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a b s t r a c t
This paper proposes the Fuzzy Logic Model for Location Decisions of Taxicab Stands (FMOTS), which is a
decision support system for decision makers, who wish to alleviate taxicab stand complexity in the short
to medium term. In this study, an integrated model of GIS and fuzzy logic for taxicab stand location decision is built. The location decisions of taxicab stands in Ankara (Turkey), where organizational problems
of taxicab stands slow down a better quality of service, have been examined by this integrated model and
their appropriateness has also been evaluated according to the selected parameters.
Ó 2009 Elsevier Ltd. All rights reserved.

1. Introduction
In this paper, a decision support system for taxicab stands that
can be used in any metropolitan area or municipality is presented.
Taxi, which has been worldwide used since the 19th century, is an
indispensable component of urban transport. Compared to other
modes of transport, taxi has a relative advantage with the comfort
and convenience that it provides 24 h a day to its users. However, it
is criticized because of its low occupancy rates and trafﬁc burden it
loads on urban streets.
Taxicab stands offer a viable service by providing an identiﬁable, orderly, efﬁcient, and quick means to secure a taxi that beneﬁts both drivers and passengers (Giuliani, Rose, & Weinshall,
2001). Stands are normally located at high-trafﬁc locations such
as airports, hotel driveways, railway stations, subway stations,
bus depots, shopping centers and major street intersections, where
large number of passengers are likely to be found. The choice of
location for taxicab stands depends only on legal permissions.
From the legal authorities’ side, there is no evidence of taking some
scientiﬁc criteria into account while giving the permission. The
entrepreneurs willing to manage a taxicab stand have limitless
opportunities to select any point on urban land. These free market
conditions cause debates on location choices of taxicab stands.
This study appeared as a response to the demands of the Municipality and the taxi association in Ankara (Turkey). Until that study,
neither a tabular database nor geo-referenced data on taxis and
taxicab stands were present. This paper attempts to create a scien* Corresponding author. Fax: +90 312 2323226.
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tiﬁc basis for decision makers to evaluate the location choices of
taxicab stands in major cities with the help of GIS and fuzzy logic.
The study is focused on both issues: how well the existing taxicab
stands are located and where the most appropriate places for the
incoming demand should be.
In some cities, taxi companies operate independently and in
some other cities, the activity of taxi ﬂeets is monitored and controlled by a central ofﬁce, which provides dispatching, accounting,
and human resources services to one or more taxi companies. In
both systems, the optimum organization of taxi companies on urban space is a problem. The taxi company in the system should
provide the best service to the customer, which includes reliability
and minimum waiting time.
As private entrepreneurs, taxi companies tend to locate in some
certain parts of the city, where they believe they can ﬁnd more passengers. The decision makers, on the other hand, should ﬁnd an
optimum between taxi companies’ demands and the city’s real
needs. They would rather improve the effectiveness of taxicab
stands as a tool to reduce congestion, while improving convenience
for passengers and taxi drivers.
There are two major obstacles confronting the decision makers,
who try to evaluate location choices of taxi companies: The ﬁrst is
about the scale of the analyzed area. Taxicab stands are the problem of major cities and managing data in this scale requires speciﬁc
methods. In this study, GIS based service area analyses helped to
deﬁne the area, which can be accessed from taxicab stands within
a psychologically accepted time limit (and critical areas that are
out of service range). In such a complex metropolitan city, this
analysis could only be realized by service area analysis.
The second problem of the decision makers is the lack of a
certain measure for this speciﬁc decision. An alternative way of
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thinking, which allows modeling complex systems using a higher
level of abstraction originating from our knowledge and experience, is necessary. Fuzzy logic is an organized and mathematical
method of handling inherently imprecise concepts. It has proven
to be an excellent choice for many control system applications since
it mimics human control logic. It uses an imprecise but very descriptive language to deal with input data more like a human operator.
In this study, an integrated model of GIS and fuzzy logic for taxicab stand location decision is built. GIS were used for generating
some of the major inputs for the fuzzy logic model. The location
decisions of taxicab stands in Ankara, where organizational problems of taxicab stands slow down a better quality of service, have
been examined by this integrated model and their appropriateness
has also been evaluated according to the selected parameters. With
the fuzzy logic application, evaluation of the existing taxicab
stands is done and decision for new taxicab stands is given. The
equations are obtained by artiﬁcial neural network (ANN) approach to predict the number of taxicab stands in each trafﬁc zone.
In the next section, background information for the tools used
(the integration of GIS and fuzzy logic) is provided. It is followed
by the introduction of a decision support system, the Fuzzy Logic
Model for Location Decisions of Taxicab Stands (FMOTS), which
was developed in this study, with a case study in Ankara. The paper
closes with conclusions.

2. Incorporating fuzzy logic into GIS operations
Deﬁning service areas is an important geographical application
(Upchurch, Kuby, Zoldak, & Barranda, 2004) and with use of GIS,
some studies have been performed. The service area analysis of
transit services by GIS has been performed in O’Neill (1995) and
Horner and Murray (2004)’s researches. In O’Neill’s (1995) study,
by deﬁning a transit route’s service area, walking distance and travel time were used as acceptable limits for transit users. Another
study with GIS was performed (Walsh, Page, & Gesler, 1997) for
exploring a variety of healthcare scenarios, where changes in the
supply, demand, and impedance parameters were examined within a spatial context. They used network analysis for modeling location/allocation to optimize travel time and integrated measures of
supply, demand, and impedance.
Fuzzy systems, describe the relationship between the inputs
and the output of a system using a set of fuzzy IF-THEN set theory
(Zadeh, 1965). The classical theory of crisp sets can describe only
the membership or non-membership of an item to a set. Fuzzy logic, on the other hand, is based on the theory of fuzzy sets, which
relates to classes of objects with unsharp boundaries, in which
membership is matter of degree. In this approach, the classical notion of binary membership in a set has been modiﬁed to include
partial membership ranging between 0 and 1.
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Fig. 1. The design of the decision support system.

