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a b s t r a c t

In order to choose an aircraft to operate a defined set of routes, an airline needs to consider passenger's
interests in addition to its own interests. The goal of the paper is to propose a methodology which will
help choose aircraft type(s) that meets the market conditions and airline's requirements best for known
route network and known forecasted air travel demand by routes. Although this is a multi-criteria
problem, planners usually have to make decisions under uncertainty, incorporating vagueness of hu-
man thinking. Therefore, we proposed the Fuzzy Analytic Hierarchy Process (FAHP) based approach. To
derive crisp priorities from fuzzy pairwise comparison matrices, a logarithmic fuzzy preference pro-
gramming (LFPP) method is employed, as well as an improved LFPP method. With regard to different
criteria that involve quantitative and qualitative aspects, three criteria and ten sub-criteria are selected.
Experts from different airlines and universities responded to an interview, contributing to the design of
pairwise comparison matrices for the criteria and sub-criteria. The regional airline case study is used to
show the applicability of the methodology proposed.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Planners in an airline are repeatedly facedwith different decision
making. Some decisions are easy to make, while others involve
numerous alternatives as well as objectives. Multi-criteria decision
making (MCDM) methods endeavour to help decision makers
choose a satisfactory solution. In order to retain or even to
strengthen the existing position in the constantly changing market,
it is not sufficient to consider traditional single-criterion models
oriented towards cost minimization or profit maximization. Nowa-
days, airlines need to consider both passengers' and its own interests
and also, to satisfy different operational requirements. They are
forced to improve their level of service which can be understood
differently, depending on the perspective. From the passengers'
point of view, level of service could involve an appropriate offer in
terms of high frequencies, desired time of operations, attractive and
comfortable aircraft. An aircraft with low operating costs which can
be ordered under favourable payment conditions, placed on the fleet
at the right time, and which will operate highly loaded is desired
from an airline's point of view. It is necessary to consider many
different factors, such as aircraft economies, commonality, aircraft

performances, finance, market evaluation, etc. Some of these aspects
are quantitatively expressed, while the others are described quali-
tatively. In order to harmonize these often conflicting aspects aswell
as to harmonize air travel demand and its capacity, an airline needs
to adopt an appropriate methodological approach for fleet selection
process that reflects its policy.

The main objective of this paper is to propose a new method-
ology for aircraft type selection problem. Bearing in mind that this
problem is the inherent multi-criteria decision making, we propose
the Fuzzy Analytic Hierarchy Process (FAHP) as an effective solu-
tion. This method has found significant and successful applications
in different fields, which has motivated the authors to employ it to
help airline planners when choosing appropriate aircraft type. Also,
the choice of MCDM method that will be applied sometimes is
determined on the basis of the data availability. Precisely, some
techniques require the specific data; some of them need pairwise
comparison of the data, while FAHP can use imprecise pairwise
comparisons. Although airline planners in charge of fleet planning
usually cannot precisely express criteria importance over each
other and have to deal with uncertainty, there is a possibility to use
fuzzy numbers. In order to derive crisp priorities from fuzzy pair-
wise comparison matrices, a logarithmic fuzzy preference pro-
gramming (LFPP) method (Wang and Chin, 2011) is used in this
paper, and an improvement of the LFPP is proposed.

The contribution of the paper could be perceived through two
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main issues: the first one is related to the selection criteria used as
model input, which is of crucial importance for decision making
and modelling, while the second one refers to the MCDM tech-
nique. Based on the analysis of the relevant literature, criteria used
in the decision making process of aircraft type selection are iden-
tified. Moreover, the set of the most relevant criteria and sub-
criteria which is necessary, in our opinion, for research like this,
is proposed. Also, the contribution of the paper is the proposed
methodology for a known aircraft type selection problem based on
the one of the newer LFPP methods for the first time, as well as the
improvement of the LFPP.

Besides, the valuable airline experts' knowledge is incorporated
into the methodology through the pairwise comparisons of criteria
proposed. The goal of the paper is to propose a methodology for
selection of aircraft type(s) that meets themarket condition and the
airline's requirements best for a known route network and air
travel demand by routes. Based on the proposed sets of criteria and
sub-criteria (both quantitative and qualitative) and encompassing
airlines' as well as passengers' interests, the aircraft type should be
chosen from the defined set of aircraft.

After the introduction and literature review, the LFPP based
method and FAHP are presented, and improvement of LFPP is
introduced. The appropriate criteria and sub-criteria are proposed
and fuzzy pairwise matrices are created based on experts’ knowl-
edge. The problem of aircraft type selection is solved based on the
regional airline case study. The solution is discussed and followed
by concluding remarks.

2. Literature review

In this section, we will briefly review the relevant literature and
related work.

