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Development and Application of a
Neuro-Fuzzy-Based Modeling for Transport Modal
Choice toward the Improvement of Urban Mobility
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The development of adequate transportation systems is amongst the most important issues for plan-
ners of contemporary urban areas in both developed and developing nations. This importance becomes
clear when considering that people need to move so as to participate in daily activities and to access
goods, which are spatially distributed. Consequently, transportation systems influence strongly the
social and economical development of a region. Moreover, the solution of common problems faced by
the population of several cities, such as traffic accidents, congestion, pollution, and inefficient trans-
portation services, depends on designing and planning adequate transportation plans. Furthermore,
these plans have to be sustainable throughout cities, regions, and nations toward attending the strategic
viewpoint of the modern society. Accordingly, the challenge of improving urban mobility patterns
relies on developing efficient transportation systems.

The clear understanding of the demand for the transportation services, i. e. travel demand analysis,
is the starting point for developing appropriate transportation plans. However, it has to be highlighted
that people’ movements in urban centers have increased and have become more complex over the years
as a result of factors such as the contemporary trend of shifting from agricultural to urban centers’
development, and the economical decentralization of urban spaces. As a consequence, travel demand
analysis studies urge the use of efficient models that have the ability of accurately representing the
current complicated travel behavior patterns. Furthermore, these models have to be flexible so as
to adapt to the changing aspects of the urban transportation. Thus, the present research focuses on
developing a model to estimate and to forecast transport modal choices in order to assist transportation
planners during the development of transportation studies. The model called Neuro-Fuzzy Multinomial
Logit (NFMNL) model is based on the combination of the efficient Multinomial Logit (MNL) model
with the flexible and adaptive Neuro-Fuzzy Inference Systems.

As a requirement for the model development, a comprehensive study on modal choice behavior and
the factors affecting those choices was undertaken during the initial stage of this research. From this

behavioral analysis, it was possible to understand which features of the trip, the transportation system,
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and the trip maker, as well as their interactions, have strong influence on transport modal choices.
Furthermore, the study investigated transport modal preferences during different periods of the year so
as to provide information on travel patterns’ variations under the influence of environmental condition
changes, which has rarely been addressed in the transportation literature. The knowledge obtained in
this first stage of the research was fundamental to the NFMNL model development.

During the model development, three major issues were taken into consideration. Firstly, there is
the need of developing alternative methods which can deal adequately with the uncertainties related
to the transport modal choice problem. Traditionally, statistical models have been applied to solve
transportation problems. Even though these models are well able to represent the random aspects
of the transport modal choice problem, they overcome the fact that travelers are mostly subjective
and uncertain in their decision making process. This uncertain behavior should also be represented
by the travel behavior model. In this research, the Fuzzy Logic (FL) approach was suggested to
deal with the subjective human behavior. The FL provided the explicit description of the human
subjectivity in the transport modal choice decision making. This was possible because the FL allowed
the adequate representation of the degree of fuzziness regarding the investigated problem. Secondly,
there is the need of representing non-linear effects of the real-world problems, which are often ignored
in classical approaches. In this research, the Neural Networks (NN) was used to represent non-linear
relations. The NN is well recognized by its capability of representing non-linear relations between
aspects of the investigated problem. Thirdly, there is the need of developing methods that are practical
under the viewpoint of applicability so as to address the strategic viewpoint of transportation planners
toward developing sustainable transportation systems. Under this viewpoint, the basic structure of
the proposed model was based on the structurally simple MNL model, which is well known among
transportation planners and scholars.

The development of a model also requires its validation, and this was carefully addressed in this re-
search. Initially, the estimation capability of the NFMNL model was evaluated trough the development
of two case studies. These case studies included cities with distinct social and economical environ-
ments. Then, the transferability capability of the model was verified trough investigating its modal
choice forecasting results. Model transferability results the practical benefit of reducing data collec-
tion and model processing requirements in the application context. Accordingly, it is advantageous
to transportation studies where there is always lack of data and resources. A final approach of this
research attempted to explore the use of Geographical Information Systems (GIS) as a tool for provid-
ing data to be used in the modal choice forecasting process. GIS has become very popular as tool to
support decision making, because of its capability of representing spatial features. GIS data were used
to forecast modal choices by using the NFMNL model, which demonstrated to be a promising field for
future research.

Investigating modal choice in different environmental conditions, developing and validating a hybrid
NFMNL model, and exploring the use of GIS as a data source for modal choice modeling were the
main contributions of this research. From the obtained results and its analysis, it is aimed to contribute
to the development of efficient transportation systems, and consequently to the improvement of urban
mobility.
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