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Introduction

Actuality of the Research Area

Traffic flow is one of the essential elements of our age; therefore the
handling of the passenger and goods delivery needs is a fundamental task.
Transportation plays important role in both individual life and economy. The
problems of traffic, including jams, congestion, accidents have high impact on our
lives. All these reasons increase the demand for the development of transportation,
and its design by up to date tools. (EU Transportation policy 2001-10 “White
Book”. Hungarian Transportation policy 2003—15, NFT2.) There has been major
growth in traffic needs in the last decades. As a result, the infrastructure capacity
problems have increased in spite of the fact that the development of infrastructure
is also continuous. The presence of the problem is conspicuous in urban traffic,
where capacity increasing is almost impossible. As a consequence, the role of traffic
management is dominant.

Research Methodology and Objective
There are many uses of the answers of transportation problems. The main

three application areas are the following: [Kach99]

1. Transportation Planning: Determination of needs, Trip time estimation,
route planning, traffic assighment, determination of control modes; to
determine the impact and effects of new infrastructural changes.

2. Simulation: Usable for the comparison of existing transportation control
strategies (and many more). Able to analyze the effects of planning. Needs
proper “origin-destination” data.

3. Real-time control of traffic: The control of real world traffic, using the
real-time data and behavior of the traffic at a given area.

My PhD Thesis deals with the modeling and simulation of the transportation
process, but does not discuss the empirical and analytical approaches. The
approach possibilities of such problem are best summarized by Papageorgiou
[Papa98] and after him, the transportation system models can be classified by the
following criteria:

® The representation of the independent variables (continuous, discrete, semi-
discrete);

® Model detail (submicroscopic, microscopic, mesoscopic, macroscopic);
® Representation of processes (deterministic, stochastic);
® Operation (analytic, simulation);

® Application detail (network, nodes, etc.).
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During the investigation of the modeling problem, the simulation can take

many forms, and has many applications. The reason for this is that the questions to
be examined can be various. But there are some widely adopted fundamental steps
[Vasa85, Lieb97]:

1.

Problem definition: The determination of modeling objectives considering
the expected results.

The decomposition of the examined system: The inquiry of the system
elements, and their dependencies. The determination of the required system
inputs.

3. Model development: Mathematical and computer model elaboration.

Model calibration: Data collection and building into the model, for higher
model efficiency.

Verification: The examination of the model with the goal to determine, if
the computer model corresponds to the mathematical model. This
examination could be made for the entire model, or model parts.

Validation: The auditing, that the model (in the expected degree of
tolerance) satisfactorily represents the real system.

Documentation: The automated registration and evaluation of the data
acquired from the simulation, and their proper publication and
interpretation.

During simulation execution the danger emerges, that either from

inattention, or from the inappropriate exploration of the system, the developed
model does not adapts to reality or (in special case) does not work as intended. To
eliminate these dangers, some laws should be respected:

® Only those hypotheses should be accepted, whose effect and scope are made
clear.

e Only those parameters/variables should be used, which are well defined and
represented, and whose relationships to other variants are also cleared.

e Itis not recommended to over-simplify the model, because it should defer from

reality.

e In favor of practical feasibility, model complexity and numerical needs should
be kept within bounds.

In the thesis, the main results and consequences of the research are

implemented, in the following chapters:

® Modeling, where the guiding of microscopic traffic modeling, and the state of
the art models are documented. Also the planning process of a new Fuzzy-
Sugeno based microscopic model is implemented.
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® Data acquisition, the presentation of microscopic data collection by video based
traffic surveillance.

® Identification, where the data processing technique, and the determination of
microscopic model parameters are documented.

® Simulation system build-up. The chapter explains a well-expandable simulation
system for research studies, which implements the Fuzzy model and also some
other microscopic models.

® Sample applications, case studies, where the modularity of the simulation system
is proved through four applications, from which two were supporting external
studies, one deals with the quality investigation of the identified models, and the
last presents a soft-computing solution for traffic parameter estimation.

New Scientific Achievements

I’ve investigated the State-of-the-Art microscopic traffic models, with special
regard to:

® the Nagel-Schreckenberg model-group;

® the Gazis-Herman-Rothery (GHR) model;

® the safe distance and collision avoidance models;
® the Linear (Helly) models;

® the psychophysical, ”Action Point” (AP) models;
® Fuzzy structure based models.

