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1 Introduction

1.1 Purpose of the Document

The purpose of the document is to summarize the environmental and social impacts of the usage of
road and vehicle sensors which can enhance the effectiveness road transport management and the
transport safety.

1.2 Document Status Sheet

Version Date Description

1.0 07/03/2008 The impact of the usage of road sensors
Interim report on environmental and social impacts of the usage of road
and vehicle sensors

Table 1. Document Status Sheet

2 Reference Documents, Abbreviations and Definitions

2.1 Reference Documents

[11 MORYNE Description of Work

[2] Bartus G., Monostori K., Szabo6 M. [2005]: A fejlesztéspolitikai intézkedések teljes tarsadalmi
koltségének becslése. Fejlesztéspolitika tarsadalmi hatasai 3. TARKI, Budapest. p36.;

[3] Dr. Tanczos Laszloné: A kézlekedési infrastruktira fejlesztésével és a kdzlekedési rendszerek
mikodtetésével 6sszefliggd harmonizacios feladatok;

[4] Kishore Bhamidipati: Reference book of the SQL programs (1999)

[5] Istvan Bana: The system organisational methodology SSADM (1994)
[6] Michael J. Fernandez: Designing the data basis (2004)

[71 Jeffrey D. Ullmann, Jennifer Widom: Data basis systems (2004)
[8] Joe Celko: SQL at the highest level (2002)
[9] KTl studies.

2.2 Abbreviations

ASC: average social cost of the journey
V: speed of the traffic

Q: volume of the traffic

t: time

s: way
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2.3 Definitions

The sustainable development is a complex process that can assure the satisfaction of the
demand of the present without dangering the possibilities of the future generations in relation with
the satisfaction of their own demands. The notion means the sustainable economic, ecological
and social development.
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3 The environmental and social impacts of the usage of
road and vehicle sensors to enhance the effectiveness
road transport management and the transport safety

3.1 Environmental impacts

At the analysis of the environmental and social impacts of the usage of road and vehicle sensors that
situation shall be investigated how they can influence the transport process connected to emission
(pollution, gas-emission), immission (noise), and other impacts (illnesses).

By proper traffic management measurements the environmental damages can be reduced and the
social impacts of the transports will be improved. The mobile sensor usage can support this activity
and the sustainable development of transports. It provides awareness of meteorological and actual
traffic situation by acquiring real-time data.

In the MORYNE project the final results will be received in Berlin during the demonstration of the
usage of mobile vehicle sensors on BVG busses.

The sensors built in into the vehicle measure the various environmental impacts having an influence
on the vehicle. The dispatcher-centre will find out about the performance of the services and the road
conditions and so dynamic trip plans can be drawn up, that will fit well to the environmental
circumstances.

The transport services given by the system are based on the vehicle fleet controlling activities. The
safety engineering program packet, as well as the static and dynamic line service planning is based on
the information provided by the sensors.

The system keeps a continuous and direct contact with the data collecting units placed on the chosen
vehicle through handling the transport oriented tools of the mobile telecommunication and the local
data to be achieved on the vehicle. As a result of this it can directly promote the traffic management in
making the traffic organising decisions.

The formulation of the above mentioned goals were motivated by social and economic challenges, as
e. g. the sudden growth of the population-density, the demand for the improvement of the traffic
safety, the demand for the reduction of the utilisation and of the environmental charges, the support of
the safe and quick getting of the people to their destination. The developed information and
environmental system can exert an important impact on the reduction of the environmental loads
through the creation of the harmony between the driver and the environment.

The environmental policy sets goals, means, and measurements and considers the transport
processes. Important is the avoiding the smoke, soot, SO,, NO, emissions and acidic rain.

The environment policy is characterised by four types.

