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I. Antecedents and objects of the research

„Our objects are the solution and the balancing between the advantage and the harmful
effects of transport. Other words how can we solve the growing mobility demand take into
account the sustainable development” can be read on the homepage of the Ministry of
Economy and Transport. It is clear only from this sentence that the problems of transport can
be solved only with long term plans. To consider this idea is born the Hungarian Transport
Policy which hold up the development of public transport among the main priorities:

- „In the passenger transport, preference of the public transport against the private
transport, promotion of the bicycle traffic, increasing of the safety and convenience of
the pedestrian traffic.”

Beyond these the public transport stand appraised among the emphasized short terms
priorities of the Hungarian Transport Policy:

- „Providing a modern and high quality local and interurban public passenger
transport, as a first step, implementation of a new common prepaid cart system
providing access to all transport companies in Budapest and its attraction zone
(Budapest Transport Association).”

These Hungarian objects hang together with the European Transport Policy where appears on
the one hand the better utilization of the present public transport systems:
„In response to the general deterioration in the quality of life of European citizens suffering
from growing congestion in towns and cities, in line with the subsidiary principle the
Commission proposes to place the emphasis on exchanges of good practice aiming at making
better use of public transport and existing infrastructure.”
On the other hand the object is to improve the competitiveness of the public transport:
„We therefore need to make the alternatives to the car more attractive in terms of both
infrastructure (metro lines — trams — cycle tracks — priority lanes for public transport) and
service (quality of service, information given to users). Public transport needs to achieve
levels of comfort, quality and speed that come up to people’s expectations.”
From all these is outlined that already the Hungarian and the European Transport policy take
care public transport and calculate upon it as one of the best solutions to solve the problems of
urban transport. As part of these solutions it is important to have an optimal modal-split.
Public transport has against private transport among others following advantages:

- Less specific environmental pollution
o Air pollution
o Noise pollution

- Less specific space request
o On the road
o Parking lot

- More transport safety
- Less specific energy consumption

Because of all these is it important to have a well working public transport system which is
suitable to the applied transport policy. To plan such a high quality public transport system
needs accuracy and reliable forecasting tools. The key of a public transport planning model as
well as in general the key of the planning of a public transport system is the correct
forecasting of the probable number of passengers. It means the correct calculation of the
planning step assignment.
It indicative the importance of the topic that already at the middle of the last century several
Hungarian researcher used to deal with the questions of public transport planning. Stand pre-
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eminent among the others two departments of the Budapest University of Technology and
Economics namely the Department of Transport Operation and the Department of Transport
Economics. At the Department of Transport Operation there is research about the time-space
processes of a traffic flow, while at the Department of Transport Economics is one of the
main topics the economical side of public transport. Further important research groups are at
the Department for Transport at the Széchenyi István University (in the past College for
Transport and Telecommunication), at Transman Ltd, at Közlekedés Ltd, at Főmterv and at
UVATERV. In these research groups there are famous results thanks to there leaders and
researchers like: dr. Éva Kövesné Gilicze, dr Katalin Tánczos, dr János Monigl, dr András
Bakó, dr. Boldizsár Vásárhelyi and dr. István Prileszky.
Because of these in the focus of my dissertation are the public transport assignment models.
In my dissertation I worked out a brand new public transport assignment model together with
a new matrix conversion method.
Through my research work I reviewed the past achievements of the topic and the theoretical
methods together with the practical models. The review of the practical models is of course
can not be complete. I introduced only those models which are on a convenient level
published. Certain models look maybe too old but it is important to have them to build a full
picture about the topic.
After the assessment analysis of these models I built up my new approach assignment model.
The detailed description of the model is complete with the presentation of an experiment done
on a real public transport network.
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II. Methods of the research

In the first part of my dissertation I worked up the public transport models which are in
practical use and can be found either in the Hungarian or in the international literature. As part
of this I reviewed the past achievements of the topic and the theoretical methods together with
the practical models. The review of the practical models is of course can not be complete. I
introduced only those models which are on a convenient level published. Certain models look
maybe too old but it is important to have them to build a full picture about the topic.

With the analysis of the presented assignment models I explored their failure and their
applicability faults. I summarised and grouped the identificated failures. With the help of this
information I built up a new assignment method.

The new self-developed method is a timetable based, capacity restraint assignment model
based on simulation. The matter of a model based on simulation is that both passenger
demand and transport system (supply) are handled dynamics.

The built up model analyses the question of public transport assignment from a brand new
angle. Therefore I worked out three complementary methods:

- Accuracy description of passenger demand
- Dynamic description of passenger demand
- Timetable based network presentation

With the help of these three methods we can have a dynamic and accuracy picture about the
passenger demand and the public transport system.

