
Pandit, Partha Kumar; Akhtar Hasin, M. Ahsan

Conference Paper

Business model of aircraft fleet planning using ANN

Provided in Cooperation with:
Hamburg University of Technology (TUHH), Institute of Business Logistics and General
Management

Suggested Citation: Pandit, Partha Kumar; Akhtar Hasin, M. Ahsan (2018) : Business model
of aircraft fleet planning using ANN, In: Kersten, Wolfgang Blecker, Thorsten Ringle, Christian
M. (Ed.): The Road to a Digitalized Supply Chain Management: Smart and Digital Solutions for
Supply Chain Management. Proceedings of the Hamburg International Conference of Logistics
(HICL), Vol. 25, ISBN 978-3-7467-6535-8, epubli GmbH, Berlin, pp. 221-247,
https://doi.org/10.15480/882.1827

This Version is available at:
https://hdl.handle.net/10419/209351

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

  https://creativecommons.org/licenses/by-sa/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.15480/882.1827%0A
https://hdl.handle.net/10419/209351
https://creativecommons.org/licenses/by-sa/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/




Business Model of Aircraft Fleet
Planning using ANN

Partha Kumar Pandit1, M. Ahsan Akhtar Hasin2

1 – Bangladesh Airlines Training Center BATC

2 – Bangladesh University of Engineering and Technology

The purpose of Aircraft Fleet Planning is to provide the number and type of air-
craft for acquisition, its time of acquisition, and trade-in or phase out of fleet.
Airlines select a particular type of aircraft from the manufacturer on the basis
of optimum cost, considering a number of constraints. Because of existence of
several conflicting criteria, the solution approach becomes an NP-hard problem.
As such, a traditional linear programming approach cannot optimize the system
in a reasonable time frame. This paper aims at developing amodel for selecting
aircraft using Artificial Neural Networks. Key inputs have been obtained from
themajor areas of aircraft design characteristics, aircraft physical performance,
maintenance needs, operating economics, acquisition cost, operating cost and
customer satisfaction. The input values are fuzzy in nature. However, several
methods for combined use of fuzzy logic systems and neural networks have been
suggested. Experience,which is conventionally used for selectingaparticular type
of aircraft, has been used for training of the proposed network. Single-layer ANN
model provided a good solution with optimality in cost, without sacrificing time
constraint and algorithmic complexity. The airline business will be immensely
benefited from the solution procedure.

Keywords: Aircraft Fleet Planning; ANN; Fuzzy
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Business Model of Aircraft Fleet Planning using ANN

1 Introduction

Aircraft Fleet planning process determines type of aircraft the airline should buy
and their numbers, in order to achieve organizational goals. Corporate planning
deals with the need of the airlines, current resources, corporate objective, pro-
jected industry environment andmarketing strategy. Specific requirement of the
airlines is then identified throughmarketing research and analysis on the basis of
the set company objectives.

Given a flight schedule, which is a set of flight segment with specified departure
and arrival times and a set of aircraft, the fleet assignment problem is to deter-
mine which aircraft type should fly each flight segment (Clark et al., 1996). The
objective is to maximize revenueminus operating cost. In the basic fleet assign-
ment problem considered by Clark et al.(1996) a daily, domestic fleet assignment
problem is modeled and solved with up to eleven fleets and 2500 flight legs.

Satisfied customers usually return back and buy more, they tell other people
about their experiences. Customer Satisfaction is one of the most important
processes in airline industry and is recognized as the key to the success of business
competition. Like any other industry, airlines first measure the expectation of its
passenger, analyzes the consumer behaviour, prepares a customer satisfaction
program to provide a set of standard customer services, identifies the service gap
and tries for continual improvement.

This research considered the issues of aircraft cost and customer satisfaction in
selecting aircraft and developing models integrating these two separate issues
– cost estimation and customer satisfaction. Solution methodologies of Fuzzy
Logic and Artificial Neural Network have been adopted.

1.1 Aircraft Selection Process

Air transportation offers both passenger and freight services that are essential for
economic growth and development. In a highly competitive environment, airline
companies have to control their operating costs bymanaging their flights, aircraft,
and crews effectively.

Fleet assignment involves the optimal allocation of a limited number of fleet types
to flight legs in the schedule subject to various operational constraints (Jacobs
and Johnson, 2008). Airlines typically manage their annual business cycle by
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1 Introduction

subdividing the year into a sequence of scheduling periods that span about a
month each (Ahmad, 2000).

Aircraft selection process is a dynamic function, coordinatedby a number of group
functions including corporate planning. The life cycle starts with the corporate
objective of acquisition of newaircraft in the fleet. The planning life cycle is shown
in Figure 1.

Data acquisition is the next step. Information related to any kind of lease or
purchase of aircraft andmaking comparative statements, relevant information is
required. Then evaluation of data is the logical sequence.

The next step is the purchase negotiation and finally acquisition of the aircraft.
Many sectionsof theairlineswill be involvedwhenaircraft is going for its operation.
Continuous updating/modifying the aircraft will be going on until the aircraft is
disposed off.

 

 

 

 

 

 

 

 

1. Corporate objective 

2. Crafting the requirement 

3. Data Acquisition 

4. Data Evaluation 

5. Negotiation 6. Acquisition 

7. Induction 

8. Configuration update 

9. Disposal  

Figure 1: Fleet planning life cycle
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1.2 Cost Consideration of Airline

In order tomaximize anticipated profit, cost is a vital area for all business. Costing
is also important for pricing of its product. The price of average revenue per
passenger mile must be sufficient to cover average cost per passenger mile flown.
Airline operating cost is categorized in two areas – direct operating cost or variable
costs and indirect operating cost or fixed-overhead costs.

