life of citizens, and Article 51 limits the circumstances in which the 
state can gather the personal data. In Article 1 of The Polish Act on 
Personal Data Protection we find the following general provisions 
that any person in Poland has a right to have his/her personal data 
protected, and the processing of personal data can be carried out 
in the public interest, the interest of the data subject, or the interest 
of any third party, within the scope and subject to the procedure 
provided for by the Act. However it is difficult to find any Polish 
document similar to, for example, EPDS Video Surveillance 
Guidelines, to be used for creating a guidelines on personal data 
protection in CCTV-based road transport ITS in Poland. Maybe it is 
too early taking into consideration the real level of ITS deployment 
in Poland. 

7. General ethical aspects of 
persons’ privacy in CCTV-
based ITS

Many ethicists consider human dignity to be a vital ethical 
norm. It seems to them that CCTV monitoring and surveillance 
constitute a threat to their dignity and personhood , that is, to treat 
them like “physical” objects to be observed. Additionally, CCTV 
monitoring and surveillance often enables in some situations 
to gather confidential personal data and dissemination of them 
without their consent. The date are collected silently, even without 
the awareness of drivers and passengers. In sum, invasion of 
privacy is best understood by some people as a kind of affront to 
human dignity.

Another objection of a number of ethicists is related to taking 
and using personal data and images of persons without their 
permission. The concerns about unauthorised images have 

exploded with the ease and accessibility in newspapers or online 
publications. “Surveillance” means often secret observation of the 
activities of another person for the purpose of spying upon and 
invading the privacy of the person.

For some ethicists it is a kind of stealing of somebody’s property. 
What makes stealing wrong? It seems that it hurts other persons. 
It takes something from them that belongs to them. The images of 
a person fully belong to him or her. Besides, the personal data and 
images may be used against a given person. 

Still another potential moral is voyeurism that CCTV may bring. 
Voyeurism is a kind of psychosexual disorder in which a person 
(an operator of CCTV system and sometimes third persons) 
derives sexual pleasure and gratification from looking at the 
some “hidden” parts of other persons’ body. However, such 
a situations could especially occur when a body scanner is applied 
as at a few airports. 

In sum the ethical issue is how to avoid CCTV cameras from 
potentially monitoring every move of person and her or his body, 
and diminish a few negative moral consequence for a travelling 
person.

8. Particular ethical issues of 
privacy in a few road transport 
ITS applications

There exists a number of ITS applications in road transport that 
can be discussed about from an ethical point of view on privacy. 
First of all, it is enforcement of speed limits by using speed cameras 
within CCTV-based ITS. However, when using CCTV section 
control is used, all drivers have to be photographed by cameras, 
while today only drivers who are speeding are photographed. 
The next one is enforcement of paying for the usage of road 
infrastructure, e.g. within toll monitoring and surveillance [9]. 
The last one in the situation of road accidence when quick help is 
needed. We can see that the reasons of applying of CCTV cameras 
are sometimes various, that is, enforcement of legal regulation on 
the driver and a quick medical service to save a injured person’s 
life. In the three situation driver’s privacy may violated, however, 
in a various degree. It is impossible here to discuss the cases in 
detail. 

9. The ethical justification 
of privacy violation in ITS 
monitoring and surveillance

For some ethicists it is obvious that the violation of person’s 
privacy should be justified by giving one or few ethical reasons. 
Generally speaking, the basic reason in the ethical justification 
of privacy violation is the good of monitored people, e.g. drivers 
and passengers. Their safety in the road or road traffic is given 
as the main reason of applying surveillance of them and their 
vehicles with CCTV. Furthermore, in many countries by adding 
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the threat of terrorism has only increased the feeling of insecurity 
in public places, that is, on the street and on the road. That 
creates worldwide an additional push for camera monitoring and 
surveillance systems.

10. Concluding remarks

Today, people are often unaware when they are being monitored 
by CCTV systems in road transport, and, it is a pity, that they may 
never have the chance to stop this unlawful and unethical intrusion 
in a number of situation. It seems that privacy in today’s and future 
society is becoming more of a luxury rather than a human right 
to be observed. However, we must agree with the opinion that 
CCTV monitoring and surveillance should be appropriate only 
in certain restrictively-defined situations. In sum, it is the ethical 
responsibility of the drivers and passengers to protect their own 
privacy by not allowing unethical uses of CCTV monitoring and 
surveillance in road transport ITSs. 
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ABSTRACT
The paper describes an initial approach adopted by the authors to create a system usable to monitor the road 
surface deformations in time and to model them in the 3D environment. To obtain measured data a 2D laser 
scanner is used to measure a distance of the real environment points. The main part of the paper deals with the 
derivation of formulas used by a measurement unit to calculate the point coordinates. The formulas result from 
and reflex a method of 3D measurement using an accelerometer and a gyroscope. The practical experiments have 
confirmed the ability of the measurement unit to scan the road deformation and the surrounding environment.

KEYWORDS: laser, scanner, visualization, 3D model

1. Introduction

The permanent growth of road traffic intensity affects 
adversely quality of roads. There are different defects of roads like 
cracks, potholes, longitudinal and transverse humps, ripples of 
surface, local declines or longitudinal beaten tracks. Each of them 
has a negative impact on comfort of driving and causes wear-out 
of some parts of road vehicles. A lot of measurement methods and 
devices have been developed and designed to measure road surface 
quality [1]. The trend is to move from manual measurement 
methods to those performed by electronic measurement devices. 

The most sophisticated solutions are based on usage of contactless 
measurement methods based e.g. on measuring the fly time of a laser 
impulse which represents measured distance between the device and 
the road surface. In general, the laser scanner interface outputs the 
contour data on the recorded surroundings in the form of constant 
raw data. The 2D profiles of the surrounding area are scanned by the 
multiple pulsed infrared (IR) laser beams transmitted via a rotating 
lens head. Maximal pulse frequency of the laser diode in our case is 
14.4 kHz to produce a maximal head rate of 15 times per second. 

The raw data of the used laser scanner need processing before 
we can utilize them to measure road surface deformation and to 
record road surrounding area. The derivation of equations used 
for calculation of points coordinates are described below.

2. Method Suggestion for Data 
Processing 

There are several possible approaches to how to perform 
particular measurements. This paragraph describes theoretical 
background for one of them as continuation of previously 
presented results [2].

2.1. The Basic 2D Measurement 

Mathematical equations used for 2D measurement are based 
on parametric equation of a circle. Parametric equations of a circle 
are utilized to calculate x, y coordinates of the desired points 
(Fig.1). The mentioned equations are 

         rx *)cos(     (1)
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Fig. 1. The placement of a point in a circle

       ry *)sin(   (2)

Information about measured points of surrounding space is 
obtained from the laser scanner. There are data about an initial 
angle, a number of measured points, an angle difference between 
points and a distance between the laser scanner and a measured 
point. These values are used to calculate x, y, z coordinates by 
application of a suitable method. 

According to the number of measured axes suggested approaches 
can be divided into:

2D measurement – scan of one profile of space;
3D measurement – scan of a whole space. 

2.2. Automatic 3D Measurement Using an 
Accelerometer and a Gyroscope

The method of automatic 3D measurement of the road surface 
deformation expanded to include measuring of surround space is 
an automatic method able to handle the measurement device (for 
short MD) shift and the measurement device tilting in three axles. 
The movement of MD is recorded by the accelerometer and tilting 
of MD is recorded by the gyroscope. 

The method of automatic 3D measurement using the accelerometer 
and gyroscope is based on automatic measurement of space 
selections with a given time interval. The shift of an initial point of 
the measurement caused by moving and tilting of the MD is counted 
when computing the coordinates as well. It is then possible to 
create 3D object composed of more measured space selections 
where the coordinates of all three axles depend on MD movement. 

The accelerometer provides acceleration of the MD. It is appropriate 
to use the acceleration formulas to compute a trajectory of the MV in 
time t and acceleration a. 

   2
* 2taS   (3)

The method of automatic 3D measurement utilizing the 
accelerometer and gyroscope is based on automatic measurement 
of space selections with a given time interval between individual 
measurements. It is necessary to apply the modified acceleration 
formulas to compute the differentiation of moving in space. The 
differentiation of moving in space is computed for every axle.      

The modified acceleration formulas:

                              2
* 2taS X

X
  (4)

                              2
* 2taS Y

Y
  (5)

                    2
* 2taS Z

Z    (6)

The modified acceleration formulas are used to compute 
the shift of the zero point of the coordinates of the n-th space 
selection. 

 
2
*__

2

1
taXzeroXzero Xn

nn
  (7)

  (8)

  (9)

Mathematic equations for automatic 3D measurement using 
the accelerometer and gyroscope are based on acceleration 
formulas and parametric equations of a sphere. The parametric 
equations of the sphere are being used to compute x, y and z 
coordinates of the point of the interest (Fig. 2) which is defined by 
the radius and the angles between coordinates x, z and the point 
itself. 

Then equations for coordinates of the point in sphere can be 
defined as follows:

)cos(*)sin(*0 rxx     (10)

)sin(*)sin(*0 ryy    (11)

)cos(*0 rzz     (12)

Fig. 2. Coordinates of the point in the sphere

The laser scanner provides data representing measured points 
using initial angle, counts of measured points, angle difference 
between points and distances between the laser scanner and 
measured points. It is necessary to modify the parametric equations 
of a circle, particularly computing of the i-th measured point in the 
n-th space selection to apply these data. The angle which is between 
the measured point and x axle is given by sum of mechanical 
rotation of the laser scanner, initial angle and multiple of the serial 
number of the measured point in a given space selection and angle 
difference. 

The value of computing cycle repeating is set on the base of 
the number of measured points. Computing is repeated so many 
times how many measured points exist. The sequential number of 
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the particular measured point is incremented in every computing 
cycle of the space selection. 

Then the modified equations for computing of the i-th measured 
point in the n-th space selection can be defined as:

 (13)

       (14)

             (15)

            (16)

   (17)

       (18)

   (19)

The main advantages of the automatic 3D measurement using 
the accelerometer and gyroscope are possibility to measure the 
whole space through measurement of space selections, ability to 
create a 3D model of the measured space and minimal control 
needed. On the other hand, what is disadvantageous is a higher 
number of the computing cycles; a need to use external gyroscope 
and accelerometer and high dependency between accuracy of 
the accelerometer and gyroscope and final results accuracy. The 
method of automatic 3D measurement using the accelerometer 
and gyroscope is able to handle a motion and tilting of the MD.   

3. Implementation of the 
Measurement Unit  

This paragraph gives some implementation details. 

3.1. An Approach to Processing of Measured 
Scanner Data

The measurement data can be processed in the following ways: 
Off-line processing – the collected data are being processed 
after measurement and coordinates are computed from 
collected data. 
On-line processing – the data are being processed and 
coordinates are being computed during the measurement.

The measurement device which measures road surface degradation 
in time and scans surrounding space has been realized experimentally. 
There are several steps of data processing: 

Analysis of data obtained from the laser scanner;
Computation of the number of bytes in data structure of the 
packet; 
Computation of angle difference;
Computation of the number of measured samples;
Computation of the initial scanning angle;
Computation of the measured distance;
Determination of a measured point coordinates;

Development of measurement unit software for on/line 
processing;
Visualization of measured data. 

The essential part of realization of the measurement unit 
discussed in this paper is indicated by bold letters. 

3.2. Results of Experimental Measurements

The primary usage of the MD is focused on measurement of road 
surface deformations and scanning of the surrounding environment. 
Ability of the MD to record road surface deformations (roughness) 
and local environment has been proved by experiments inside the 
university buildings. Several photos as obtained in [2] are shown 
below.

Fig. 3. Photo of the measured corridor and its 3D model with 

distance labelling

Fig. 4. Photo and the corresponding 3D model of the corridor 

having the door opened

Fig. 5. Photo and the corresponding 3D model of two small boxes 

representing roughness occurrence

4. Conclusions and Future 
Studies 

The derived formulas applicable in the method of automatic 3D 
measurement using the accelerometer and gyroscope have been 
confirmed by experimental measurements. In this case the third 
axis has been incremented in time. The mentioned equations have 
been successfully utilized to compute points coordinates based 
on a set of obtained raw data. The re-calculated coordinates have 
been simply visualized. The results of measurements have proved 
that the laser scanner working on the base of the TOF (Time of 
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Flight) method is able to record both unevenness (roughness) of 
the road surface and surrounding space. 

In the case of the laser scanner used there was a limit of the 
maximum scanning frequency and scan accuracy for small 
distances (lower than 1 meter). As a better solution it seems to 
use a higher frequency scanner. For the maximum velocity of 
scanner head rotation (15Hz) velocity of the system as a whole 
may not exceed 15 km.h-1 to reach distance of profiles 10 cm. This 
condition is a reasonably limiting factor for the application to 
be developed. Velocity could be doubled by usage of 2 scanners 
having the same parameters. 
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ABSTRACT
The transport forms an inevitable condition for the management and effective working of the economics and 
the society as a whole. Its wide range of use and quick development are often considered to be the main reasons 
of undesirable side effects on the environment. A growing number of cars on roads and highways contributes 
substantially to the air pollution. Therefore the international and national organizations are trying to find ways 
and mechanisms how to improve the environment together with the extension of traffic network. The cumulating 
problems of the unfriendly environmental impacts of transport should be resolved. The problems are being solved 
with an active approach, which is oriented to the prevention or early elimination. The solving of these problems 
belongs to the sphere of Resort of Transport and Environment. It is necessary to focus on this way prior to the 
after-effects solving.