Curing environmental policy

This type of the environmental policy is a “fire fighter or the ambulance doctor” of the environmental
policies. The direction of the curing environmental activity, as it can be seen from the illustration,

shows on the quadrangle of the “impacts. This would like to alleviate the already occurred damages.
In general this type of environmental policy is the most expensive and the least efficient solution.
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Impact-oriented environmental policy

The tools of the environmental policy would like to improve the immission state and in this case the
quality of the environment under conditions, where the emission values will not be diminished.

Source-oriented environmental policy

This environmental policy is spread in the widest circle together with its tools and methods. Its goal is
to decrease the harmful material emission. The classic “end of pipe” methods were mainly established
as a result of the negative stimulation of the direct regulating methods (norms, limit values,
punishments).

Structure changing, preceding environmental policy

Out of the various environmental policies this type is which can get the most positive evaluation.
Considering the essence of this policy this is an impact mechanism, that divert the economy or the
whole society to an environmentally friendly direction. Its goal is the transformation of the micro- and
macro-structures of the society that promotes the transformation in harmony with the nature in long
term. The final target of this environmental policy is the insurance of the sustainable development.

The sensor usage can support mainly the source-oriented environment policy and can contribute to
the preparation of a structure changing, preceding environmental policy as well. The basic principles,
goals and the system of available tools can be determined easier by the available information.

The investigation of materials serving for the assurance of skid-free road surface

e The European Union determines on several fields the legal frameworks for each area to be
regulated for the Member States in directives or in frame-directives. The traffic during winter
and the theme circle of ensuring the skid-free surface of the pavement do not belong to those
areas. There is no uniform regulation in the EU at present for this problem and it is not planned
to elaborate such a regulation. The task of the Member States is the elaboration of their own
regulating system fitted to their own circumstances.

e The main cause of this situation can be found in the fact that the Member States have very
different climatic and road-network characteristics and the uniform regulation would not
correspond to each Member State.

e The investigation is more and more appreciated, which will be impact of the salt scattered on
the ground water and on its quality.

Table 1: The summarising evaluation of the environmental impacts

Environmental, Qualification of the skid-free surface assuring materials
territorial specialities | Roughening | Salts containing | Acetates Materials Alcohol, glycol
materials chloride having plant
nutrient
character
Areas sensible for the | Unfavourable | Neutral Neutral It can be It can be stinking
cleanness of the air stinking
Outstanding Mud Neutral Temporarily It can It can become
catchments deposition, neutral become toxic, it cannot be
but in general toxic, it recommended
not important cannot be
recommend
ed
Open carst, one of the | Neutral Transitionally Transitionally It can It can become
outstanding sensible unfavourable, it | unfavourable become toxic, it is not to be
subsurface water can become toxic, it is recommended
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protection areas toxic, too not to be
recommend
ed
Nature conservation Neutral It cannot be Its impact is It cannot be | It cannot be
areas recommended | uncertain recommend |recommended
on increasingly ed
protected areas
Inner areas, which are |Because of Unfavourable, | Practically If it is not It cannot be
not belonging to on of | dust formation | the utilisation neutral stinking, its | recommended
the outstanding it can be used | can be impact is
categories only with recommended practically
conditions only restrictedly neutral
Other areas Neutral Practically Neutral Neutral It can be used only
neutral in special cases

Analysis of the domestic situation

e The protection of the natural and artificial environments can be achieved through the reduction
and optimisation of the scattering of the environment polluting chemicals.
e The grouping can be made in accordance with the impact mechanism:
- melting materials (these are the in water soluble chemicals, that exert their effect through
the reduction of the freezing-point
- roughening materials (they have mineral origin, are composed materials, and they can
exert their impact mechanically with increasing the skidding friction.
e The basic types of the materials having skidding elimination character:
- solid materials: minerals, mining products, industrial products.
- liquid materials: solutions, organic compounds (alcohol, amides, acetates).
e The freezing point reducing impact depends on the volume of the solutes (concentration) in
addition to the physical-chemical characteristics of the given compound.