The detailed description of the model is complete with the presentation of an experiment done
on a real public transport network. I compared the results of the built up model with the
results of a control system (VISUM) and with the results of a passenger count. Finally the
results of this experiment are summarised and analysed.

The dissertation is finished with the further development possibilities of the model. It can be
divided into two groups:

- Model development
- Development of the use of the model

Model development means the development of the theory of the route choice method and the
reduction of the number of the needed input data.
Development of the use of the model means the development of the computer implementation
of the model to have user-friendly software with which it is easy to give in the needed data
and to get results about the public transport system
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III. New scientific achievements (Thesis)

1. I proved that the public transport assignment models which are in practical use
and can be found either in the Hungarian or in the international literature have
failures and give wrong results in several cases about the analysed public
transport system (Chapter 3)

The main faults of the public transport assignment models are focused on the following four
fields:

- Conformity between passenger demand and transport system (supply)
- Question of transfers
- Handling of capacity restraint
- General failure

The used public transport assignment models solve the conformity between passenger
demand and transport supply barely.
While a public transport system can be reach both time and space limited the analysis of a
public transport system should be explore not only the route of an origin-destination trip but
the time of the trip and the used run of a line. Both the frequency based and the most of the
timetable based assignment methods use average passenger number. It means there is a
comparison between average demand and average supply. This approach has serious failure
because of the written limitation in reach of the system. The numbers of passengers are vary
from run to run therefore to use average numbers gives wrong results.

Most of the used public transport assignment models handle the question of transfers
wrong.
The common frequency based assignment models use average passenger numbers similar to
the origin points at the transfer stops. These numbers are based on the frequency of the single
lines. This calculation using average numbers can give wrong results. That is why frequency
based methods can not follow the aligned timetables. It is true that with the help of some
parameters the given results will be good enough to use it for the planning work on a solid
level.

Most of the used public transport assignment models can not handle correct the capacity
restraints of a public transport system.
The capacity restraint frequency based public transport assignment models can characterize
the capacity of a public transport vehicle only with some resistance function or uncomfortable
function maybe with modification of the waiting time at the origin stop. This approach can
not be accept if the frequency on the network is low or the public transport system works on
its capacity restraint or near to it. This problem looks very similar to the question of the
dynamic demand- dynamic supply but point further. To solve the problem of the capacity
restraint it is not enough to simulate the public transport system on the level of runs, it is
important to model also the demand on personal level passenger by passenger.

The use of a common public transport assignment model can not image the process
running on the public transport system.
The aim of the analysed models is to calculate the numerical results of the planning step
assignment. They can show only the numbers about the studied public transport system.
Therefore they are not able to show the processes running on the public transport system.
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Hence of this these models are only able to control a given public transport system. With this
control we can only rate a given plan.

2. I introduced the concept of the result-based and the process-based assignment
model groups (Chapter 3.4.)

The aim of the analysed models is to calculate the numerical results of the planning step
assignment. They can show only the numbers about the studied public transport system.
Therefore they are not able to show the processes running on the public transport system.
Hence of this these models are only able to control a given public transport system. With this
control we can only rate a given plan. If the models could image not only the numerical
results but the process running on the public transport system, it could be help to:

- Explore the failures in the public transport system
- Give new planning ideas, new alternatives

I divided the public transport assignment models into two groups: result-based and process-
based models. The nowadays used assignment models belong to the group of the result-based
group because they aim is only to produce numerical results about the studied public transport
system.
A model can be process-based if it can produce the common results but as surplus can show
the traffic processes on the public transport system. It means that these models allow to follow
the work of the public transport system in time and space to fulfil the objects (explore the
failures in the public transport system; give new planning ideas, new alternatives).

Process-based analysis is possible by using simulation based assignment methods. The use
such a method makes possible to have results similar to the common numerical results but
more detailed and more accuracy other way it makes possible to follow the processes on the
public transport network.

3. I worked out a process-based timetable-based capacity restraint simulation-based
public transport assignment model (Chapter 4.2.1.)

The suggested new method is a process-based timetable-based capacity restraint simulation-
based public transport assignment model. The main point of the method is that all the
passengers and all the vehicles are discrete elements of the model. The method plays back the
processes running on the public transport system similar to the real life. This kind of
simulation of real life looks not resource effective but can describe the real process with high
accuracy.
The big difference to the common models is that at this model not only the numerical results
but the process itself is important. It is possible to follow all the processes running on the
public transport system like a movie. At this model can be follow the passenger flow at a
given stop, or the functionally or disorder of a transfer point.
The method has two main parts:

- Generation of passenger demand
- Dynamic route-choice

The model is working like shown at figure 1.
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Figure 1. Working process of the new suggested public transport assignment model

The main point of the work of the model is that the two main parts are working separate but
not independently, they have a time phasing.
I have made an experiment with the finished model. I tested it on a real public transport
network. I used to this experiment the public transport network of the city Győr from the year
1997. Through the experiment I compared the results of the model with the results of a control
system (VISUM) and with the results of the passenger count. Finally the results of this
experiment are summarised and analysed. The results showed that the new model is good
enough to use in practice. It produced 8 better results out of 10 against the control system.