KEYWORDS: Telematic Application, Fatalities, Enviroment

1. Introduction

The challenge of the EU in this area is to reduce the emissions 
and the energy consumption due to transport activities, in order to 
avoid or to reduce the related environmental impacts (mainly the 
air pollution in urban areas, with the consequent effects on human 
health and on local and regional environment, and the production 
of greenhouse gases), without affecting the economic growth. In 
other terms the challenge is a sustainable growth of transport. 

A majority of accidents is caused by the fact that someone 
misses something in a critical point in time. According to IT 
experts, there are approx. three million bits of information attacking 
the human mind every second. The human brain, however, is able to 
process 16 incentives in a second. The actual reception is dependent 
on the attention. Psychologists say that a healthy and relaxed 
person is able to receive up to 6 impulses in 1/10 second but this 
number drops to around 2-3 while driving. Speed and traffic 
situation complexity is also important. It is essential that the driver 
appropriately filters the relevant impulses and rejects the irrelevant 
ones, e.g. pedestrians on the sidewalk or billboards. In contrast to 

other means of transport, the participants in the road traffic are 
now always experienced professionals. [2]. As is apparent from the 
traffic accidents, more than 95% of accidents is caused by human 
error, neglecting driver’s responsibilities, incorrect assessment 
of situation and his/her abilities etc. The operational measures, 
which are mainly in the field of organisation, regulation and traffic 
control, are an inseparable part of the traffic/transport system. 
It is a condition to effective utilisation of transport vehicles, 
transport routes and provision of steady, safe and efficient traffic. 
Efficient transport services are crucial from perspective of the 
competitiveness of European industry. Transport contributes greatly 
to its growth, but also creates negative externalities, which are, for 
instance, estimated for 1,1% of the European GDP [10]. Overload 
of the roads constantly increases and deprive the GDP of more 
than 1%. In the meantime, safety has increased significantly, but the 
situation is still not satisfactory. [8] Looking ahead, the expected 
reduction of the number of fatal accidents should continue until 
2020 with the aim to reduce their number about 75% of the state 
in 2001. 

The Slovak Republic as a full member of the European Union 
respects the recommendations of the European Commission in the 
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sphere of road safety and is trying to accomplish them. Slovakia 
has not succeeded in meeting the obligations despite a great effort 
to prepare legislative and technical conditions for achieving the 
goal to reduce consequences of road accidents in 2010 which 
was to reduce the death toll by half and which was adopted when 
entering the European Union. (see Figure 1).

Fig. 1. Death toll in the Slovak Republic in the given period [10]

The development of transport in all its sectors is linked with 
the integration to the advanced countries and with developing of 
the society. Year by year, the number of vehicles is increasing on 
the roads as well as new drivers and with this situation is associated 
lot of negative effects. The number of road accidents and their 
consequences increase in the consequence to lack of conditions for 
the realization of transport education, low discipline, aggressive 
driving, violation of fundamental duties and low legal awareness 
of drivers and other participants of road traffic. [5, 7]

Traffic accident rate as a serious social problem requires 
a comprehensive and effective solution that shows features of 
a coordinated and aimed procedure by all stakeholders and 
institutions with a broad public support. [3]

2. Introduction

The environmental impact of increased road traffic can be seen 
in local, regional and even global merit. Basic negative factors are the 
production of harmful smokes from internal combustion engines, 
pollution of the air, water and soil, the noise and vibrations from 
traffic operation also the taking up of valuable soil for transport 
connected buildings.

Significant external costs are caused by: [8]
accidents, generating a whole range of costs which are only 
partly covered by mutual risk insurance schemes (loss of life, 
medical care and disabilities sustained by victims, loss of 
production, etc.).
air pollution, emission of particulate matter, carbon monoxide, 
lead, volatile organic compounds, nitrogen oxides and sculpture 
dioxide, damaging health, the environment and buildings.
climate change, greenhouse gases (mainly carbon dioxide – 
CO2) have an enduring impact on the earth’s climate, resulting 
in increased desertification, raised sea levels, serious harm to 
agriculture and other destructive environmental and health-
related side-effect.

noise, transport generates noise, which adversely affects humans 
in a variety of ways, causing disturbances, stress and more 
serious health problems.
congestion, more vehicles are being added to already dense 
traffic flows, particularly car traffic flows, paralyzing the system 
and leading to substantial wastage for all users. Congestion 
makes the entire transport system inefficient.

Total external costs (excluding congestion costs, with climate 
change high scenario) are amounted to 650 billion €, being 7.3% 
of the total GDP in EU 17 (5%). The most important mode is road 
transport, causing 83,7% of total cost, followed by air transport, 
causing 14% of total external costs. Railway transport (1,9%) and 
waterways (0.4%) are of minor importance. 

In road transport, climate change is the most important cost 
category with 30% of total cost, if high shadow prices are used. Air 
pollution and accident costs amount to 27% and 24%. The costs 
for noise and up- and down-stream processes each account for 7% 
of total costs. [4]

3. Telematic Applications in the 
Road Transport

Well-working control systems, affecting transport in residential 
areas or rural zones, improve the steadiness of traffic flows and 
reduce the numbers of accidents, congestions, psychic overload 
of drivers and improve the comfort and quality of transportation. 
Three-layer hierarchy is suggested for applications in road transport. 
In the hierarchy of town systems, the first layer is defined by 
individual transport nodes (traffic light systems on crossroads, 
parking systems, tunnel management systems etc.). The second 
layer is management at the area level. The third layer is constituted 
by head offices which are the highest stage in the hierarchy and 
contains several areas.

Traffic management systems combine the new and existing 
traffic managements as well as control systems for the optimization 
of traffic flow on motorways and urban and suburban expressways. 
Primary feature is the integration of traffic control subsystems 
(e.g. signalization, motorway and transit control systems) and the 
provision of dynamic checking in real time in a way that reflects 
the changing traffic conditions. In the urban areas this represents 
so-called “intelligent communication” to be used by the “intelligent 
vehicle” [2].

An important function is the providing of wide range of 
information to drivers and passengers in the vehicles which 
allows more effective utilization of road network. Information 
about direction, routes and driver services are sent directly into 
the vehicle. Information about transport congestions as well as 
information regarding dynamic navigation en-route is dependent 
on the communication link between the vehicle and main office. 
This information can be transmitted anytime as a continuous 
traffic monitoring. The knowledge of intensity provides realistic 
and immediate picture of traffic situation. Accurate and current 
information about traffic intensity at individual sections, 
announcements on accidents, dynamic route information that 
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can be supplemented with other type of information, e.g. parking 
options, recommendations to detours, hotels etc. are sent to other 
participants of the transport process. The question is how much 
information is the driver able to process to react optimally. The 
goals of mobile systems for dynamic direction finding are:

to navigate drivers and to recommend a place for joining a lane 
according to current traffic intensities and average speed of 
traffic flow;
to reduce the length of queues;
to eliminate aggressive behaviour of drivers;
to reduce negative externalities through optimal en-route 
navigation.

The main objectives of transport telematics are to offer to traffic 
users’ intelligent services, which must be considered at several levels 
and they are:

services to travellers and drivers,
services for infrastructure administrators,
services for transport operators (carriers), 
services for public administration,
services for security and rescue system,
services for financial and control institutions.

The basic components of transport telematic systems include 
the following fields:

Electronic payments,
Management of security and rescue measures,
Management of traffic processes,
Management of public passenger transport,
Support at management of means of transport,
Support of people’s mobility,
Support of supervision over adherence to regulations,
Management of freight transport and forwarding agents.

4. Transport and Traffic Database

Assistance systems are the main challenge. They are based 
on communication (data exchange) not only among vehicles 
themselves but also vehicles and infrastructure. These so called 
Intelligent Assistance Systems promise great benefits in the sphere 
of efficiency of transport systems and road safety. These benefits 
include mainly increase the capacity of the road network, reduce 
congestion and pollution, shorter and more predictable time of 
driving, improving traffic safety for all participants of road traffic, 
lower operational costs for vehicles, better organization and 
management of road networks. 

So what is a Co-operative System? These are in fact a very recent 
development in the area of ICT-based road transport applications. 
Examples of systems under development include traffic control and 
management systems; intersection collision warning applications; 
weather and road condition warning systems; route guidance to 
avoid traffic congestion and, consequently, wasting fuel; as well as 
information tools, for example advice on the location of nearby 
car parks with available parking spaces. Communications among 
vehicles (called vehicle-to-vehicle communications) and also 

two-way communications between vehicles and Information 
and Communication Technologies incorporated into the road 
infrastructure (called vehicle-to-infrastructure communications 
or, infrastructure-to - vehicle communications) are crucial for the 
delivery of such applications. The usefulness of co-operative road 
transport applications is very much dependent upon achieving 
a critical mass of vehicles installed with the equipment and the 
technologies needed to deliver the desired services. The road 
infrastructure must also be extensively fitted with the necessary 
sensing, communications, and information devices. Crucially,  ensuring 
communications between all elements in the system is necessary, 
and an agreed Communications Architecture is essential for this. 
Developing of such architecture is one of the important research 
objectives and so that is being pursued in Europe, research that 
will help to ensure world leadership for Europe’s road transport 
sector. What is more, this architecture will also provide the means 
of delivering a coordinated and integrated European input to the 
development of standards.

Cooperative systems for transmitting information in real-
time use communication among vehicles (Vehicle-to-vehicle) and 
between vehicle and infrastructure (Vehicle-to-Infrastructure) 
hold the promise of major improvements in the efficiency of the 
transport system, improve safety for all road users and increase the 
convenience that the mobility provides. The work on cooperative 
systems started in Europe in the fifth and sixth Framework 
Programme CVIS (Cooperative Vehicle-Infrastructure Systems) 
is a major European research and development project aiming 
to design, develop and test the technologies needed to allow cars 
to communicate with each other and with the nearby roadside 
infrastructure.

Cooperative Vehicle-Infrastructure Systems CVIS – benefits 
are (to):

increase road network capacity, 
reduce congestion and pollution, 
shortened and more predictable journey times, 
improve traffic safety for all road users,
lower vehicle operating costs, 
more efficient logistics, 
improved management and control of the road network (both 
urban and inter-urban), 
increased efficiency of the public transport systems, 
better and more efficient response to hazards, incidents and 
accidents.

5. National System of Traffic 
Information

Establishment of the NSTI is needed to achieve a significant 
reduction in traffic accident rate. The main objective will be the 
ensuring the greatest temporal and territorial extent of road 
network passage and improve safety and traffic flow through a reliable, 
functional, efficient and safe road transport system. [1,10]

National system of traffic information: Complex system 
environment for collection, processing, sharing, publishing and 
distribution of traffic information and traffic data on:
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current traffic situation on the road network,
the network of road communications, components and 
equipments, 
environment for administration and operation of applications 
and systems over the traffic information and traffic data in 
connection with uniform geographical model of road network

Main goals are to:
provide serviceability of road network.
increase safety and continuity of road traffic and
minimise negative impacts from road traffic.

The ensuring of the road network passage means to have 
continuously updated traffic information and traffic data of all 
phenomena or events that partially or fully limit passage or 
negotiability of the network in some areas or sections, directly or 
indirectly affect the safety or continuity of the road traffic.

It is important to present the domains of National system of 
traffic information, which are: 

Generation and collection of information, 
ITS of big agglomerations, 
ITS of main roads.

On the 14th of January, 2009, The Slovak Government admitted 
the „Programme of support of development of ITS “. The total 
investments are calculated on 118,8 mil. €. Issue of Slovak 
road administration is included in the Operational Programme 
Transport for years 2007 to 2013. Under the terms of the European 
framework, there is specified Action plan for the deployment of 
ITS in Europe and Directive 2010/40/EU on the framework for the 
deployment of ITS in the field of road transport and for interfaces 
with other modes of transport.

National system of traffic information has lot of benefits that 
are needed in Slovakia. We can classify to the general benefits, 
which are:

reduction of traffic accidents and their consequences, 
global increase of road safety,
decrease of road users´ delays, reduction of travel time and 
increasing of traffic fluency,
direct influence on road users behaviour, motivation for 
responsibility,
support of effective deployment of information technologies, 
ITS and telematics systems into the transport segment,
establishment of local, regional, national and international 
interoperability in the area of: traffic information and traffic 
data, information exchange on current traffic situation, sharing 
of road network information, traffic control and so on,
establishment of conditions for development of Tran European 
road network and enhancement of traffic operation.

We cannot forget the roads users and some important benefits 
that follow from National system of traffic information. The main 
benefits for road users are:

aims of the project from point of view of driver – reach the 
destination: safe, continuously, quickly, directly at reasonable 
costs and by the quality roads, 

reduction of travel time of persons and freight (bottleneck, flow 
congestion, crossroads), 
reduction of accident risk (critical accident localities) – safer 
driving,
reduction of fuel consumption and emissions, 
availability of traffic information, continuity of ITS services, 
planning of shipping (multimodal),
optimisation of routes (time, costs), 
less time delay, vehicle wear, 
more effective rescue systems.