Considering the recommendations of the literature dealing with modeling
and driver psychology, I've described the practical criteria of the Fuzzy type
microscopic following model design:

® The cardinality of Fuzzy sets, as a result:

® The partition tightening of the input parameters,
® The creation of the multi-dimensional partition,
® The “defuzzification” of all state variables, and

® Completeness.

On the basis of these criteria, I've developed a microscopic model:

Thesis 1: I’ve elaborated a two-level, Fuzzy-Sugeno type discrete time
microscopic car-following model. After partitioning the following state
space, a new decision making at the second level determines the system
output, with special regard to individual driver differences.
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Thesis 1 is based on the publications [2, 3].

Fuzzification of the speed is omitted in this model. Instead the
determination of the follower distance expected can take place in a similar way like
in the case of the first model using an additional predictional term dependent on

the difference of speed and the reaction time:

D;oll =v(p,n, + p,)+ psh + p, + AVAT

b

1 Jf dx—D,, <a,
Close : DF, = (b =do Jf a <dx-Dj, <bh,
(bl - al)
0 Jdf  dx=Dj, > b
1 Jf dx-D,, <a,
Farther : DF, = (dx=a,) Jf a, <dx—Dj, <b,
(bz - az)
0 Jif dx—D,,, > b,
1 Jf dv < ¢
Approaching : DV, = (dy = dv) Jf ¢ <dv<d,
(d —c)
0 Jf dv >d,
1 Jf dv<c,
. (dv-c,) .
Leaving : DV, = Jif d,<dv<d,
(dz - Cz)
0 Jif dv >d,

M

2

(3)

Four conditions can be created by four sets that are the intersections of two

sets of different dimensions:

A={A;:ie (4]}

A, (dx,dv) =t( DF,(dx), DV, (dv))
A, (dx,dv) = t( DF,(dx), DV, (dv))
A, (dx,dv) = t( DF, (dx), DV, (dv))
A, (dx,dv) = t( DE, (dx), DV, (dv))

)

By using these sets, the output is given as the result of the following

algorithm:
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A possible acceleration diagram of the composed model is presented in

Figure 1.:
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Figure 1.: Acceleration diagram belonging to 5 m/s of the state divided fuzzy model

Thesis 2 deals with the parameter estimation of microscopic following
models, using real world traffic data. It is important to process the acquired data by:

® Vehicle registration,
® Position smoothing,

® Leading vehicle seeking.

To utilize the obtained data, the structure of the identified model is also

needed. After this, the algorithm uses two main parallel optimum searching
algorithms, from which the first is responsible for the determination of global
model parameters. The search for the optimum in its final form was done by a
unigenous genetic algorithm assisted by a simulated annealing that is:

e Elitist (in 5%);

® Has a real gene-representation;
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® Modifies the fitness value with the function random(T)* of the simulated
annealing;

® Thus realizing the selection with absolute sequencing;
® Applying the mutation in a radius of “random(T)” ;
® Applying a complete recombination;

® Has a constant size of population.

The second algorithm deals with the determination of individual parameters,
represented by the individual parameters of the models. In this case, algorithm
speed is critical, so the seeking process is a gradient search from multiple start

points of the interval [0,1]. The optimum searching algorithm is presented in Figure
2.

Thesis 2: I’ve designed a methodology for the parameter-search of
microscopic car-following models, which is able to determine model-
parameters and individual differences simultaneously, by using real world
microscopic data.

Thesis 2 is based on publications [6, 10, 11].

Inicializalas

Egyed: o Egyed:
Kovetési modell »  Jami .
paraméterei paraméterei

Metédus:
Szimuldlt hiitéses Metédus:

genetikus Gradiens médszer

algoritmus

Altalanos
paraméterek
meghatirozasa

Egyedi paraméterek
meghatarozasa

Figure 2.: Optimum searching

The developed algorithm can be used in the simultaneous determination of
global and individual parameters.
The achievements of the chapter presenting the development of the software
structure are summarized in thesis No. 3. The development aimed the creation of a
simulation system that is able to implement multiple micro-models, and multiple
situations. The environment emphasizes the dynamic class structure and modular
nature. The environment holds:
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® Network definition;

® Participant description;

® Base traffic management objects;
® Vehicle generation;

e Simulation kernel,

® Basic driver decisions.