Table 2: The advantages and disadvantages of the utilisation of solid and liquid scattering materials:

Scattering materials in solid state

Scattering materials in liquid
state

Advantages

1.

storage, in simple covered salt-
containers at the operators

1

the dosage of the scattered
quantity can be well

2. the engineering background of the regulated
utilisation is resolved 2 the melting process will be
3. no additional activities are required started immediately and
before the direct use quicker
4. concerning the not used up material the |3 the material loss is smaller
storage of “water” is not necessary 4 the environmental damage
5. the specific material-price is lower and the corrosion causing
impact are lower
Disadvantages 1 the solid granules will be swept away by |1. the storage is possible in
the traffic containers
2 in windy weather the granules of the 2. the solution preparation shall
melting material will not be got to the be also considered
wanted place 3. the solution shall be
3 the environment damaging and corrosion homogenised before
causing impacts shall be taken into utilisation
consideration 4. the mechanical tools serving
for the scattering of the
solution are not assured at
every place
5. because of the solution
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preparation the specific
material-price is higher

Comprehensive economic analysis of the operation during winter, concerning the environmental
damages and the road traffic during winter

¢ Antecedents: The skidding eliminating materials used during the winter operation can pollute
the natural environment to various extents. The forms of the damage caused to the
environment are well known, but the impact on short and long runs of those, as well as the
quantification of the advantages and disadvantages rely only on estimations.

e Justification: taking the traffic safety standpoints of the operation during winter and the
environmental impacts of the skidding elimination of the road surface using chemicals into
consideration, an optimum solution shall be elaborated.

e The results to be expected: in addition to keeping the safety of the road traffic during winter at
the proper level the environmental and corrosion damages shall be reduced.

The changes in the environmental impacts

The changes of the environmental impacts can be estimated using two different methods:

¢ Using a simplified method, where the noise, the air-pollution and the impact of the climatic
change can be appreciated with parameters characteristic for the transport volume (vehicle-
km, passenger-km, and ton-km) and on the basis of the external costs.

e Using a detailed estimation method, where the estimation of the noise immission (state) and of
the air pollution emission (emission) will be made and the specific costs are also in this unit of
measure will be expressed.

Environmental impacts of the intelligent transport system in Miskolc

The connection between a town and the public transport becomes apparent in the transport network.
The transport network forms the backbone and organisation of the whole town, the connecting link of
the areas to be delimited well having different designations, but at the same time separating them from
each other.

Besides the inner traffic of the town and in the transport connection the transport network connecting
the town to its environment plays an essential role. The town can correspond to its central function
only in the case, where it is connected through a properly developed transport network and is able to
intervene in real time with a good transport management to its environment. An important segment of
this is the automated passenger counting system.

Since the year 2006 the measuring tools have been mounted on 40 buses at the Transport Company
of Miskolc exclusive joint stock company, with the aid of which a bus fleet has been operated first in
the country at Miskolc, with the aid of which the process of optimisation of the public transport could
be continuously supported.

MORYNE - 027041
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Figure 1: Reference day

Intelligent passenger counting system

- quick and cost-effective transportation, with high exploitation level,
- service optimisation, which is advantageous for the passengers, too.
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Figure 2: Passenger counting
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3.2 Social impacts

In the social impact aspect the ideal price of the products and services shall reflect the total social
costs. The polluting person should bear the costs of the pollution-reduction (the value of it would be
determined by the authority). The internalisation of the costs of the damages caused by the pollution is
necessary. Environment management methods, and means have to be applied and impact revision of
the environment, performance evaluation, ecological marketing, environmental reports (voluntarily)
has to be elaborated.

The application of environment evaluating methods, investments (projects) cost-benefit analyses, the
estimation of the changes occurred in the quality of the environment and in the value of the natural
resources induces social benefits for the society. The reduction of external costs, appropriate pricing,
elaboration of rules for the environmental protection and preparing the necessary investments can be
accomplished with a well functioning traffic management system. Both the transport company and the
society have social benefits from the traffic organisation.