Fig. 2. Structure of the national system of traffic information [1]

Economical benefits of the project are: [1]
Reduction of travel time of persons – 2016: 2,6 – 2026: 3,6 
mil. hours per year).
Reduction of travel time of freight – 2016: 718 – 2026: 976 
thous. ton.hour per year.
Reduction of accident rate (social costs) – 50% decrease 
of fatalities (in 15 years) or 14 mil. EUR: 2016/17,2 mil. EUR: 
2026 per year.
Reduction of fuel consumption – aprox. 2,8 mil. EUR per year.
Reduction of air pollution (NOX, SO2, NMVOC, PM2.5) – 
3,55 mil. EUR: 2016, 3,67 mil. EUR: 2019, 2,4 mil. EUR: 2026.
Reduction of climate impacts – aprox. 200 thous. EUR per year.
Total benefits - 2016: 59,9 mil. EUR – 2026: 90,5 mil. EUR.
Project is not generating financial revenues.

6. Conclusion

Future European road users will benefit from improved road 
safety, reduced traffic congestion and more environmentally friendly 
driving, all enabled by the deployment of Co-operative Systems. It 
is very important for achieving these benefits - the common and 
standardised means of communications between the various parts 
of such systems, whether these components be located in vehicles 
or in the road infrastructure. This will ensure that equipment 
from different manufacturers will interoperate in a safe and secure 
manner. The means of delivering safe, secure, and interoperable Co-
operative Systems is a common Communications Architecture, 
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which will provide a basis for wide scale deployment of these 
systems in Europe. [10]

Recently, the growth of road transport is a attendant phenomenon 
of development, which manifests in a significant growth of negative 
impact of transport on the environment, growth in congestion 
in conurbation and growth in traffic accidents, similar both in 
developed countries, and in conditions in the Slovak Republic.

Forthcoming Action Plan of ITS aims to:
decrease transport congestion by 25% and increase the quality 
of travel, 
increase transport safety by 25% and thereby contribute to the 
overall European goal to reduce number of death people by 50%, 
reducing CO2 emissions by 10 %, mainly in urban areas.

Effective transport of passengers and freight is becoming a 
serious problem of the whole society and it is required that state 
administration takes steps towards this issue. Ignoring these issues 
induces higher public expenditures for solving the consequences.

The new millennium is marked by globalization of economy 
and transport is undoubtedly an important part of this development. 
The main contribution of the implementation of ITS systems and 
services from the social point of view is the transport safety 
increasing.

The public sector should financially support such telematic 
applications which will increase the comfort for the user of 
transport services, improve the traffic management and reduce 
the accident rate. Furthermore, the public sector should support 
the development of technologies for timely saving of lives and the 
reduction of consequences of serious injuries caused by accidents 
via technology that diminishes the negative externalities and adds 
to the increase of quality of public mass transport of passengers.

Effective transport of passengers and freight is becoming 
a serious problem of the whole society and it is required that state 
administration takes steps towards this issue. Ignoring these issues 
induces higher public expenditures for solving the consequences.

The new millennium is marked by globalization of economy and 
transport is undoubtedly an important part of this development. The 
main contribution of the implementation of ITS systems and services 
from the social point of view is the increase of transport safety.

The public sector should financially support such telematic 
applications which will increase the comfort for the user of transport 
services, improve the traffic management and reduce the 
accident rate. Furthermore, the public sector should support the 
development of technologies for timely saving of lives and the 
reduction of consequences of serious injuries caused by accidents 
via technology that diminishes the negative externalities and adds 
to the increase of quality of public mass transport of passengers.

Acknowledgements
Centre of excellence for systems and services of intelligent 
transport II. 
ITMS 26220120050 supported by the Research & Development 
Operational Programme funded by the ERDF.
„Podporujeme výskumné aktivity na Slovensku/Projekt je 
spolufinancovaný zo zdrojov EÚ“ (In English: We are supporting 
research activities in Slovakia / Project is co-funded by the EU 
funds)

Bibliography

[1]  HRUDKAY K.: National system of traffic information and 
benefits for SMEs. In: Seventh framework programme 
Baltic to Balkan network for logistics competence, Opatia, 
Croatia, (2011)

[2]  KALAŠOVÁ A: Introduction to transport telematics. In: 
Collection of articles from the ITS Conference 2007, ISBN 
978-80-254-0207-8. – 5, Bratislava (2007)

[3] KRCHOVÁ Z.: Využitie teórie chaosu v doprave, In: 
CMDTUR 2009, zborník z 5. medzi-národnej konferencie, 
4.-5.11.2009, Žilina, str. I – 118-122. Vydala Žilinská 
univerzita v Žiline v EDIS – vydavateľstve ŽU, ISBN 978-80-
554-0132-4, Žilina (2009)

[4] KUPČULJAKOVÁ J.: Preference městské hromadné 
dopravy. Mezinárodní Masarykova konference pro 
doktorandy a mladé vědecké pracovníky 2010. 6.-10.12.2010 
Hradec Králové. Sborník příspévků [elektronický zdroj]: 
CD.Magnanimitas, ISBN 978-80-86703-41-1. str. 1303-1307, 
Hradec Králové (2010)

[5] ONDRUŠ J.: Methodology of Acceptance Feasibility Survey of 
Urban Road Pricing. In: Transcom 2009, Section 1., University 
of Žilina, ISBN 978 -80-8070-692-0, Žilina (2009)

[6] SCHREYER CH., SCHNEIDER CH.: External costs of 
transport update study, International Railway Union, ISBN 
2-7461-0891-7, Paris (2004)

[7] European Comission, http://www.ec.europa.eu
[8] Ertico, ITS Europe, http://www.ertico.com
[9] Ministerstvo vnútra Slovenskej republiky (in English: Ministry 

of Interior of the Slovak Republic), http://www.minv.sk
[10] European Union, http://www..car.-to-car.org



A SOLUTION OF DATABASE SYSTEM FOR INTERACTIVE LEARNING FOR TELEMATICS

© Copyright by PSTT , All rights reserved. 201216

TelematicsTelematics
Transport SystemTransport System

Archives of Volume 5 

Issue 1

February 2012

A solution of database system for 
interactive learning for telematics 

P. MATISa, M. FRANEKOVÁa, E. BUBENÍKOVÁa

a DEPARTMENT OF CONTROL AND INFORMATION SYSTEMS, Faculty of Electrical Engineering, University of 
Žilina, Univerzitná 1, 010 01 Žilina, Slovakia

EMAIL: peter.matis@fel.uniza.sk

ABSTRACT
The paper deals with problems of an information system solution as a support for the education system within 
the Department of Control and Information Systems (DICS) at the University of Žilina. The primary system 
is designed for education subjects from the area of intelligent transport systems with Telematics. The paper 
summarises and describes the existing and planned subjects in the telematic systems specialization. The main 
part of the paper describes the specification of teachers and students requirements related to these subjects. 
These specifications are the basis for a practical realization of the database part of the system with features of an 
interactive learning system. The specified requirements for systems include e.g. a possibility to enter the figures to 
the database system or to allocate the questions for subjects or selected areas. The database system was designed 
with a using entity – relational model. To implement the systems the MySQL v 5.0.51b SW platform was used, 
which is compatible with the existing database in the DICS server. The paper describes a possibility of access to 
systems as well as problems and solutions of realized database systems security based on cryptography tools.

KEYWORDS: e-learning, information and communication technology, education process, PHP, MySQL, 

relationalship data model, user interface

1. Introduction

E- learning is learning process using ICT (Information and 
Communication Technologies) with goal to create courses, the 
distribution study content for the communication between students 
and teachers and to support the management study [6].

E-learning includes the theory and the research, as well as any 
educational process (with varying degrees of intentionality) which 
are in accordance with the ethical principles used by information 
and communication technologies working with data in electronic 
form. How to use ICT resources and availability of teaching 
materials depend mainly on the educational objectives and content, 
nature of the education environmental and opportunities for all 
actors in the educational process [1].

There are several operating information systems to support 
e-learning at the University of Žilina at the present. The cornerstone 

is the system Moodle (Modular Object – Oriented Dynamic 
Learning Environment).

Moodle is a software package for creating web-based courses 
and web sites. It is provided freely as open source software. It uses 
a scripting language PHP (Hypertext Preprocessor) and supports 
the multiple types of databases, especially MySQL.

System Moodle allows to distribute the learning materials, to 
create tests to verify the knowledge of students.

The DCIS (Department of Control and Information Systems) 
guarantees the study branch Automation – study program 
Automation in bachelor degree, study branch Automation – study 
program Process Control Engineering in MSc. degree and study 
branch Automation – study program Process Control Engineering 
in PhD. degree at the Faculty of Electrical Engineering of the 
University of Žilina. The teachers of DCIS are preparing the new 
study program during branch Automation Applied Telematics 
with orientation to control and communication system of road 
transport. 



P. MATIS, M. FRANEKOVÁ, E. BUBENÍKOVÁ

17

The teachers of DCSIS search the new form of education 
within seminary and exercises [2]. They would like to continue in 
the begun process of education with support of e-learning. From 
some subjects taught at the DCIS are designed test questions that 
are provided to students during the semester for tuition.

Computing testing allows processing and evaluating information 
very fast and their visual demonstration too. This is way it 
necessary to use its power and new tools within education process 
through e-learning. 

Table 1. Subjective evaluation of attributes of examination 
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Objectivity of 
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Singleness of student 
within examination x

Complexity of answer 
presented x

Possibility of 
additional completion 

of answers 
x

True view of 
knowledge depth x

We know that problems of objective measuring of student’s power 
are connected with several types of their activity. The special area of 
power measuring is measuring of knowledge and skills of students. 
During study it is necessary to require the most objective assessment 
of knowledge of students mainly in the process of keeping credit in 
the finish of semester or as result of examination. 

Moodle system is not suitable for student teaching through the 
test which contains large number of questions. In the first, it doesn’t 
provide immediate feedback for each question. It does not allow 
the student to divide the question into several independent tests. 
Because of these shortcomings was created an information system 
that is intended to teach students by going through test questions [5].

Testing of students’ knowledge we can realize by using several 
forms: verbally (individually), argumentation on certain theme, 
by writing through working out answers to questions, by writing 
test and by practical examinations. Each form of examination has 
positive and negative aspects. In the Table 1 shows the attributes 
of the examination with the subjective evaluation of the most 
suitable form for each attribute [3].

2. Analysis of requirements 
specifications to information 
system for establishment of 
knowledge

The aim of analysis of requirements to realized information 
system was determine the demands of user to information system. 
The requirements are necessary to specify during all time of system 
development. The testing system has to contain information about 
questions; range of questions and about justified users. 

The base of system creates the following data related to 
particular questions:

reading of question,
one correct answer,
information about inserted pictures connected to questions 
and answers,
information about included questions to range.

Authors approach to realization of information system so 
that several users can access to system. We divided the users to 
three groups: students, teachers and administrator. The student has 
possibility to access to system and does not have possibility execute 
modification. Administrator has the possibility to add and modify 
data to others users.

The requirements to function of testing system for administration 
are the following: 

authentication of access of teachers and students,
to extend and to update the database,
to set and to limit the assess of users (login, password).

The created system must allow to teachers the access to system 
and basic operation with concrete test. 

The requirements to function of testing system for teachers are 
the following: 

log in to system(verification of access to system via login and 
password),
creating the test and setting of its features:

selection of range of questions from subject or its part,
number of questions,
selection of the number of log in for one student to certain 
test,
the setting of maximal time duration of test,
the setting of time validity of test
form of results valuation,

creating and editing on of questions for selected test,
statistical illustration of test successful,
presentation of answers of concrete student for concrete test.

The realized testing system must provide for access of students to 
testing of their knowledge on the base of selected test parameters. 

The requirements to function of testing system for students are 
the following: 

log in to system(verification of access to system via login and 
password),
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selection of test (interval of questions) for testing students’ 
knowledge,
to answer to randomly selected questions according to selected 
type of test,
execution of changes in answers during test processing,
illustration of results about test successful (percentage or time 
form),
possibility to define the number of repeated running of test 
during which time the correct answers are drop. 

With using presented form of repetition of knowledge within 
education process the student can learn very quickly right to 
answer numbers of answers. 

The requirements to realized infrastructure are the following:
Information system must be allocated to server with connection 
to internet.
The possibility to use testing system as local application. 
The possibility of connection with existing system of e-learning 
(minimally with help of hypertext reference or directly as 
embedded application to windows of Moodle).

3. Analysis and specifications 
of requirements for an 
information system designed 
for improving knowledge

The main goal requirements analysis was to identify user 
requirements for information system. The requirements are specified 
and added throughout the system development.

The system must contain information about queries, areas of 
queries and about Access privileges of users.

The basis of the system is the data for individual issues:
the text of the question,
one correct answer,
information about added associated images with question or 
answers,
information about the assignment each question to area of 
created queries.

Into the system accesses more types of users. We divided 
them into three groups: students, teachers and administrator. The 
student is not able to log into the system and to make changes.

The administrator manages the database of questions and be 
able to add and edit information about other users.

Requirements to system functionality for the administrator: 
authenticate the access to teachers and students, 
to expand and update the database, 
to set a restricted user access (login, password).