2.1. Fleet planning and the aircraft type selection problem

In the academic literature, aircraft type selection is considered
in different ways. Bharda (2003) establishes the relationship be-
tween selection of an aircraft and passenger demand and answers
the question: Is it possible to derive the selection of aircraft and
fleet mix for origin and destination pairs based on the passenger
demand on considered destinations? He reveals that passengers,
distance and types of airport hubs can support selection of an
aircraft fairly well. See et al. (2004) apply multi-attribute decision
making based on hypothetical equivalents and inequivalents to
launch a fleet with one type of aircraft (in order to reduce operating
costs) to serve the routes on major cities among Asia Pacific
countries and the United States. Harasani (2006, 2008) presents a
model for aircraft selection in the case of a Saudi Arabia airline
operating on domestic and international routes with the base in
Jeddah (Harasani, 2006) and Madniah (Harasani, 2008). The study
chooses specific aircraft types for consideration on aircraft range
and payload for a given route network. Aircraft efficiency and its
contribution to the net profit of the airline are obtained as a result
from the Excel application created to help planners choose the right
aircraft. A systematic evaluation model to help Air Force Academy
with selection of an optimal training aircraft (from the perspective
of pilot drillmasters and trainees) is proposed by Wang and Chang
(2007). The authors employ a MCDM method to determine the
importance weights of evaluation criteria, and TOPSIS to obtain
performance ratings of feasible alternatives in linguistic terms
described by triangular fuzzy numbers. Yeh and Chang (2009)
introduce a new fuzzy group MCDM approach to the aircraft se-
lection problem faced by Taiwan's domestic airline for its major
routes. Three MCDM methods are used by Sun et al. (2011) to solve
an aircraft concept selection problem for a hypothetical airline

when considering the robustness of the decision. The robustness is
introduced in order to accommodate uncertainties resulting from
changing of fuel price and load factor. The Analytic Network Process
(ANP) is utilized by Ozdemir et al. (2011) in order to choose middle
range, single-aisle aircraft for Turkish Airlines. Gomes et al. (2012)
use the multi-criteria decision aiding method NAIADE (Novel
Approach to Imprecise Assessment and Decision Environments) to
select an aircraft for regional chartering in Brazil. Khoo and Teoh
(2014) consider stochastic demand and propose a new methodol-
ogy to find the optimal solution for fleet management decision
model. Fleet management, according to them, determines the
optimal number of aircraft that an airline needs to keep its level of
service and maximize the profit. Do�zi�c and Kali�c (2015a) propose a
three stage airline fleet planning model. Passenger demand and
distance are used as inputs to the first stage based on the fuzzy logic
system in order to get an approximate fleet mix in terms of aircraft
size (small or medium-size). The outputs are different sets of
routes: one set represents the routes covered by small aircraft and
the other one represent routes covered by medium-size aircraft. By
splitting the set of planned flights into subsets, the problem con-
verts into two independent fleet sizing problems solved by a heu-
ristic algorithm. They extend their research to aircraft type
selection as the last stage and suggest the even swapmethod (Do�zi�c
and Kali�c, 2015a) and AHP (Do�zi�c and Kali�c, 2014) as possible tools
to choose appropriate fleet. Bruno et al. (2015) use the hybrid
approach based on AHP and fuzzy set theory in the final ranking of
alternatives to support aircraft evaluation.

Research papers that apply MCDM methods as well as aspects
that are considered in the process of aircraft type selection are
summarized in Table 1. The authors use different criteria/sub-
criteria to support the appropriate aircraft type selection.
Depending on their educational background, terminology could be
different. Considering criteria/sub-criteria presented in the litera-
ture we propose five aspects (Table 1) that could encompass all
criteria: Technical/Technological, Economic, Passengers' (quality of
service), Environmental and Other aspects. Technical/Technological
aspects involve criteria related to aircraft and airport characteristics,
as well as aircraft performances. These aspects are considered in
each paper that treats aircraft type selection. Economic aspects
include all criteria that are measured in monetary units. In most
cases, these aspects are related to different categories of costs, and
also are very often used. Passengers’ aspects refer to the quality of
service and could comprise of various criteria important for pas-
sengers. Environmental aspects are becoming more popular in
recent years due to the fact that pollution is a serious problem for
the humanity. Therefore, environmental protection forces aircraft
manufacturers to produce a new generation of aircraft that are fuel
efficient, with low level of emissions and noise. Accordingly, it is not
surprising that small number of researchers consider environ-
mental aspects. Criteria that could not be considered from the
previous four aspects are assigned to the Other aspects.

It also should be mentioned that a wide variety of problems in
aviation are recently solved by using MCDM methods. Researcher
employed different MCDM methods to find the optimal freight
bundling configurations (Rezaei et al., 2017), to select airline service
quality improvement criteria (Chen, 2016), to enable airlines to
identify human errors and select an intervention strategy (Chen
et al., 2017), to mitigate airport congestion (Bongo and Ocampo,
2017), to select a new routes between specific regions (Deveci
et al., 2017).

2.2. The Fuzzy Analytic Hierarchy Process (FAHP) application

The Analytic Hierarchy Process (AHP) introduced and developed
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