A better overview of the traffic situation provides a possibility to set the proper goals of the regulations:
- the building in of the extreme costs into the economy,
- the stimulation of the material- and energy-saving and of the waste-arm economic
management.

Regulation can be effected directly through laws, commands and control. Its characteristic is the
overweight of the use of legal pressure.
Its types are: interdiction (material, technology and product),

instruction (recommendation) = frame-regulation.
The benefits of it are calculable reaction, principally easy checking, and relatively quick results.
Indirect regulation is characterised that it built into the economic interests.
Regulation of tax-character: the fiscal tax to create of the source for a task;
The environment regulating tax is for generation of costs, and diverting the consumption
(investments).
Benefits: it considers the specific costs better (deprivation in %).

The most important variables for the characterisation of the road traffic are as follows — the speed of
the traffic (V) — the density of the traffic - the volume of the traffic (Q). Whilst for the description of the
movement of an individual vehicle we shall only know its speed, then in the case of several vehicles
we shall have information about the traffic-density and the traffic-volume. By this we understand the
number of motor vehicles on a unit of the road section (measure: vehicle/kilometre).

In the micro-economic model the price of the transport can be derived from the required length of time
and the distance. In the case of changing the traffic-density the time required for the unit length of the
sector will change in reverse proportionally with the speed (t/s = 1/V, t — time, s — way). If the speed
diminishes, then the journey time will increase, and as a consequence of it the average social cost of
the journey (ASC) will also increase. For the sake of simplicity we shall suppose that the vehicle
drivers form a wholly homogeneous group and they are facing with the same costs.

The increase of the journey time means first of all as a consequence of the not occurring working or
leisure times an implicit cost. On the other hand the fuel consumption, the pollution of the
environment, and the other costs will increase in the case of the decrease of the speed. The other
costs independent on the speed are the maintenance costs, the insurance and the taxes.

The sensor supported transport organisation and traffic management system can improve the
situation, diminish environment damages and pollution, decrease the fuel consumption, save journey
time of working people, increase the traffic safety and contribute to the social benefit.

MORYNE - 027041
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The arrangement of the road traffic at the highest possible level, the augmentation of the transport
safety, the safeguarding of a more liveable environment and the improvement of the accessibility
belong to one of the most important goals of the development in relation to the road network.

One of the key issues of the cost-benefit calculations is the prediction of the traffic (volume,
composition, speed) to be expected on the road network investigated after putting this into service.
This does not form a part of the cost-benefit calculation process, but it is an important input data for
the process. The determination method of the traffic has to be demonstrated.

In simple cases (by-passing roads of small settlements, pavement reconstruction performed on a
shorter section, cross-section extension), therefore when no significant traffic rearrangement can be
expected in the area investigated, manual methods are to be used for the prediction, and so the future
traffic volume can be determined with the aid of traffic engineering multiplications given in the
technical prescriptions of the road construction.

In other cases (e. g. urban by-pass streets, express roads, and longer sections of main roads) the
characteristics of the traffic should be determined with the aid of computer aided models.

The specific environmental marginal costs in the road traffic investments can be calculated as follows:

Table 3: Specific external marginal cost of the environment

Suburban
HUF/vehicle-km Light vehicle Heavy vehicle multiplication
Noise charge 26 491 48 744 0,5
Air pollution 89 393 12108 0,8
Climate change 27 123 7 391 1

The following effects can be calculated: travelling time saving, change in the accident risks, operating
costs of the motor vehicle, changes of the environmental impact; out of this: noise load, air pollution,
climate change.

Potential advantages assured by the sensors:

- scheduled traffic

- reduction of the travel time

- reduction of the vandalism

- increasing the security sense of the passengers and of the drivers

- reduction of the number of accidents

- this promotes the examination of the accidents and damages resulted.