Requirements to system functionality for the teacher: 
The system should allow the teacher to access the system and 

basic operation of the specific test. The system should allow: 
log into the system (access authentication by login and password),
creating test and set its properties: 

select range of issues subject or a part thereof,

number of questions, 
set the number of logged per student for the test, 
set the maximum duration of the test, 
set the validity period the test, 
method of assessing results,

creation and editing of selected test questions, 
statistics show the success of the test or tests 
show the responses of a particular student on a particular test.

Requirements to system functionality for the student: 
The system should provide access to test student’s knowledge 

of the selected test parameters that define teacher. It should enable 
the student:

log into the system (check access),
selection of the test (range of questions), which the student 
will test your knowledge,
respond to questions selected randomly according to the 
selected type of test, 
make any change answers during the test process, 
show the results of successful tests (as a percentage or time), 
allowing the definition of re-running the test, in which are 
omitted correctly answered questions. Such form, the student 
can repeat in quick time to learn the correct answer many 
questions [5]. 

Infrastructure requirements:
information system should be placed on the server with an 
Internet connection,
the possibility of using the system as a local application,
enabling the interconnection with the existing e-learning 
systems at least through a hyperlink or through embedded 
directly into applications like Moodle window.

4. Design of the database part of 
the system

Because a described database information system is of a small 
or medium-scale, we chose to design a database of relational data 
model. Using the model to address three basic issues of database: 

data structure, 
data manipulation, 
integrity constraints.

In term of the structure of data is necessary to ensure identification 
of all objects and their properties, including a description of structures 
which to express relationships between objects. The problem with 
data manipulation includes the design permitted operation over 
a relevant volume of data.

For each object, its properties and relations between objects is 
necessary to define a set of integrity constraints, defining the essential 
characteristics of data objects [4]. The subject matter proposal is to 
create a specific model of reality which should the most reflect the 
essential features of reality. The final relational data model is shown 
in Fig. 1.
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Fig. 1. Relational data model

The relational data model contains two independent RD models. 
The first model describes the database of questions and tests. It 
contains four data structures, and three sessions. The base model is 
the data structure QUESTION. It contains information on question 
such as wording of the question, the wording of possible answers, 
addresses and filenames of images, marking of which variant of 
answers is correct and the type questions. Indication of the correct 
answer could be omitted. In this case, a correct answer would be 
deposited in the database first in order. It would although save space 
in the database of the system, but would increase the demands 
on the functional part of the system. System would have for each 
question randomly mixed the answers. Therefore, we decided for the 
first option. If in the future the system will contain a large amount of 
data and we will have to available for use the powerful server, system 
can be modified.

Data structure TYPE contains the name of the type of questions. 
Between the structures and TYPE and QUESTION is relation 
with cardinality 1: N, because each question can be only one type but 
several queries may have the same type. Because we are an indication 
of the type of question have created a separate data structure for 
each question do not store information about the type name in the 
form of a character string, but only the identification number in 
decimal form. We save the data space using the primary key and 
we can clearly identify the type of questions, which can be used, for 
example in compiling the tests. 

Data about generated test can we found in the data structure 
TEST. The structure contains a primary key which is needed to 
identify the test. Also information about the IP address of computer 
in order to uniquely identify the user. This identification prevents 
conflicts when multiple users are testing the same time. The structure 
keeps information about the total time duration, about time to run 
test and about the total number of questions. One question can be 
used in multiple tests and in one test can contained more questions. 
Therefore between the data structures QUESTION and TEST is the 
cardinality N: M. T It is built by using data structures INCLUDE. It 
contains only foreign keys of structures and 

TEST and QUESTION and own primary key INCLUDE.
For the purposes of registration information system users 

and definition their user rights serves data structure ADMIN. 
It contains information such the login names and passwords of 
users. For new user registration could do not be used more times 
the same username. The structure also contains information 
about user rights [4].

5. Specification of applied 
platforms

For the production of the system were used languages PHP, 
SQL, and HTML with extension CSS. Pages are created by using 
PHP scripting language commands. After processing on the 
server is returns the page for user which is formed by the markup 
language commands (HTML) that the browser appears as a static 
page. The system communicates with the MySQL database using 
SQL commands query language. These technologies have been 
used for ease of portability to most server systems for small and 
medium scale. The communication server technology can be seen 
in Fig. 2.

Fig. 2. Communication of server technology

For the creating and testing system were used the following 
server components:

Microsoft Windows XP 2002, SP3,
Apache web server 2.2.8,
PHP 5.2.6 PHP server,
Database system MySQL 5.0.51b.

The system was installed on the server of the Faculty of Mechanical 
Engineering, University of Žilina. Currently is under trial operation 
during which there has been no finding communication problems or 
problems with the functional part of the system.

The information system will be installed on the servers of 
the Department of Control and Information Systems Faculty of 
Electrical Engineering, where it will serve in the first run to teach 
subjects from the field of telematics systems (control systems, 
communication security, intelligent transportation systems and 
secure communication system). It is possible to extend the range 
of taught subjects without the need for internal changes to the 
system in the future.

For the creation of code there are numerous specialized 
programs to facilitate its creation. In creating the program we 
used PSPad 4.5.3. Supports all types of codes used (HTML, CSS, 
PHP, SQL).



A SOLUTION OF DATABASE SYSTEM FOR INTERACTIVE LEARNING FOR TELEMATICS

© Copyright by PSTT , All rights reserved. 201220

6. Options for the distribution of 
data

One of the basic requirements was the distribution of data 
through the Internet. For this reason, the information system was 
not created primarily as a local application. The servers will be placed 
on the server of department, which already contains all necessary 
components. The server parameters also verify the requirements for 
such use. The distribution system can be seen on the Fig.3.

 The system can be configured that users can use the system 
only on a local network, for example department or university, or 
make the system available across the Internet. Territorial definition 
of the users we can protect stored data from unauthorized reading, 
for example for the author´s rights. Protection by the filing datas 
requires administration of user accounts. Practically, definition 
of IP addresses used in a large number of unknown users that is 
territorial in one place.

7. Practical implementation

In general, an information management system database can be 
vertically divided into a data part, which is the database itself, and 
the functional part, serving to database management. Both parts 
must communicate with each other using appropriate language. For 
purposes of our database information system we were divided the 
system into three parts:

Data part.
Functional part.
User’s part.

Fig. 3. Data distribution system 

We devoted to data part of the system at length in Chapter 3.
The role of the functional parts of the system is to modify the 

user portion of the data into a form suitable for storage of data 
and through language SQL inserted them into the database in the 
data portion of the system. Using the data of the data part it also 
converted them into a form suitable for display of the user. In this 
section it is also implemented control of the user rights. It consists 
of functional blocks occoured in an external library, which we 
have created.

User part – the user interface consists of web pages through which 
a user communicates with the information system. To created them, 
we take into account the ergonomic aspects of GUI (graphical user 

interface) namely simplicity, transparency, resistance against the fault 
for data input, a logical connection between the pages, color and 
control elements. PHP language used in the creation of the user part, 
maked it possible to dynamically change content and layout of pages 
depending on user rights of the client.

Fig. 4. Demonstration of graphical user interface

The user interface is only part of the information system with 
which it comes into contact with ordinary user. Therefore, the 
asked for it are different that only non-functional requirements, 
especially ergonomic and individual requirements. 

We accentuated on simplicity and transparency of the user 
having to spend a minimum of effort (minimum number of steps) 
to obtain the required information.

For the creating a user interface we focused on the following 
characteristics: color, brightness, contrast, the elements used for the 
screen, size and style of the used symbols, the structure of pages, 
number of operations necessary to achieve the desired result. 
Demonstration can be seen in Fig. 4 .

Form in Fig.4 is used to insert new questions into the database. 
The form is properly located in the center of the screen. Includes 
selection drop-down menus SELECT to provide users limited 
number of options. To enter text questions used multiline text box 
TEXTAREA. It was used because it is assumed that the wording of 
questions will be more than one line. For the setting various options, 
we used the elements of a text field TEXT. To determine the correct 
answers are elements RADIO switches, which also do not indicate 
more than one option. To insert images servers elements FILE. In 
the case of inserting an image file is stored on the server using PHP 
script into a dedicated folder. Name and address of the image file 
path is entered into the database data structure question.

During the trial operation it has been verify the correctness 
of the function of all parts of the information system. Testing was 
carried out in the following steps:

Filling a database - the database is filled with a representative 
sample of questions and verify the correctness of data 
structures.
Verification of the functions – a process during which the 
system functions were verified by the selected data to test 
their proper conduct, cooperation, information exchange 
and compatibility with the database.

Testing Output - used to test the graphical user interface pages. 
It has been tested grammaticall, the layout of the components on 
the screen and transparent. 
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During the process of testing there were discovered some errors, 
that have been removed. It is possible that some errors are only 
detected during the next operation, seeing that it is early stage of life 
information system.

8. Conclusion

In the paper the authors described the alternative form to existed 
e-learning education system Moodle, which is uses in University of 
Žilina and has several disadvantages. The authors described the 
realized testing information system which serves to interactive 
education of subjects from area of telematics mainly with orientation 
to intelligent transport and communication system. According to our 
opinion designed system will remove the disadvantages of existing 
Moodle system in the direction of possibility to testing the students 
with large number of questions. Created information system 
is functional and is in the field of testing and in the near future is 
possible to use it in normal operation. System will be installed into 
server of Department of Control and Information Systems. The 
system can be used in the future for others subjects of specialization 
too according to loaded database by required data depend on selected 
subject. Without functional aspect of created system we are planning 
to test the system for possibility of usage. For successful testing we 
will need feedback reaction of the large numbers of users. Seeing that 
within realization of system was used principles of object orientated 
programing, as e.g. modularity, the system is possible to modify very 
easy in the future.
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ABSTRACT
Complex traffic control systems are equipped with a range of cameras for traffic surveillance, road traffic 
measurements. On many sites the different cameras cover the same observation areas but provide different quality 
streams to the system, usually compressed for surveillance and raw for vehicle detection. Elimination of duplicate 
cameras especially high quality devices is desired for enhancing the performance of systems. Vehicle detectors 
based on image processing are sensitive to the quality of input video streams. The paper presents results from tests 
of using lossy data compression for delivering video streams to vehicle detectors for traffic control. The limit of 
data loss is determined for assuring correct vehicle detection. The recommendations can be used for optimising 
traffic vision systems.

KEYWORDS: video detectors, image sequence, lossy data compression, road traffic parameters

1. Introduction

The growing number of cameras in the urban space brings 
about the issue of exploiting their potential for devising redundant 
systems performing various monitoring tasks. On many sites 
different cameras cover the same or similar observation areas, but 
are used to provide different content or feed data to diverse users. 
Although multiple streams duplicate information some are altered 
to enable efficient transfer, which mostly leads to loss of data 
making them irreversibly distorted. Predominantly video streams 
are lossy compressed. 

Monitoring traffic and more precisely measuring it’s parameters 
is fundamental for traffic control and management systems. Video 
based measurements provide a wider spectrum of traffic information 
than traditional road surface mounted detectors eg. vehicles may be 
tracked along road lanes and through junctions [1],[2].

Another trend in camera deployment is the proliferation of IP 
based devices with direct Internet connectivity. Network operation 
due to its universal and widespread nature requires rationalization 
of transmission bandwidths, thus coercing the implementation of 
highly efficient video stream compression algorithms [3].

Enhancing the reliability of providing video for measuring traffic 
becomes a task of integrating compressed streams for feeding video 
detectors.

In [4] it is shown that standard compression algorithms retain 
image fidelity in terms of perceptual quality without preserving 
spectrally significant information for target detection. It is important 
to identify the sensitive processing steps of the detection algorithms 
in order to adapt these to fidelity loss. Correlation based target 
detection algorithms are investigated. The performance may be 
enhanced by emphasizing middle and high frequency components 
and discarding low frequency components.

The tracking of objects with correlation based filters, which 
handle scale distortions, is proved to be much degraded, when using 
highly compressed video streams [5]. Such filters are suitable for 
efficient detection of objects using limited computing resources.

The problem of detection and tracking in compressed video 
is investigated by many researchers in the case of surveillance of 
human behaviour. There are correspondences to congested traffic 
flow as traffic scenes are highly changing with occluding objects 
which is alike to crowd monitoring.

The main contribution of the paper is the discussion of errors 
introduced by compression artefacts for the performance of vehicle 
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detection algorithms. An investigation programme is proposed for 
determining the levels of admissible distortion, due to compression 
losses, for attaining expected detection performance. Conclusions 
of the discussion enable the determination of recommendations for 
employing IP based cameras for the use with video detectors. 

This paper is divided into five sections. Firstly features of 
compression artefacts are discussed. In the next section main 
processing tasks of video detection are outlined with an emphasis 
on error tolerance. Section four presents the experimental setup and 
achieved results. The concluding section summarizes the results 
and sets goals for further examination of the problem of using 
compressed streams for measuring traffic parameters.

2. Compression

Video monitoring systems use a diverse spectrum of compression 
methods to reduce the data flow and comply with different demands 
of the users. Raw streams and losslessly compressed streams are 
rarely used and mainly for direct feed to video processing devices, 
because of high bandwidth demands requiring costly wiring.

The prevailing systems make use of methods exploiting interframe 
block-oriented motion-compensation-based coding such as MPEG1, 
MPEG2, MPEG4. 