Beside these functions, a dynamically extendable base-class is implemented
establishing the possibility of implementing new objects or interfaces. The
environment also contains a script language for network definition, and case
studies.

Thesis 3: I’ve designed a structure of a modular, research-centric, road
traffic simulation framework, which is able to simply simulate road traffic
processes, and flexibly expandable.

Thesis 3 is based on publications [2, 3, 4].

The achievements of the chapter documenting the possible uses of the
developed software bring thesis 4 and 5.

The model presented in thesis 1 is optimized in chapter 4 and thesis 2.
However it is necessary to examine the model efficiency. Since model efficiency is
hard to measure by itself, the parameter identification and evaluation of four other
models are also performed. The examined models:

® Gazis-Herman-Rothery (GHR); [Gazi59, Chan58§]

* Gipps (Aimsun); [Gipp81, Bern99, Barc0O4]

® Wiedemann (Vissim); [Wied92, Fell97, Fell01, Fell00]
¢ Simple fuzzy model;

® Fuzzy State model.

The model evaluation has been made from two points of view. Under
microscopic study, the stability of the models (stable with stationer flow) were
examined on a road section, with dynamically changing traffic flow. During this,
the critical closing, and the number of collisions were recorded. Under macroscopic
examination with the same simulation scenario, the comparison of the model
macro-data and a reference model has been made. The efficiency of the model of
thesis 1 is presented in Figure 3. and 4.:
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Figure 3: Evaluation of the microscopic and macroscopic attributes of the Fuzzy model
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Figure 4.: The difference diagrams of the Fuzzy model and the acceleration field of direction at 5
m/s

Thesis 4: I’ve created a methodology for the evaluation of microscopic car-
following models. By using this methodology, I’ve evaluated the model
presented in thesis 1, and optimized by thesis 2, comparing with other
classical models.
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Thesis 4 is based on publications [11, 12].

One of the main advantages of a modular simulation, that by it, the testing
of situations under planning process is easy, and the evaluation of situations not
producible in real life (such as accidents, and congestion after accidents) is also
feasible. For the recognition and management of such situations, the development
of system able to handle these cases is necessary to improve the safety and capacity
of road traffic flow. One of these possibilities is incident detection, having
extended literature. A possible solution for this task is provided in thesis 5, through
traffic flow estimation:

Thesis 5: By using adaptive Fuzzy-Sugeno-type macroscopic model, I’ve
developed an algorithm for highway traffic parameter estimation.

Thesis 5 is based on publications [1, 2].

The algorithm is capable of the traffic flow estimation of one or more
connected highway sections bounded by cross section measurement instruments,
through density estimation. Therefore by comparing the incoming and outgoing car
amounts as real data with the estimated data, it is able to determine if there is any
anomaly on the section.

The main point of the algorithm that by using the incoming flow as input, it
utilizes a macroscopic Sugeno type model for calculating the average time spent on
the section, thus determining the load of the given section. For this task, any
classical macroscopic model should be applicable, but the changes of real world
parameters (meteorological, seasonal, road surface quality, visibility) indicate
different traffic behavior from time to time. In compliance with it, it is necessary to
use a model with adaptive nature to follow these changes. For that purpose, a
micro-population genetic algorithm is implemented. The low number of entities in
the population makes the algorithm able to work real-time. The optimum searching
can be made individually for each section, or for all sections at the same process.

Practical Uses of the New Scientific Achievements

My PhD thesis deals with the modeling and simulation of road traffic, its
structure and content summarizes my main researches in the area. The aim of the
research was to develop applicable, implementable, feasible, real-time capable
algorithms, procedures and structures without exception, therefore for all cases, the
computational realization was also made. Within this framework, I've developed
applications for:

® Video based traffic surveillance;
® Data processing, and model parameter determination;

e Simulation of road traffic able to:

o Model efficiency evaluation;
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o Communication with other applications;
o Highway state estimation.

The functionality of the softwares proves the proper working of the
developed structures, with the additional advantage that their computational speed
matches with the other algorithms.

The research of the area at this state cannot be considered to be finished.
The research area is reckoned as highlighted subject, since the development of
intelligent transportation systems is a contribution to the answer to the growing
transportation needs. In this, the rapid development communication and
information technology renders help, enabling the development of more and more
complex real time systems.
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