The extent how the accidents will decrease as a consequence of the utilisation of the mobile road
Sensors:

- no troubles occur in the traffic

- no troubleshooting shall be carried out

- no examination on the spot shall be accomplished

- no measurements shall be made on the spot from the side of the line engineering service
- no vehicle replacement shall be made

- the damaged vehicles should not be repaired.

To what extent and how the traffic sensors can increase the traffic safety:

MORYNE - 027041
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- the reduction of the number of road accidents(engineering evaluation of the traffic
environment)

- the real time information of the driver about the traffic, traffic engineering and technical
partners

- the direct connection between the driver and the traffic engineering staff (transmission of talks,
pictures and commanding signals)

- the video system improves the personal security of the driver

- the video system improves the personal security of the passengers.

Remarks related to the development plan utilised in the framework of the MORYNE project
by the Budapest Transport Company

The main advantages are: Through the precise and in real time performed following up of the
prevailing situation in the traffic, the Traffic Controlling Centre can react appropriately toward the bus
drivers with the transmission of recommendations in conformity with the traffic situation (e.g. traffic
jams, by-pass routes).

Greater safety for the vehicle drivers: the automatic processing of the video-data makes the
avoidance of the troubling of the bus drivers during the communication with the Traffic Controlling
Centre possible and he can concentrate his attention to the driving of the vehicle concerned.

The safety of the passengers: the use of the video on the bus and outside the bus can protect the
passengers and the vehicle driver against the attacks and criminal acts. The permanent, round the
clock video data recording can help in the identification of accidents and other events (more
passenger, increase of the revenue).

In the case of traffic accidents the Traffic Controlling Centre can make measurements in due time and
immediately for the rescue actions without any delay (protection of life and fortune).

If the bus driver is in danger, he can send an emergency call toward the Traffic Controlling Centre,
where the video data coming from the vehicle can be seen and they can intervene in due time.

It occurs frequently that passenger cars park in the lane preserved for the buses and thereby they
hinder the running of the buses. The use of the video system placed outside the buses can help in the
monitoring of the bus-lane and renders the transmission of a picture (registration table) and the exact
place (GPS) to the police possible, which can intervene quickly.

In the case of technical failures the help can arrive in due time from the Traffic Controlling Centre
using the sensors, and a consequence of this can be the reduction of the number of service
cancellations.

With the utilisation of air humidity sensors, air temperature sensors and road surface temperature
sensors the risk of the bus drivers can be reduced (snow, rainfall, frost riving) and thereby the safety
of the vehicles and of the passengers can be increased (fewer accidents, cost-reduction).

With the aid of the sensors installed in the vehicles the efficiency of the public transport system can be
increased and the consequence of this can be that many people will choose the public transport
instead of the individual drive, which can result for us in the revenues. The MORYNE project can help
in the implementation of this goal and so during some years a more streamlined, advanced, safe,
passenger friendly and efficient traffic controlling system would be able to achieve, accomplished with
modern engineering tools.

MORYNE - 027041
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With the aid of the sensors installed in the buses, information about the data related to the water
temperature, volume of the refrigerating fluid, speed, the momentary rpm value of the engine and of
the gearbox could be got, which would be therefore of importance, since the Traffic Controlling Centre
could get information in due time about the occurring problems, or which could occur. The utilisation of
the recorded data of the digital tachograph and its results can be essential.

The town of Miskolc and the Intelligent Transport

Situation

In the preamble of the Green Paper of the European Union is stated that the efficient passenger
transporting systems are fundamental from the point of view of the European economies and of the life
level of the European population. It is of importance that the structure of the transportation systems
shall correspond to the passengers' demands and it shall be flexible enough and can follow the
changes of the demands. The passenger cars have several advantages: the independence, which is
the synonym of the flexibility. At the same time its can multiply the traffic jams, the air pollution and the
number of accidents as well. These factors afflict uniformly the motorists and those people, who have
no automobiles. If we do not want to deprave our living conditions and our environment, then the
development of the public transport systems shall be preferred in the transport of the passengers. This
means that the public transport should be more flexible and should be adapted to the demand of the
community.