Since the introduction of IP based devices the H.264/MPEG4-
AVC standard becomes dominating [6]. This is a refined version of 
MPEG4 with flexible sized blocks and more sophisticated motion 
compensation. The standard may be enhanced with Context-Based 
Adaptive Binary Arithmetic Coding (CABAC). Context modelling 
enables the exploitation of neighbouring pixel characteristics for 
further streamlining of the coding efficiency.

This version of the coder will be used for investigating the 
changes of performance of video detectors. 

2.1. Compression artefacts

Compression algorithms attain high compression ratios by 
reducing the information content of the compressed data. The loss 
of information is manifested by artefacts, which may significantly 
hinder the functioning of devices processing video. 

How much is the functioning degraded depends on the 
characteristics of artefacts and processing goals. An artefact may 
render a ghost object or mask an existing one, misleading the 
monitoring system and reducing the detection quality.

Fig. 1. presents examples of degradation of video content as 
the compression ratio rises. Artefacts distinctly appear on highly 
compressed images. The artefacts may be broadly classified into 
groups describing the way the stream is distorted: ringing, blurring 
and motion blocking. 

Ringing. Ringing artefacts appear as rippling edges around 
high contrast contours and may also appear as displaced echoes of 
objects. Some of the temporal fluctuations of pixel values give the 
impression of flying mosquitoes so called mosquito noise. Fig. 1. 
e) shows a displaced echo of the side view mirror. 

This distortion is the source of ghost objects and thus erratic 
occupancy of detection fields

Fig.1. Video frames recovered from compressed stream – a), b) 

original content, c) 150, d) 500, e) 1400 compression ratios

Blurring. The blurring artefacts cause the loss of detail of image 
objects. The number of distinguishable pixel values is reduced. 
Objects loose texture features which are used for differentiating 
them. Fig. 1. c). illustrates this cartoon like effect, the depicted car 
seems to be made up of flat surfaces. 

This artefact may have a positive effect on detection as it filters 
out noise from the image. On the other hand reducing the resolution 
of the pixel values may hider operations discerning objects features.

Motion blocking. Motion blocking arises from using GOP 
(group of pictures) processing. As the compression ratio is raised 
the size of GOP is enlarged even up to 160 frames. A large GOP 
means fewer intra coded frames and higher dependence on frames 
with motion block prediction. In the case of variably moving 
objects these blocks follow the movement with a significant error. 
Intensity discontinuities appear on the movement boundaries. 

This artefact may be very troublesome for determination of 
edges of moving objects for finding whether an object entered 
a detection field. 

2.2. Removal of artefacts

Although compression errors are irreversible, efforts are done 
to recover some of the fidelity loss by artificial reconstruction. 
A technique based on a forward diffusion function diminishes 
motion blocking artefacts by exploiting temporal and spatial 
correlations for smoothing out discontinuities in pixel values [7]. 

The proposed unsupervised estimation of diffusion parameters 
requires little computational resources. It can be used prior to 
compression to improve it by removing spurious noise and less 
significant features from the original data.

Corrections of artefacts give a visual improvement and in 
some cases may also give better detection results, but additional 
computation is required which may be difficult to ensure in real 
time processing systems.
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3. Video based detection 

The problem of detecting vehicles in a sequence of images is 
solved using several approaches. The approaches may be broadly 
divided into two classes: segmentation based and feature-based 
methods. The first class covers algorithms that divide frame pixels 
into sets having similar characteristics, thus representing presumably 
objects. The division criteria depend on local characteristics of the 
pixel values and their neighbourhood context. 

Feature-based methods use spectral, temporal and spatial 
characteristics of image patches as features. The features in turn are 
grouped as objects. The feature based processing may incorporate 
operations that are common with compression steps. 

The idea of extracting moving objects uses the notions of 
background and foreground representing respectively elements 
that are permanent fixtures of the observed scene and elements 
of interest that change locations. Foreground elements constitute 
sought moving objects. 

The detection of moving vehicles in video streams is generally 
performed by analysis of the differences between the background 
and the current stream content. This is done by matching object 
models, extracting and clustering of the features of objects or else 
by using various filtering methods.

Subtraction of the background from the current contents of 
the image frame gives moving objects [8]. As the background 
changes, mostly due to ambient light changes, a reliable model is 
required to represent the changes. 

Techniques, such as: average, median filtering, were the first 
applied to derive a background. The reference background is the 
result of filtering a number of consecutive frames [9]. The median 
filter may be approximated using the sigma-delta filter which 
significantly reduces memory requirements in implementation 
solutions.

To cope with complex light changes, pixel intensities are 
modelled using a mixture of Gaussian distributions [10], [11]. An 
arbitrarily chosen number of parameterized distributions represent 
pixel intensity. Each incoming image frame contents updates the 
parameters of the distributions. 

The proposed investigation programme uses video detectors, 
which principles of operation are based on algorithms relying on 
background modelling. Two solutions were chosen for investigation. 
The first solution uses a spatio-temporal model of the background 
whereas the other a feature based model. Objects are detected 
by subtracting the background model from the current frame or 
the objects are detected in feature domain by subtracting feature 
based representation of the background and of the current frame. 
Both types of devices determine the presence of objects in defined 
detection fields, that is the occupancies of virtual detection fields 
are regarded as signs of objects. The detection fields are configured 
to be of the size slightly smaller than an average vehicle. 

Solutions based on similar processing are prevailing in 
commercially available devices installed for collecting traffic data 
for traffic control systems. 

Video detector Autoscope RackVision Terra (“auto”) developed 
by Image Sensing Systems [12] and ZIR-WD made by ZIR-SSR 

Bytom were used for tests [16]. These detectors are commonly used 
in polish road traffic control systems for providing traffic information 
to controllers. 

3.1. Background modelling 

 In both tested solutions statistical characteristics of the frame 
pixels are tracked. Fig. 2. shows an excerpt from the patent 
description of the method of vehicle detection used in “auto”.

Fig. 2. Block diagram of processing steps for modelling background, 

spatial models (Fig.4), temporal models (Fig.6)

Characteristic are blocks for calculating averages and variances 
of the frame contents. These are used for representing background 
and moving vehicles. Careful choice of threshold levels enables 
the determination of the slowly varying background description. 
Pixels with values of variance smaller than a threshold are classified 
as background.

In the case of the ZIR-WD video detector the statistics are 
calculated over image patches pij(n) (features). 

The statistics are calculated using running averages Aij(n) and 
median approximations Mij(n) [13], [14]:
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pij – mean value of pixels in a patch ij on frame n, 
k – averaging period (number of passed frames).

Patches of the size 3x3 pixels are used. Each pixel surrounded by 
four patches is described by attributes, which indicate the relations 
between values of the pixel and patches. Similarly as in “auto” slowly 
changing values are attributed to the background. Additionally 
statistics are not updated when temporal changes in the detection 
fields are less than a “movement” threshold.

3.2. Detection of objects

In the first investigated solution a careful choice of threshold 
levels enables the differentiation of highly changing features of 
moving objects and slowly varying background description. Objects 
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are detected when the sum of spatial and temporal variances of pixels 
in a detection field exceed these thresholds, which are continuously 
updated to track ambient changes.

In ZIR-WD each image patch has 5 attributes expressed using 
one of three values (black, grey, white) [15]. One attribute denotes 
colour, four other denote a  contrast measure describing the 
difference of the centre pixel to the mean values of patch pixels in 
the neighbourhood.

Contrast attribute values are determined using thresholding. 
The thresholds are determined using the histogram of the image 
frame and running averages of image patches. The histogram is 
calculated over a number of past frames to avoid sudden changes 
due to dazzling or other high speed light phenomena.

Attribute values are accumulated for detection fields for each 
frame and only when the field previously was marked as empty. 
The values are compared to the running averages and when they 
exceed the detection field is marked as occupied. A comparison 
with hysteresis is applied to avoid erratic behaviour when the 
attribute values frequently fluctuate.

The main operations of the detection algorithms are calculation 
of statistics of pixel values. These are:

computing average values in a frame over a number of 
consecutive frames – temporal average;
computing average values: in a window, in a patch – spatial 
average;
computing variance values in a frame over a number of 
consecutive frames;
computing spatial variance in a window.

Crucial for the determination of occupancy of detection fields 
are threshold based operations. 

The operations of computing spatial averages and variances are 
sensitive to blurring artefacts. Operations processing consecutive 
frame content are sensitive to ringing and motion blocking.

4. Detection performance

The detection performance was evaluated using a database of 
road traffic video streams. Traffic data was collected during different 
weather condition at one camera site. Traffic was registered on daily 
basis and encompassed morning and afternoon peaks as well as 
evening lows and midday plateau. 

The nominal length of the films was 11 hours. This way of 
registering was chosen to facilitate the functioning of video detectors 
as close to real world as possible. Vehicle detection algorithms model 
backgrounds using up to several thousand frames. Long video 
streams eliminate the necessity of artificially initialising background 
models. 

The database contains films registered:
in sunny weather, with dazzling effects,
during rain, containing road surface reflections,
in cloudy conditions, which are regarded as standard observation 
conditions – contain no shadow effects, no significant ambient 
light changes.

This vast database of traffic material was reviewed in search 
for films containing sequences potentially generating compression 
artefacts. As pointed out in section 2 ringing is evoked by high 
contrast edges of objects, blurring is visible for small objects and 
motion blocking is acute when the movement dynamics is high.

These characteristics may be ascribed to forming and discharging of 
vehicle queues in changing ambient light conditions. A representative 
film registered on a rainy day was chosen. The film contains a few 
tens of queue formations and satisfies the changing light condition.

Important problems were the choice of a performance index 
and the elaboration of a way to compare performance. The common 
function of video detector solutions is the capability to register the 
occupancy of defined detection fields (zones). This function gives 
the schedule of vehicle arrivals in the fields.

The self evident way of performance evaluation is the comparison 
of registered schedules of arrivals. If arrivals can be superimposed 
on a reference dataset with no errors such a detection is perfect. This 
approach is not suitable in practice, because the moment of arrival 
can randomly fall within a range of few frames. Slightly late or early 
arrivals do not par with the reference dataset. A modification of the 
reference by introducing time periods of arrivals complicates the 
preparation of the reference dataset.

Instead of comparing vehicle arrivals it is proposed to compare 
traffic flow intensity. Traffic flow intensity Q(n) for consecutive 
measurement moments n is calculated in a way to retain dynamics 
features for traffic control. This assumption requires the limitation 
of the vehicle counting period T to a size which complies with the 
traffic control cycles lengths as: 
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where: lengths are expressed in the number of video frames, 40 ms 
elapses between frames, T – vehicle counting period, s – measurement 
step, O(i) – occupation index at frame i, k – conversion factor used to 
express Q in units of vehicles per hour.

Traffic control cycles at the measurement site vary in the range 
of 60 to 120 seconds during the day. The vehicle counting period T 
was set to 300 sec. (3750 frames), whereas the measurement step 
s was set to 10 sec. (125 frames). A 10 sec. step spans at most one 
vehicle arrival so the tracking error for mean flows of about 360 
veh/hour is about 3% for the counting period. 

Vehicles were detected in a detection field configured at the 
stop line of the traffic junction being monitored. Fig. 3 shows the 
setup for ZIR-WD with the overlaid setup for “auto”. The size of 
the detection field is defined, in a standard way, as slightly smaller 
than an average passenger car. In the case of “auto” it is declared as 
the sum of occupancy of three strips covering the corresponding 
area of the detection field.

Experiments of vehicle detections were carried out in parallel 
with both detectors. A PC based video player was the source of video. 
The video stream was duplicated using two optically separated 
buffer amplifiers. This solution provides identical streams and 
prevents interactions between devices using them. The tests were 
repeated several times to assure reliable results.
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Fig. 3. Camera view with a marked detection field and “auto” 

detection stripes

Detection results were recorded using the detectors build in 
logging functionality. In the case of “auto” the log is a text file 
which contains occupancy indices of strips with millisecond tick 
marks indicating the moment of vehicles entry and exit, to and 
from the detection strips. The conversion to data suitable for 
processing requires a simple data filtering using a spreadsheet. 

ZIR-WD detector has a binary file with detection results. Each 
occupancy entry contains a number of auxiliary variables such 
as: the level of occupancy, values of logical functions resolved 
with occupancy indices of the detection fields. No time marks 
are noted. The ordinal of the entry in the file indicates time in 80 
millisecond increments. This file is directly used by the traffic flow 
calculation programme.

Fig. 4. shows graphs of traffic flow intensity calculated using 
raw video data. This is only a part of the processed occupation 
data, it covers a period of 10000 seconds of traffic, roughly a part 
of the morning traffic peak. 

Fig. 4. Traffic flow intensity measured using uncompressed video 

stream

Traffic flow values calculated for both detectors coincide with 
reference data for periods of calm traffic. Traffic congestion in 
periods of 815-840 min and past 860 min causes large differences 
in measurements. Due to high density of vehicles the detection 
fields are constantly occupied preventing correct vehicle detection, 
which is manifested by lower flow values. 

A preliminary study of the detection degradation has shown 
that for a gradual increase of compression the degradation rate 
is consistent with the increase and rises monotonically but very 
slowly. Taking this result into account it was proposed to carry out 
tests for exponentially changing compression rates.