4. I worked out a matrix conversion method which is able to handle the close
connection between desired departure time trips and timing of the public
transport system (Chapter 4.2.1.)

In the morning peak time most of the trips are desired departure time trips (DDT trips) which
has a close connection to the timing of the public transport system. Therefore the O-D matrix
has also a close connection to the timing of the public transport system. If we want to show
accuracy passenger demand we need to describe this close connection between desired
departure time trips and timing of the public transport system. The common O-D matrices are
not able to describe it. To describe this close connection means to correct the O-D matrices to
have the needed information.
It follows that a present O-D matrix is not able to analyse new, planned public transport
system. Therefore it is needed to correct the present O-D matrix to be able to analyse a new,
planned public transport system. To do this I worked out a matrix conversion method.
The matrix conversion method has two steps. Through the first step we convert the observed
passenger demand which is stored in the observed O-D matrix to real passenger demand. In
the second step we convert this real passenger demand considered the planned public
transport system to appeared passenger demand which will load the planned public transport
system.

Input data Steps of the assignment method Output data
(Results)

Simulation process

Generation of
passenger demand

Passenger demand
- O-D matrix(s)

Network model
- Stops
- Lines
- Timetable

Route-choice criterions

Dwelling at a stop

Vehicle
movements

Route-choice

Simulation process
- Events on the

network

Results of the assignment
- Passenger numbers
- Occupancies
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In the first step of the method we turn an observed trip with TA departure to a real trip with TB
arrival time:

melAB tTT ,+=
where: tel, m is the journey time at the time point of the passenger count

In the second step this theoretical arrival time TB will be transferred to T’A theoretical
departure time:

'
,

'
melBA tTT −=

where: t’el, m is the journey time at the time point of the analysis

With this new T’A we will have a more accuracy picture about the passenger demand, with
which we can do a more reliable assessment about a public transport system.

5. I worked out a new representation of the demand and supply side of a public
transport system (Chapter 4.2.2. and 4.2.3.)

The dynamic representation of a public transport system requires that both passenger demand
and public transport system (supply) will be dynamic represented.

I developed a new matrix representation which is able to show the dynamics of the passenger
demands.
One of the base requirements of the new assignment model is to have an accuracy dynamic O-
D matrix. I worked out a matrix representation which can show the passenger demands in
time and on the level of the different users.

Figure 2. In time vary (dynamic) matrix representation

This representation is several chains of O-D matrices. There is a main chain in which there is
a general passenger demand appears on the public transport network. The temporary
passenger demands of a given special user group will stored in another chain which is parallel
to the main chain. There is the possibility to have a second or a third complementary matrix
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chain. Such a special user group can be the pupils the students or the industrial shift workers.
It is not necessary to be continual this complementary matrix chains. Only the main chain
should be continual through the whole day.

The public transport system, as the supply side will be represented in a three dimension (x,y,t)
space defined graph.
The public transport system (network and the line system with timetable) is represented in a
time-space system. In this representation each stop with an x,y coordinates are permanent
time axles at the given x,y point.

The runs of the lines are links in time
and space between these time axles
representing the stops. The start of a
passenger’s trip will therefore begin
at a given t0 point on the time axle of
the origin stop. The end of a trip will
be a t point at the time axle of the
destination stop. After these the
shortest path search can be described
as follow: We are looking for a route
U on the graph G defined in time and
space from a given point represented
with x0, y0, t0 to a given time axle
represented with x1, y1. Aim of the route search is to have a route which t1 at x1, y1 is the least.

Figure 3. Public transport representation in time and space

A possible route on this time-space system shows figure 4.

Figure 4. A possible route on the time-space graph
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IV. Utilization of the new scientific achievements

The achievements of the dissertation can be use on three major fields:
- Analysis of probable effects of a public transport development
- Support of the aims of the transport policy
- Education

With the help of the new model it is possible to analyse probable effects of a public transport
development or estimate the difference between several development plans. This model is a
new more accuracy tool to help the decision makers to return the optimal verdict.

My method can support the realization of the aims of the transport policy like preferring
public transport or develop public transport systems. These are not only a Hungarian aim but
also target of the European transport policy.
The third field of the utilization is the education. With the help of this model it is possible to
show how a transport planning work is running.

The new model which is the result of the dissertation can give a more accuracy picture about a
given public transport system than the common models; can show the efficiency of a studied
network. It is also able to forecast the possible effects of a planned change or development
like shown on the done experiment. Therefore the model is able to use in practice at real
public transport systems.
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