Formulation of the consequences

The development of the urban bus networks is a very complicated task, where very many standpoints
shall be taken into consideration. The transport associations have the tasks of the network design
made in general with undertakings specialised to these types of activity. Therefore their position is
very exposed in this field. They have no appropriate software and infrastructure supports in order to
perform such a big task independently. The transport associations are under the control of the
Municipalities operating them in Hungary and in many cases the available financial possibilities limit
the development of the transport relations and time table, otherwise justified by the professional
viewpoints. They can reduce those expenses mainly by ceasing or amalgamating the lines, but they
shall keep in view the directives of the public services related to the passenger transport.

In itself there is proper target-software for the design of the networks, the common criteria of which are
that

e they expect precise input data in order to achieve good results
e they demand high expertise
e they are very expensive product.

It shall be mentioned among the general requirements set against the network that on one hand this
shall correspond to the passenger flows, the change shall be assured for the majority of the
passengers and on the other hand it shall ensure the proper exploitation of the of the transport means
and the economic operation.

The streamlined methods are based on exact passenger flow data and the network will be developed
through a calculation method. It occurs frequently in the praxis that the designer of the transport
network has no precise data for the passenger flow — since the acquisition of them is a very labour
intensive and expensive process — and therefore the traditional methods are used very often (e.g.
planning on the basis of the town-structure) with the aid of which a good result can be achieved
particularly in the smaller towns.

MORYNE - 027041
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The more simple town-structure under the relatively few traffic generating and attracting
establishments the rational line-network can be found more easily. In the greater towns more
advanced methods are required for the appropriate result.

An automated — based on the measurement of the pressure — system assuring the accomplishment of
the passenger counting tasks has been developed.

Three institutions have participated in the development of the system:

e Zoltan Bay Applied Research Foundation, Logistics and Manufacturing Engineering Institute,
Mechatronic division,

e Knorr-Bremse Transport exclusive joint stock company,

e Urban Transport exclusive joint stock company of Miskolc.

The task of the development was the elaboration of a system, that using GPS technology followed the
services, and on the basis of the data measured at the stops determined for each section
automatically the passenger load of the buses. After the automatic storage and downloading of the
data measured various statistical data can be calculated with the aid of software developed by the
company related to the services concerned. The great quantity of data is suitable for the determination
of the average journey time of the services, even for different time periods as well. The examination of
the passengers' claims will be also more simple, since it can be followed on the level of the service
concerned, the buses are to be found in the time given or have arrived to the stop concerned and at
what time they have started from the stop. The great quantity of data is suitable further for the
calculation of reference data periodically, which is particularly appropriate for the support of the time
table planning. We store all the important data of the whole line network (GPS co-ordinates of the
stops, length of each section, time table at the daily level, etc.), which will be used together with the
data measured and so we can measure all the parameters for the point of time, and so we can
measure the average speed related to the individual sections — and even to the whole line-length as
well — belonging to the given moment in addition to the dwelling place. Out of these data further
conclusions can be achieved for the traffic circumstances of the town or for the traffic relations related
to the periods concerning the individual sections.

The tools for the service planning

The flexible transport system, differently from the traditional public transport, cannot be or only can be
planned in the rough. The services depend always on the actual ordering both spatially and timely.
Two main viewpoints can be, however, fixed:

— the passengers shall get a suitably flexible service,
— the vehicles shall run as few as possible.

These two conditions are in a strong controversy to each others, but with appropriate compromises
the task can be resolved.

In the flexible transport systems the basis of the operative planning is the combination of the journeys.
Three basic cases of the combination of journeys are possible:

- separated journeys (there is no combination at all)
- chained journeys
- superimposed journeys

The essence of the flexible public transport systems is that the vehicles are running on a flexible route
and/or according to a flexible schedule, in other words the system is flexible and not the user.
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Accordingly the traffic control of the vehicle, as well as the organisation of the services and the time-
table form a composite task different from the traditional public transport, which demands
extraordinarily dynamic (even on-line) data as well. The operation of the flexible collective transport
systems and the design of their operation require therefore the use of a computer aided background
and the utilisation of streamlined vehicle following systems.