The standard MPEG4/AVC does not use the notion compression 
rate but expresses the degree of compression as the bitrate of the 
compressed stream. The bitrate directly indicates the required 
bandwidth for transmission of the compressed stream.

The series of bitrates starting from 4 Mb/s was chosen for 
tests. These are: 4 Mb/s, 2Mb/s, 1Mb/s, 500 kb/s, 250 kb/s, 150 
kb/s, 100 kb/s and 50 kb/s. At the low end the bitrates were chosen 
more densely as visual inspection of the film contents has shown 
significant distortions. 

The set of 8 compressed versions of the chosen film were 
prepared. This series of films was put on the playlist of the video 
player and the tests were started in the same manner as detection 
tests using raw video.

The collected data was processed using Matlab which enabled 
an efficient analysis of the detection performance. ZIR-WD detector 
stores video data with detection marks assigned to frame numbers. 
This file was used to locate different artefacts distorting the detection.

Sixteen data sets of traffic flow intensities corresponding to the 
set of bitrates were prepared on the basis of the logging files from 
the detectors. These results constitute the database for analysis of 
detection errors. Matching reference data with these results gives 
an approximate classification of the detection performance.

High bitrates 4 Mb/s, 2 Mb/s, 1 Mb/s and 500 kb/s give results 
similar to raw video based traffic flow data. Inspection of the streams 
shows that the discrepancies may be accounted for blurring and 
ringing artefacts.

At low bitrates movement blocking effects dominate.

4.1. Deterioration due to blurring 

Blurring and ringing artefacts cancel noise in the video stream 
and enhance edges of objects with high contrast, relative to 
background, contours. Noise reduction helps the segmentation of 
the frame content.

Calculation of patch attributes in the case of ZIR-WD and 
window statistics in “auto” remains stable thus the objects are 
correctly detected.

Fig. 5. Traffic flow intensity at 4 Mb/s

Fig. 5 shows traffic flow graphs obtained from both detectors 
that almost cover each other. This signifies that distinguishing 
vehicles in a detection field is of comparable accuracy. The traffic 
flow values are lower although the shapes of the graphs follow the 
reference.
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As noted in the case of raw video tests, the highest errors 
coincide with congestion periods especially with forming of queues. 
Blurring artefacts prevent the correct detection of vehicles with less 
distinct contours eg. dark vehicles.

4.2. Deterioration due to blocking 

Bitrates lower than 500 kb/s bring about a considerable change 
in the appearance of traffic flow graphs. Again discrepancies are 
distinct in times of congestion flow.

As in fig. 6 “auto” graphs lie much lower than the reference 
whereas ZIR-WD appear to match closer the reference data. 

This behaviour may be accounted mostly for motion blocking 
which divides the frame into patches related to objects movement. 
Together with increasing blurring this artefact diminishes the 
resolution of pixel values making the threshold operations more 
sensitive. Detection algorithm used in “auto” relies to a large 
extent on the accuracy of thresholds, so there are more errors in 
distinguishing objects from the background.

Determination of pixel attributes using statistics of patches in 
its neighbourhood works with wide margins. Blocking introduces 
local discontinuities which helps in keeping these. 

Fig. 6. Traffic flow intensity at 100 kb/s

The use of attributes for the description of pixels proves robust 
to the loss of fidelity due to compression. A slight improvement of 
detection rate is observed for bitrates from 500kb/s down to 100 kb/s.

4.3. Error rates 

The comparison of traffic flow graphs for different bitrates shows 
variable behaviour highly influenced by such traffic phenomena as: 
queuing, congestion and queue discharges. Related to these is the 
changing character of video content bringing about artefacts when 
compressed. 

A measure which averages the differences between the 
reference data and the calculated flow based on video processing 
is proposed. This measure – an error rate is expressed as:
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where: Q(i), QR(i) – traffic flow intensities calculated, reference, 
N – number of calculated samples of Q.

Fig. 7. Error rates

Error rates were computed for all collected results. Additionally 
results were smoothed by averaging 3 consecutive values to achieve 
15 minute counting periods usually used for managing traffic in 
networks.

Fig. 7 shows the graphs of error rates. Graphs for ZIR-WD and 
“auto” run in parallel till the bitrate 500 kb/s. Lower bit rates give 
diverged graphs. The values of errors for 50 kb/s are omitted as 
they were tested only once.

5. Conclusion

Lossy compression deteriorates the performance of video detection 
algorithms based on tracking mean values and variances of pixels for 
the determination of changes of frame contents. Blurring distorts 
the values of the statistic measures lowering the margins for correct 
detection of objects. Ringing and especially motion blocking at high 
compression ratios bring about errors in determination of thresholds 
which become sensitive to the intensity of traffic flow.

Algorithms utilising object features are more robust to compression 
artefacts. The use of compressed streams surprisingly gives a reduction 
of the detection errors with growing compression ratios.

Both types of detection algorithms have a near constant error 
rate, comparable to raw stream processing error, till the 500 kb/s 
rate. This means that compression ratios up to about 140 times 
do not significantly influence the performance of the algorithms.

The results prove that IP cameras providing MPEG4/AVC 
compressed video streams are suitable for feeding video to video 
detectors commonly used in traffic control applications.

Investigation of the use of compressed video for tracking 
objects is proposed as a follow up to the current research. Devices 
for tracking vehicles are being introduced to traffic control practice 
to cope with tracking complex traffic flow at junctions. The 
prepared measurement site and acquired experience during tests 
constitutes a good foundation to carry out such an investigation.
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ABSTRACT
The paper introduces a self-organizing traffic signal system for an urban road network. In the presented system, 
the traffic control decisions are made on the basis of predictions that are obtained from a fuzzy cellular traffic 
model. The fuzzy cellular model represents traffic streams at the microscopic level. Therefore it can directly map 
parameters of individual vehicles and the vehicle classes can be taken into account in making the control decisions. 
Simulation experiments were performed to compare the performance of the self-organizing traffic control for two 
scenarios: first, when the class of vehicles is taken into account and second, when the information on the vehicle 
class is unavailable. Results of the simulations allow us to explore the possibility of performance enhancement of 
the urban traffic control through the utilisation of microscopic traffic models and vehicle classification systems.
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1. Introduction and motivation

The main aim of urban traffic control is to maximize the 
throughput of a road network by means of real-time actions [8]. 
This aim is usually pursued by application of adaptive traffic signal 
control strategies that take into account current traffic estimates 
and predictions [9] in order to optimize objective functions, such 
as minimizing travel time, delays or stop counts. 

Conventional traffic control methods attempt to optimize 
traffic signal settings for a road network in a centralized system. 
However, the global optimization of traffic flow in a road network 
is known to be an NP-hard problem [8]. Due to the high 
computational complexity, the optimization algorithms cannot 
be executed in real-time. Therefore, the conventional centralized 
traffic control approaches are based on a simplified optimization 
(adaptation), which concerns only selected parameters (cycle time, 
splits, offsets) for some pre-calculated signalization schedules [5].

Limitations of the available methods have motivated the recent 
development of self-organizing traffic signal systems. A system is 
called self-organizing if its elements interact in order to achieve 
a global function or behaviour. This function or behaviour is not 
imposed by a single element, nor determined hierarchically but it 

emerges dynamically as the elements interact with one another. 
The interactions of elements produce feedbacks that regulate the 
system [3]. 

In the self-organizing traffic control systems, the global coordination 
of traffic flows in a road network is achieved through a decentralized 
optimization scheme. According to this method, the traffic control 
unit at an intersection makes autonomous decisions about optimal 
signal settings on the basis of local traffic measurements. Additionally, 
the self-organizing optimization algorithm can utilize traffic data 
delivered from neighbouring intersections. The local optimization 
rules lead to emergent coordination patterns such as “green waves” 
and achieve an efficient, decentralized traffic light control. When 
applying this control strategy, signal plans are not based on cyclic 
control schemes determined from average traffic conditions, but they 
respond instead to actual real-time traffic data. This makes the traffic 
control more flexible with respect to local demands and more robust 
to variations in the traffic flows.

The self-organized traffic control algorithms available in the 
literature were developed using macroscopic traffic models that 
describe traffic behaviour in terms of traffic volumes, queue lengths 
and congestion levels. By contrast, the system presented in this 
paper is based on a microscopic fuzzy cellular traffic model, which 
considers individual vehicles and thus the vehicle parameters can 
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be taken into account in making control decisions. The parameters 
of particular vehicles (position, velocity, acceleration, class, etc.) are 
accessible in modern traffic monitoring platforms [12]. These data 
cannot be fully utilized when using the existing control methods. 
Interestingly, in the proposed approach the precision of traffic 
description is variable and can be adjusted to match the precision 
of available traffic data.

The rest of the paper is organized as follows.: Related works 
are reviewed in Section 2. Section 3 describes details of the self-
organized traffic control algorithm and presents the microscopic 
traffic model, which enables on-line simulation of traffic streams for 
the control purposes. Section 4 contains results of the simulation 
experiments that were performed in order to examine the 
dependency between input data precision and performance of 
the self-organizing traffic control. Finally, conclusions are given 
in Section 5.

2. Related works

In the literature there is an increasing number of publications 
dealing with application of the self-organization paradigm in the 
context of urban traffic control. One of the first papers in this 
direction [14] introduced a self-organizing control strategy for 
a signal network described as a system of nonlinear oscillators 
with the nearest neighbourhood coupling. Another proposal of 
self-organizing control strategy was based on macroscopic two-
dimensional cellular automata, which enables real-time processing 
of traffic data [15].

In [3] three simple traffic-responsive methods were introduced for 
traffic signal control that uses the self-organization paradigm. It was 
demonstrated that with simple rules and no direct communication, 
traffic lights are able to self-organize and adapt to changing traffic 
conditions, reducing waiting times, number of stopped cars, and 
increasing average speeds. These methods were further extended 
to more complex scenarios employing an hexagonal road network 
model with multiple-way intersections [4]. As a continuation of 
this research direction the paper [1] proposed a history-based self-
organizing traffic control, which was designed to fit the existing 
conventional vehicle detection technology.

A control strategy reported in [5] was inspired by an observation 
of self-organizing oscillations of pedestrian flows at bottlenecks. 
The approach assumes a priority-based control of traffic lights 
by the vehicle flows themselves, taking into account short-term 
predictions of vehicle flows. For the purpose of this strategy the 
traffic flow predictions were obtained using a macroscopic fluid-
dynamic model. This self-organizing traffic control was compared 
to the currently implemented state-of-the-art adaptive control 
in a simulation of real-world road network [6]. Results of these 
experiments showed that the self-organizing control provides 
a superior performance.

Research reported in [13] was conducted in order to develop 
a self-organizing traffic signal system that enables utilization of 
data collected in a vehicular sensor network. Another example of 
potential future applications is the in-vehicle traffic lights system 
based on a vehicle to vehicle communication [10].

3. Proposed approach

This section introduces a self-organizing traffic signal system for 
an urban road network. A traffic control algorithm in this system 
was developed on the basis of the prioritization and stabilization 
strategies by Lämmer and Helbing [5]. The main novelty of the 
proposed method lies in the fact that all control decisions are based 
on predictions obtained from fuzzy cellular traffic model. The fuzzy 
cellular model represents traffic streams at the microscopic level 
and therefore it can directly map parameters of individual vehicles. 
From the practical point of view, it means that the vehicle classes 
can be directly taken into account in making control decisions. 
In comparison with the original self-organizing control method 
[5], which uses a macroscopic (fluid dynamic) traffic model, the 
proposed approach enables a better utilization of the microscopic 
traffic data that can be collected using the available sensing technologies.

3.1. Traffic control algorithm

In the presented algorithm, the decentralized self-organizing 
strategy [5] was applied to manage the traffic flow in a road network 
by controlling traffic signals. The self-organizing traffic control is 
based on an optimization and a stabilization rule. Both rules are 
executed in parallel for all intersections in the road network in 
order to adapt the traffic control to local flow conditions.

According to the self-organizing traffic control strategy the 
consecutive control decisions are made in time steps of one second. 
A particular control decision determines which traffic stream should 
get a green signal at an intersection. The decision is made using the 
following formula:  

 
 

   (1)

where: σ indicates the traffic stream which will get green signal,  
is an ordered set containing indices of the traffic streams that have 
been selected using the stabilization rule, πi denotes priority of 
stream i, which is calculated on the basis of the optimization rule.

The aim of stabilization rule is to assure that all traffic streams 
will be served at least once in Tmax period. To this end, for each 
traffic stream a service interval Zi is predicted as the sum of 
preceding red time ri for stream i, intergreen time τi

0 before 
switching the green signal for stream i, and green time Gi required 
for vehicles in lane i to pass the intersection:

 
    (2)

The index i of traffic stream joins the set  as soon as  
Zi ≥ Tmax.

Optimisation rule aims for minimizing waiting times by 
serving the incoming traffic as quickly as possible. According to 
this rule a traffic stream with the highest priority index πi gets 
green signal, provided that the set  is empty. The priority index 
for stream i is defined as

 
 

    (3)
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where: Ni denotes number of vehicles in lane i that are expected to 
pass the intersection in time τi + Gi, τi,σ

pen is a penalty for switching 
from stream σ to i, τi denotes intergreen time after green signal for 
stream i and σ is the index of currently served traffic stream.

For more detailed information on the self-organizing strategy 
see the paper by Lämmer and Helbing [5]. The traffic control 
algorithm is summarized by the pseudocode in Fig. 1. The capital 
letters G, N, X and Z in the pseudocode were used to indicate the 
predicted (estimated) quantities that are represented by fuzzy 
numbers. The fuzzy variables X describe positions of vehicles. 
Minimum green time is denoted by emin.

for each time step do
 for each lane i = 1 … m do
  if signal i is red then 
   ri = ri + 1 
   if i =  and min i rk = i

0 then
    set signal i green
    ri = 0
  else
   ei = ei + 1
   if i   then 
    set signal i red
    ei = 0
  for each vehicle j = 1 … n(i)
   update Xi,j

  estimate Ni

  predict Gi

  compute Zi and i

  if Zi >= Tmax then add i to 
 if e  >= emin then 
  if  is empt  then  = arg maxi i

  else  = head 

Fig. 1. Pseudocode of traffic control algorithm

3.2. Traffic model

As it was mentioned at the beginning of this section, all 
control decisions in the presented system are based on predictions 
obtained from fuzzy cellular traffic model. The microscopic traffic 
model is used to estimate the numbers of vehicles approaching an 
intersection (queue lengths Ni) and to predict the required green 
times (Gi). 

Estimation of queue lengths is based on both the real traffic data 
acquired from a traffic monitoring system and the results of real-
time simulation. During the real-time simulation the traffic model 
is used to estimate the missing positions of vehicles that cannot be 
determined by the monitoring system. Besides the data on vehicle 
positions, the real-time simulation can also take into account the 
classes of particular vehicles, if such information is available.

Results of the real-time simulation (i.e. data on individual 
vehicles approaching an intersection) are further used to determine 
initial conditions for faster than real-time simulation. The task of 
the faster than real-time simulation is to predict the required green 
times (Gi) for all lanes at an intersection.

The fuzzy cellular model for traffic simulation was formulated 
as a hybrid system combining cellular automata and fuzzy calculus. 
It was based on a cellular automata approach to traffic modelling 
that ensures the accurate simulation of real traffic phenomena [7]. 
A characteristic feature of this model is that it uses fuzzy numbers 
to represent vehicles positions, velocities and other parameters. 
Moreover, the model transition from one time step to the next is 
based on arithmetic of the ordered fuzzy numbers. This approach 
benefits from advantages of the cellular automata models and 
eliminates their main drawbacks i.e. necessity of multiple Monte 
Carlo simulations and calibration issues [11].

A traffic lane in the fuzzy cellular model is divided into cells 
that correspond to the road segments of equal length. Road traffic 
streams at an intersection are represented by sets of vehicles. A 
vehicle j in traffic lane i is described by its position Xi,j (occupied 
cell) and velocity Vi,j (in cells per time step). The maximum velocity 
for vehicle j is defined by the parameter Vmax,i,j. This parameter was 
used in the presented study to distinguish vehicle classes. Velocities 
and positions of all vehicles are computed simultaneously in discrete 
time steps of one second. The necessary computations are based on 
rules of the cellular automata models. More detailed information 
on the traffic simulation with fuzzy cellular model can be found in 
[9-11].

Fig. 2. Membership function of fuzzy number A

It should be noted that all the above mentioned variables in the 
traffic model are expressed by triangular fuzzy numbers. The fuzzy 
numbers are defined by 5-tuples of real numbers and the following 
notation is used:

 
 (4)

Membership function of the fuzzy number is shown in Fig. 
2. The components a(0) and a(4) determine the allowable range of 
values a(1), a(2) and a(3).

The application of fuzzy calculus helps to deal with incomplete 
traffic data and enables straightforward determination of the 
uncertainty in simulation results [10]. There are two main advantages 
of the fuzzy cellular model application: firstly, the traffic simulation 
is computationally efficient due to low complexity of the model; 
secondly, the uncertainties of the simulation inputs and outputs 
can be represented by means of fuzzy numbers. An example of 
simulation results is illustrated in Fig. 3. The gray triangles in this 
figure represents schematically the fuzzy values of the estimated 
queue length Ni (simulation input) as well as the predicted green 
time Gi (simulation output).
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Fig. 3. Example of simulation results

4. Experiments

Simulation experiments were performed in order to compare 
performance of the self-organizing traffic control for two scenarios: 
first, when the class of vehicles is taken into account and second, 
when the information on vehicle class is unavailable. Moreover, 
utilization of two different traffic monitoring systems was considered, 
i.e. a road-side vehicle detection system and a vehicular sensor 
network (VSN). For the road-side detection system it was assumed 
that vehicles can be detected (i.e. their positions can be determined) 
only when passing intersections or entering the road network. In 
the case of vehicular sensor network the complete information on 
vehicles positions is available at each time step of the simulation.

The experiments were performed in a traffic simulator which 
was developed for this purpose on the basis of Nagel-Schreckenberg 
(NaSch) stochastic cellular automata [4]. Topology of the simulated 
network is presented in Fig. 5. Roads are unidirectional, thus each 
intersection has two incoming traffic streams and two signals. 
Links between intersections consists of 40 cells that correspond to 
the distance of 300 m.

A simple modification of the original NaSch model was 
introduced to take into account two classes of vehicles that differ 
in their free-flow velocities. The obtained average free-flow velocity 
was 1.1 cells per time step (30 km/h) for slow vehicles and 1.9 cells 
per time step (50 km/h) for fast vehicles (the simulation time step 
is one second). 

The self-organizing traffic control was simulated assuming that 
the intergreen times τ as well as the minimum green times gmin are 
equal to 5 s and the maximum period Tmax is 120 s. For the purpose 
of control decision making, traffic streams were mapped using 
the fuzzy cellular model. In this model, the maximal velocities 
for particular vehicles were determined by fuzzy numbers on the 
basis of the class information. If the information on vehicle class 
is available (scenario 1) then the maximal velocity Vmax in cells per 
time step is determined as (1, 1, 1.1, 1.2, 2) for slow vehicles and 
(1, 1.8, 1.9, 2, 2) for fast vehicles. In opposite situation (scenario 
2), the maximal velocity for all vehicles is determined as (1, 1, 1.5, 
2, 2).

Fig. 4. Simulated road network

Results of the simulation experiments in Figs. 5-10 illustrate 
performance of the self-organizing traffic control for various sets 
of the traffic data used in making control decisions. The average 
delays of vehicles were determined from 300 hour traffic simulation. 
During this experiment, both the traffic flow volume and the 
fraction (percentage) of slow vehicles were changed in a wide range. 
The solid lines in diagrams represent average delay for the first 
scenario (with vehicles classification), the dashed lines correspond 
with the second scenario (unavailable class information). Figs. 5-7 
relate to the case of using road-side detection system to collect 
the traffic data (information on vehicle position available only at 
the network entrances and at intersections). Figs. 8-10 shows the 
results obtained for the case of traffic monitoring by vehicular 
sensor network (information on vehicle position available in entire 
road network). The delays in Figs. 5 and 8 were registered for the 
fraction of slow vehicles equal to 10%. The charts in Figs. 6 and 9 
were obtained assuming the traffic flow volume of 540 vehs/h.

The simulation results show that the availability of detailed 
information on vehicles positions in VSN allows the self-organizing 
traffic control to reach higher performance for all analyzed traffic 
flow volumes and all percentages of slow vehicles (compare Fig. 5 
with Fig. 8 and Fig. 6 with Fig. 9). 

Fig. 5. Average delay vs. flow volume (road-side detection)
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Fig. 6. Average delay vs. fraction of slow vehicles (road-side detection)

Fig. 7. Delay reduction due to vehicles classification (road-side 

detection)

If the traffic control algorithm takes into account the 
information about class of vehicle, then the resulting improvement 
of the traffic control performance (i.e. delay reduction) grows with 
the volume of traffic flow (Figs. 5 and 8). 

Fig. 8. Average delay vs. flow volume (VSN)

Fig. 9. Average delay vs. fraction of slow vehicles (VSN)

Fig. 10. Delay reduction due to vehicles classification (VSN)

Utilization of the class information enables reduction in the 
average delay, especially for the percentage of slow vehicles in 
range between 10% and 50% (Figs. 6 and 9). The highest relative 
reduction of the average delay was observed for the percentage of 
slow vehicles equal to 10% (Figs. 7 and 10).

5. Conclusion and future works

In this paper the self-organizing traffic control strategy was 
integrated with the microscopic fuzzy cellular traffic model. The 
proposed approach allows the traffic control system to utilize input 
data that describe parameters of particular vehicles. Such microscopic 
traffic data can be collected in traffic monitoring systems that are based 
on new telematics technologies, e.g. video-detection or vehicular 
networks.

Traffic control decisions in the proposed system are made 
on the basis of input data that describe traffic streams at the level 
of individual vehicles. Processing of the large input data sets is 
performed by using fuzzy cellular traffic model, which enables a fast 
prediction of queue lengths at intersections. Due to the application 
of fuzzy calculus, the model is suitable for processing incomplete 
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input data sets that are obtained when some of the data on vehicle 
parameters are unavailable or ignored. Therefore, the fuzzy cellular 
model can be used to compare the performance of traffic control for 
different sets of the input data.

Evaluation of the proposed traffic control strategy were performed 
in a simulation environment. The experiments aimed at investigating 
the effect of input data precision on performance of the traffic control. 
To this end, average delay of vehicles was analysed for a traffic control 
in a road network. The analysis covered utilization of detailed data 
describing positions and classes of individual vehicles. Results of the 
simulations shows that the performance of urban traffic control can 
be enhanced through utilization of microscopic traffic data.

The obtained results provide a strong motivation for further 
research on applications of both the self-organization paradigm 
and the microscopic models in adaptive urban traffic control. An 
important issue for future studies is the validation of the proposed 
approach in real-traffic conditions. The experiments should also 
take into consideration various measures of traffic performance 
(e.g. travel times, queue lengths, stop counts) and potential sources 
of errors, i.e. detection accuracy and quality of communication 
channels.
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ABSTRACT
This paper focuses on analysis of arrival behavioural pattern of air travellers and provides operational data 
gathered through three independent data collection capaigns at three different airports. 
This paper aims at comprehensive analysis of the arrival processes at the following airports: Bratislava Airport in 
the Slovak Republic (LZIB), Brno-Turany Airport in the Czech Republic (LKTB) and Hamburg Airport (EDDH) 
in Germany. This paper also provides a description the airports in terms of annual passenger throughput, number 
of movements and further airside and landside characteristics.
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1. Introduction

On time performance of European air transport Europe shows 
weak results these days. Compared to the ACARE1 goal of 99% 
punctuality within 15 minutes2 the average actual value in Europe 
is only around 78%.

Recent studies from Eurocontrol Performance Review Commission 
(e.g. Punctuality of Airports Study and Performance Review Report) 
reveal that main contribution to insufficient punctuality results from 
a variance of the time an aircraft leaves its stand for departure (“off-
block time”). This leads to poor predictability within the flight planning. 
In order to maintain a basic stability, airlines introduce costly time 
buffers within their schedules and/or reserve extra aircraft. Reducing 
only 5 minutes of buffer in 50% of the flight-plans in Europe would 
save a magnitude of one billion Euro per year3. Punctuality is therefore 
primarily achieved by the predictability and duration of the turnaround 
process at the airport. The introduction of tightened security measures 
after 9/11 terrorist attacks and subsequent terrorist activities added an 

1 ACARE - Advisory Council for Aeronautics Research in Europe
2 see Strategic Research Agenda-2 / Vision 2020, ACARE
3 see Performance Review Report 2005, EUROCONTROL Performance Review 

Commission

additional burden to this predictability and reduced passenger comfort 
at airports in addition.

Considering recent development, some ideas already are 
being developed (e.g. Total Airport Management, developed by 
EUROCONTROL and DLR or Collaborative Decision Making ) to 
foster time efficiency in airport operations but so far most solutions 
are only focussing on one specific aspect or area of airport procedures. 

2. Bratislava Airport (LZIB) 
operational data

2.1. LZIB Characteristics 

Bratislava Airport is the main and busiest airport in Slovakia. 
It is situated in the southwest edge of the country, 9 km from 
the Bratislava city centre. Thanks to its geographical position it 
has favourable meteorological conditions throughout the year. 
The airport is used by both passenger and cargo air carriers for 
operating scheduled and non-scheduled flights to international 
and domestic destinations. The Bratislava airport has dominance 
in the market of Slovak international airports and its market share 
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in terms of aircraft movements as well as in terms of passenger 
throughput significantly exceeds the market share of other Slovak 
airports but has to face to strong competition from the Vienna 
airport on the traditional airlines scheduled flights.

2.1.1. Airport ground access/egress

Bratislava airport is easily accessible by road thanks to its 
immediate vicinity to the motorway that connects Bratislava with 
the northern parts of Slovakia. On the other hand, public airport 
access/egress services are provided only by means of city transport 
bus that directly connects Bratislava airport with the Bratislava 
Main Train station located close to the city centre. The bus trip from 
Bratislava Main Train station to the airport takes 21 minutes and 
the service frequency is 15 minutes. The accessibility of airport from 
other parts of Bratislava by means of public transport modes is poor. 
For example, there is no direct public transport connection between 
Bratislava Main Coach station and the airport. The low quality of 
public airport access/egress services is reflected by the fact that as 
much as 73% of passengers use car or taxi to access the Bratislava 
airport.