The flexible transport systems are running differently from the traditional public transportation from day
to day in accordance with newer and newer service-plans, and therefore the basis for a successful
flexible transport system is the well operated service designing activity.

This assumes that the system is operated with a well elaborated communication background or collect
the travelling demands with a well built up dispatcher-software. If the two pillars of the system are
good and the basic structure of the service corresponds to the local demands, then the flexible
transport system will be expectedly able to serve the arising travelling demand on the long run as well.

The experiences gathered with the rationalised public transport network at the Urban
Transport Exclusive joint stock company of Miskolc

The General Assembly of Miskolc’s Municipality decided on the 30"™ November 2006 about the
introduction of the rationalised network and about the modification of the public service contract
concluded with the Urban Transport Exclusive joint stock company of Miskolc operating the transport
network.

The introduction of the new public transport network was established on the 1° January 2007. The
specialists of the company are observing continuously the functioning of the new network, where the
establishment only smaller refinements have become necessary.

The antecedents of the elaboration of the rationalised network

The data of the passenger counting, the survey of the target traffic and ticket utilisation habits have
served jointly for the basis of the elaboration of the details related to the details of the new transport
structure, which have been used by the specialists of the transportation.

Professional and economic arguments have made the reorganisation of the transport. The transport
network that was operated before the 1** January 2007 was designed for an essentially greater town,
with a number of inhabitants of 220,000 persons. The population of Miskolc is 173.000 persons at
present and the average exploitation level of the transport system was 29 %. The Urban Transport
Exclusive joint stock company of Miskolc could not maintain the former network, since on hand the per
capita capacity issued by our company (specific passenger seat capacity km performance) and on the
other hand the prices of the tickets and abonement were the lowest in Miskolc.

The main steps of the preparatory works done during the elaboration of the network were the
following:

April 2003: passenger counting for the target traffic in Miskolc and on its surround

2004-2005: The development of the air-spring pressure based passenger counting system

January 2006: The start with the preparation of the rationalisation of the network.

January-April 2006: Passenger counting and the development of an evaluation system.

April-dune 2006: Carrying out passenger counting on the whole bus network.

April 2006: Taking of an adviser into the accomplishment of the network rationalisation task on the 23
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May 2006: Survey of the ticket and abonnement habits.
August 2006: Evaluation of optimised network proposals, development of a network proposal.
14, 23-24 September 2006: Checking passenger counting on tramway

October 2006: Determination of time table data, traffic engineering possibilities, going to the service
lines, determination of changing demands.

November 2005: conciliation with the leader of the Division for Building, Environmental Protection and
Settlement Development of the Urban Municipality of Miskolc, on the effect of which we have modified
our proposal.

November 2006: Elaboration of time tables.

The introduction of the rationalised network

In connection with the introduction of the rationalised network the main elements of the communication
campaign for the information of the population, the representative of the municipality, and the civil
organisations are as follows:

The specialists of our association have presented the main causes, ground principles of the network
and the more important changes for the population.

They have informed continuously the affected persons using newspaper articles press information and
PR announcements.

Information was given in addition to this on the vehicles, at bus stops and through direct mails.
Concerning the above described changes they have given information on our home page, or leaflets,
as well as with the aid of additional pages of the time table and new time table.

In connection with the introduction of the rationalised line-network the number of observations from the
side of the customers has increased to a great extent. Whilst previously the number of the passenger
claims was 240 observations quarterly, we could count with 815 observations in the first quarter of the
year.