The plans for future development of Bratislava airport include 
the integration of the airport into city tram and railway network, 
which will lead to improvement of the airport accessibility by public 
transport.

2.1.2. Activity and traffic mix

The Bratislava airport has been during last 6 years experiencing 
huge growth in operations. The reason is just like at many the other 
airports in Central Europe: boom of the low-cost carriers which 
expand new routes and attract large segments of the population. 
However, in recent months, as a result of current economic crises, 
two of key airlines operating their flights from Bratislava went to 
bankrupt (i.e. SkyEurope and Seagle Air). This fact will probably 
lead to slowdown of Bratislava airport development and it can be 
even expected that there will be a slight decline in traffic volumes 
in a few following months/years. On the other hand, it is expected 
that one of the leading European low-cost carriers (i.e. Ryanair or 
Wizz Air) will overtake SkyEurope’s and Seagle Air’s market share 
which will likely lead to the recovery of the air transport market 
in Slovakia.  

The following figure and tables (see Figure 1and Table 1) depict 
the overall passenger throughput and total aircraft movements at 
Bratislava airport in the past.

Fig. 1. LZIB: Total passenger throughput/total aircraft movements

As a complement to the above mentioned data, the following 
tables clearly demonstrate enormous traffic growth at Bratislava 
airport in the past.

Table 1. LZIB: Passenger throughput in 2001 – 2008 (Source: 

Bratislava airport)

Year
Passengers 

Scheduled

Passengers Non-

Scheduled

Passengers 

Total

Transit 

Passengers

2001 134,842 153,580 293,326 15,549

2002 159,441 204,039 368,203 3,428

2003 250,460 223,931 480,011 13,906

2004 560,138 330,140 893,614 42,722

2005 971,245 349,663 1,326,493 51,386

2006 1,603,526 328,921 1,937,642 28,674

2007 1,611,211 393,330 2,024,142 42,241

2008 1,753,752 464,793 2,218,545 26,489

The structure of offered destinations and contribution of 
particular destinations to the overall passenger throughput influence 
the passenger typology and consequently the passenger behavioural 
pattern. The following chart (see Figure 2) depicts the basic passenger 
structure at Bratislava airport considering the passengers’ origin and 
the trip purpose. 

 Fig. 2. Basic structure of passengers at LZIB in 2007

2.1.3. Analysis of Arrival Processes at 
Bratislava Airport

The analysis of arrival behaviour of passengers at Bratislava 
airport has been performed based on passenger survey data that 
were collected during summer months of 2003, 2004 and 2007. 

Bearing in mind that business passengers4 are more experienced 
and they fly more frequently than holiday and other leisure 
travellers, it is possible to see differences in behaviour of both groups 
of passengers in terms their arrivals to the airport before the flight. 
While average arrival time of a business passenger is 116 minutes 
(115.59 minutes) before STD (Scheduled Time of Departure) (BTS 
Airport case, see Figure 3), leisure traveller arrives to the airport 
more than two hours before the flight (average arrival time of leisure 
traveller before STD from Airport Bratislava is 121.32 minutes, 
Figure 4).

4 passengers flying for business purposes



M. ŠTEFÁNIK, B. KANDERA, B. BADÁNIK

37

Fig. 3. BTS: Cumulative arrival earliness pattern (business 

passengers)

Fig. 4. BTS: Cumulative arrival earliness pattern (leisure travellers)

There is also slight difference to be observed in the behaviour 
of Slovak citizens and foreigners flying from Bratislava airport. 
From our point of view, this has something to do with the fact that 
Slovak travellers are using the “home base” airport while foreigners 
are generally less experienced in using public transportation 
system to reach the airport. That is why they plan their journeys 
with bigger “time buffer” to be able to accommodate some 
uncertainties and irregularities. This example is to be observed on 
the following charts (see Figure 5 and Figure 6). Slovak travellers 
come to Bratislava Airport 113.79 minutes (in average) before 
STD and foreigners’ average arrival time before STD from Airport 
Bratislava is 126.03 minutes.

Fig. 5. BTS: Cumulative arrival earliness pattern (Slovak travellers)

Fig. 6. BTS: Cumulative arrival earliness pattern (foreigners)

As can be seen in figures below (see Figure 7, Figure 8, Figure 9), 
arrival behaviour of passengers fluctuates during the day. Passengers 
departing in the morning (i.e. before 11:00) tend to have shorter 
time buffers as everybody likes to sleep longer in the morning 
while passengers departing in the afternoon or in the evening 
usually come to the airport more in advance. Longer time buffers 
in the evening probably results from the fact that business passengers 
goes to the airport immediately after the meeting regardless the 
departure time. In the case of Bratislava airport, average arrival 
time in the morning is 105.63 minutes before STD (Scheduled Time 
of Departure), average arrival time during day (i.e. 11:00 – 16:00) 
is 126.42 minutes before STD and average arrival time in the 
evening (i.e. after 16:00) is 127.05 minutes. This arrival earliness 
fluctuations throughout the day are also reflected in arrival earliness 
distributions published in IATA’s Airport Development Reference 
Manual. However, compared to IATA’s figures, average dwell times 
in terminal at Bratislava airport are significantly longer.

Fig. 7. BTS: Cumulative arrival earliness pattern (departures before 

11:00)

Fig. 8. BTS: Cumulative arrival earliness pattern (departures 

between 11:00 and 16:00)

Fig. 9. BTS: Cumulative arrival earliness pattern (departures after 

16:00)
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3. Brno-Turany Airport (LKTB) 
operational data

3.1. LKTB characteristics

Although with the statute of international airport, LKTB is 
a typical regional European airport as far as traffic is concerned. 
The non-scheduled (or charter) flights represent a vast majority 
of movements, followed by general aviation (GA) movements; 
regular, or scheduled, flights add up to only a small percentage 
of all flights (movements) at the airport. However, this situation 
might change in near future due to establishment of new routes by 
low-cost carriers. The development of traffic is described further 
in this paper.

3.1.1. Activity, traffic mix and future 
projections

Recently, the airport has been experiencing huge growth in 
operations. The reason, just like in other countries of Central Europe, 
is a boom of low-cost carriers that introduce new routes and attract 
a large portion of the population. The recent development in 
operational parameters at Brno-Turany airport is described in the 
following figure and table (see Figure 10 and TABLE II).

Fig 10. LKTB: Total passenger throughput/total aircraft movements

Table 2. Passenger and aircraft movement figures  [Source: Brno-

Turany airport website]

Year Passengers total Passengers 
scheduled

Aircraft 
movements

1995 101,679 5,412 8,070

1996 124,163 6,298 8,332

1997 138,276 4,976 9,343

1998 110,948 4,748 8,246

1999 127,954 0 7,899

2000 112,950 4,816 7,406

2001 128,583 4,500 8,052

2002 156,519 4,600 13,506

2003 166,142 1,400 16,596

2004 171,888 0 17,823

2005 315,672 90,246 16,126

2006 393,686 151,864 20,081

2007 415,276 unknown 22,893

2008 506,174 unknown 29,303

As can be seen in TABLE II, the non-scheduled flights still 
add up to more than 60 % of total traffic at Brno-Turany airport. 
Therefore, it is very difficult to predict future traffic at this airport. 
Considering the STATFOR’s optimistic scenario for the air traffic 
growth in Central Europe for the years 2005 – 2025, the peak hour 
traffic at LKTB will reach declared hourly capacity of the terminal 
in the second half of the next decade. However, these are very 
rough estimations as a new low-cost carrier entering the market 
or established operators opening new route could cause the traffic 
boom similar to the one when Ryanair came to Brno-Turany 
airport in 2005.

3.1.2 Analysis of Arrival Processes at Brno-
Turany Airport

The arrival behaviour of passengers at Brno-Turany airport has 
been performed using data that were originally collected for the 
purposes of comprehensive airport landside capacity enhancement 
study [5]. Data were collected during spring 2007.

Based on the available data, we were able to analyse arrival 
behaviour of passengers flying with charter and scheduled airlines. 
Scheduled airlines includes both low-cost and traditional airline. 
As can be seen from  , holiday makers (i.e. passengers of charter 
airlines) tend to arrive significantly earlier than passengers of 
traditional and low-cost carriers. In the case of Brno-Turany 
airport, the passengers of charter airlines arrive as much as 31% 
earlier compared to passengers of scheduled airlines. Average 
arrival time of passengers flying with charter airlines is 144.63 
minutes before STD (Scheduled Time of Departure), while average 
arrival time of passengers using the services of scheduled airlines 
is only 110.40 minutes before STD. This trend results from several 
factors:

Higher potential financial loss of charter flight passengers in 
the case of missing flight (risk of spoiled holidays);
Charter flights usually have higher share of inexperienced 
passengers;
Holiday makers usually carry more check-in baggage;
Holiday makers usually travel in bigger groups (e.g. families, 
couples, friends), which make travelling to/from the airport 
more complicated;
Charter flight passengers have to visit travel agent counter before 
proceeding to check-in.

Fig. 11. BRQ: Cumulative arrival earliness pattern
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4. Hamburg Airport (EDDH)

4.1. EDDH Characteristics

Hamburg airport is the fifth busiest airport (out of 16 commercially 
operated airports) in Germany. In 2008, Hamburg airport served 
12,840,000 passengers and 173,500 aircraft movements [8].  

4.1.1. Analysis of Arrival Processes at 
Hamburg Airport

The arrival behaviour of passengers at Hamburg airport has 
been analysed based on data provided by DLR for the purposes of 
the ASSET project. 

The arrival behaviour of passengers at Hamburg airport has 
been analysed from several points of view:

Access transport mode (taxi, bus, car)
Booking class (business and economy)
Time of aircraft departure (early morning, day, evening)

As can be seen from the charts hereinafter (see Figure 12. 
Figure 13. Figure 14. Figure 15. Figure 16. Figure 17. Figure 18. and 
Figure 19), the differences in arrival behaviour of particular group 
of passengers at Hamburg airport are statistically insignificant. 

The analysis of arrival earliness distribution of passengers 
according to transport mode showed that passengers using taxi arrive 
at the airport on average 90.76 minutes before STD (Scheduled Time 
of Departure). Passengers travelling by bus arrive at the airport by 2 
% earlier compared to those travelling by taxi. Passenger travelling 
by car arrive at the airport by 2.4 % earlier (in the case of short-term 
parking) or by 2.9% earlier (in the case of long-term parking) in 
comparison with those travelling by taxi (see Figure 12. Figure 13. 
Figure 14. and Figure 15.).

According to available data, business class passengers arrive at 
the airport slightly earlier compared to economy class passengers. 
But the average difference between these two groups of passengers 
is less than 1 % (Figure 16. and Figure 17.).

Fig. 12. HAM: Cumulative arrival earliness pattern of passengers 

(Arrived by taxi)

The fluctuations in arrival behaviour of passengers at Hamburg 
airport are also insignificant. Passengers departing in the early 
morning (i.e. 06:00 – 10:00) tend to arrive at the airport on average 
91.26 minutes before STD. During day (i.e. 10:00 – 18:00), passengers 
arrive at the airport on average 94.06 minutes before STD and in 

the evening (i.e. 18:00 – 24:00) 90.36 minutes before STD. The 
fluctuations of arrival behaviour of passengers at Hamburg airport 
does not fully correspond with the fluctuations published in IATA’s 
Airport Reference Development Manual.

Fig. 13. HAM: Cumulative arrival earliness pattern of passengers 

(arrived by bus)

Fig. 14. HAM: Cumulative arrival earliness pattern of passengers 

(arrived by car – short-term parking)

Fig. 15. HAM: Cumulative arrival earliness pattern of passengers 

(arrived by car – long-term parking)

Fig. 16. HAM: Cumulative arrival earliness pattern (business class 

passengers)

Fig. 17. HAM: Cumulative arrival earliness pattern (economy class 

passengers)
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Fig. 18. HAM: Cumulative arrival earliness pattern (departures 

between 6:00 and 10:00)

Fig. 19. HAM: Cumulative arrival earliness pattern (departures 

between 10:00 and 18:00)

Fig. 20. HAM: Cumulative arrival earliness pattern (departures 

between 18:00 and 24:00)

5. Conclusion

In conclusion, it can be said that arrival behavioural pattern 
of each airport is influenced by number of factors, e.g. traffic mix, 
integration of airport to regional/national/international ground 
transport network, check-in and security search requirements, 
airline procedures etc. For this reason, every airport has specific 
arrival behavioural pattern. In order to understand arrival related 
processes at particular airport, it is necessary to perform data 
collection directly at concrete airport. 

Based on analysis of arrival earliness pattern at three European 
airports, we can define the following trends in arrival behaviour 
of passengers that can be considered as universal (i.e. can be 
observed at majority of airports):

Leisure passengers arrives earlier than business passengers;
Charter flights passengers arrives earlier than passengers of 
scheduled flights;
Inexperienced travellers tend to arrive at the airport earlier 
compared to experienced passengers;
Foreigners tend to arrive at the airport earlier compared to 
domestic travellers;

Passengers travelling in the morning usually have shorter time 
buffer compared to passengers travelling in the afternoon and 
in the evening.
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