It is essential to emphasise that an important part of the 707 observations connected with the
rationalisation, that have come to our association has general character, in which we were asked to
reestablishment of the whole previous transport network or of that some services by our passengers.
We could not satisfy those proposals and requests, since the fulfilment of those requirements would
have caused an important plus burden for the association and so for the Urban Municipality of the
county right town of Miskolc. The number of those observations in which the modification of the
concrete starting time was required by our passengers was equal to 120. The special problems having
such character we have resolved according to our possibilities.
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The development of the traffic performances

The expected transport performances are fixed at yearly level by the Public Service Contract (KSZ)
and at monthly level by the business plan. The KSZ prescribes the fulfiiment of the yearly plan for 98-
102 %. On the basis of the following data it can be said that our association has fulfilled the expected
seat-kilometre plan.

The transport performance of the association during the period between the 1. and 12. months of 2007
were 1.375 million seat-kilometres in accordance with the public service contract and with this value
the requirement fixed in the contract were satisfied at a level of 98.5 %.

During this period 125.53 million passengers were transported and this value deviated from the
planned one with 3.5 %, while from the basis with less than 7.1 %. The 427.28 million passenger
kilometres showed 3.6 % less value than the planned value.

The passenger-loss to be experienced in the public transportation was not only in Miskolc
characteristic, but in other greater towns of the country as well. Whilst the other greater towns
(Debrecen, Szeged, Gy6r, Pécs) have increased or even decreased only to a smaller extent their
service performances, then our association made a diminution of 16 % in the seat-kilometre
performances. The rationalisation of the capacities issued was therefore necessary, since on the
contrary the loss of our association would have achieved the 1.1 billion HUF.

On the other hand the decrease in the number of passengers calculated with the aid of statistical
methods was the smallest in Miskolc (on the basis of the data of the Volan Union).

Results

In relation to the changes made at our association — in two steps, altogether 38 % tariff-increase and
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the introduction of the rationalised network — the following results were achieved:

The revenue of the passenger transport was with 15.4 % higher than that of the basis, which meant an
increase of 401 million HUF. The total revenue of the association was 6.402 million HUF, which is with
58 million HUF higher than that of the year 2006.

The total expenditure was 6.434 million HUF, which was with 436 million HUF lesser than the
expenditures of the basis period. The exploitation level of the capacities has increased from 28.2 % to
31.3 % at the buses and from 29.9 % to 30.4 % at the tramways.

Taking the national tendencies and the passenger-losses experienced at the other transport firms into
consideration, it was probable that the revenues of our association would have decreased further as a
consequence of the passenger-losses in the case as well, if the transformation of the network had not
been accomplished.

Together with the maintenance of the previous network the costs calculated on the real value would
have remained at the level of he year 2006.

The loss of our association without the rationalisation of the network and the augmentation of the tariff
would have been equal to 1.1 billion HUF by the end of 2007, but we had a loss of only 31.63 million
HUF booked during this period in relation to this value.

Sensors for temperature and road condition measurements were not it usage at the transport
company. Their application could induce accident reduction and better organised transport with less
traffic jams.

The Budapest Transport Company carried out also passenger counting measuring the air spring
loading at busses and trolley busses converting it into electronic impulses. The data were applied for
the traffic management.

4 Conclusion

The environmental and social impacts of the usage of road and vehicle sensor network were analysed
in this study. The sensor supported traffic management system can define the optimal number of
operating busses, reduce the air pollution and gas emission.

The level of public transport can be improved so it will attract more drivers to use the busses which
results less congestion and accidents as well the health of the citizens will be protected more.

Bus drivers can be informed in time about road bottlenecks, bad weather conditions, skidding road
surfaces. The interactive communication between bus drivers and traffic centres enables to diminish
the potential risks of passenger transport. The public transport efficiency and safety can be increased
by reducing the driving risks through adjustment of external conditions; the traffic fluidity will be
improved through the real-time knowledge of the traffic situation and of current blocked ways in the
city.

Considerable results can be gained in cities and metropolitan areas with a population of a million or
above, however in smaller cities can be introduced the management system partly in an effective way.
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