A flight sequence or route is built for each individual aircraft so as to cover each
flight exactly once at a minimum cost while satisfying maintenance requirements.
Finally, in the crew scheduling or pairing optimization problem, a minimum cost
set of crew rotations or pairings is constructed such that every flight is assigned
a qualified crew and that work rules and collective agreements are satisfied. In
practice, most airline companies solve these problems in a sequential manner
to plan their operations, although recently, an increasing effort is being made to
develop novel approaches for integrating some of the airline operations planning
problems while retaining tractability.

The cost categories (Swan and Adler, 2006) include pilot, cabin crew, fuel, Landing
fee, airframemaintenance, engine maintenance and the ownership costs of the
aircraft. The flight crew costs include all costs (Ssamula and Mistro, 2004) asso-
ciated with the flight and cabin crew including allowances, pensions, salaries,
etc.

 

 

 

 

 
Aircraft Cost 

Direct Cost (Variable Cost) 

Flight Crew Expense, Fuel, Landing 

Fee etc. 

Indirect Cost (Fixed-Overhead) 

General Admin, personnel, 

financing etc. 

Figure 2: Types of cost
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1 Introduction

The costs of an airline incurs in producing available seatmiles (ASM) depend upon
the type of adjustments it is able to make in the amounts of the various resources
it employs. The quantities of many resources used – labour, fuel and so forth-
can be varied relatively quickly in the short run. But amounts of other resources
demandmore time of adjustment.

1.3 Customer Satisfaction - a primary Paramater

Introduction of wide body service in the early 1970s marked the climax of produc-
tion –sales orientation in the air transport industry. Excess capacity and shortage
of customer changed themarketing concept to a customer –oriented approach.

The industry entered into its matured stage since 1960s. Weaker competitors
left the industry. The remaining competitors have become well entrenched, and
the marketing policy and images are well known. Customer loyalties and market
shares became stabilized.

Evaluation of customer satisfaction differs from one study to another. Studies
have been differing with their focus and coverage. Most of the studies focused
on evaluating factors influencing customer satisfaction or associated customer
satisfactionandquality of services (Josephat and Ismail, 2012). Logistic regression
was used to develop customer satisfaction model for Precision Air.

Customers’ satisfaction degree is customers’ comparative evaluation between
expectation and perceived value for the products and the services after making
relevant payment for their proceeds. Satisfaction or dissatisfaction after the pur-
chase, depends not only on the difference between performance that customers
actually feel and expected, but also upon their costs that they pay in order to get
the profits, that is to make customers obtain the maximum discount. Customers’
delivered value means the difference between the total value of customers and
the total cost of customers.

Service encounters that do not meet expectations should have a bigger impact
on customers than service encounters that exceed expectations. Furthermore, if
customers are concerned about the possibility of service encounters that do not
meet expectations, future sales and profitability may be negatively influenced
(Shaun et al., 2005).

225



Business Model of Aircraft Fleet Planning using ANN

2 Theoretical Background

The flying performance of different aircraftmodel is different, for example, range
of aircraft, flying altitude ceiling, maximum takeoff weight, maximum zero fuel
weight, available cargo space andmanymore. So a particular route is not suit-
able for all models of the aircraft to perform. In addition, different models have
different seating capacity, layout and their operating costs are not same (Li, and
Tan, 2013). Profit maximization is the primary goal of an airline whereas cus-
tomer satisfaction is considered to be the secondary goal through which strategic
advantage can be achieved.

Conventionally, a computer operates through sequential linear processing tech-
nologies. They apply formulas, decision rules, and algorithms instructed by users
to produce outputs from the inputs. Conventional computers are good at numer-
ical computation. But ANNs improve their own rules; the more decisions they
make, the better the decisions may become.

ANN can determine the optimal solution to an NP-complete (nondeterministic
polynomial) problem, such as the travelling salesperson problem. This is equiv-
alent to linear and integer programming in management sciences, where the
objective functions are optimized using a heuristic search procedure. there is no
doubt that ANNs are feasible for business applications. Many phenomena that
are difficult to describe can bemodeled by ANNs, if carefully designed.

Artificial Neural Networks have emerged as a very popular area of research, both
from the design and the usage points of view. There is considerable research
emphasis on designing better andmore efficient neural networks, more powerful
”learning algorithms”, better transfer functions etc. On the other hand there
is a great amount of academic interest in the applications of neural networks.
Disciplines as diverse as the biological sciences and finance have applications
that use neural networks. There is a significant volume of research on neural
networks in the engineering and science literature. There also exists a reasonable
body of neural network research as related to business.

2.1 Profit Maximization Model

Considering the features of a particular route and flight plan, under constraints of
pre-announced flight schedules, not considering the flight stopovers and having
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2 Theoretical Background

enough airport capacity, the model (Pandit et al., 2010) which considers matched
flying area, as well as the traffic match conditions can be proposed as follows:

Max
m∑
i=0

n∑
j=1

Pijxij (1)

m∑
i=1

n∑
j=1

xij = m (2)

n∑
j=1

xij = 1 (3)

xijdj ≥ Dj i = 1, 2, 3 . . . ,m; j = 1, 2, 3 . . . , n (4)

xijsj ≥ Sj i = 1, 2, 3 . . . ,m; j = 1, 2, 3 . . . , n (5)

xijrj ≥ Rj i = 1, 2, 3 . . . ,m; j = 1, 2, 3 . . . , n (6)
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Where,

i = 1, 2, 3 . . . . . . ,mm is overall flight number

j = 1, 2, 3 . . . . . . , n n is the number of aircraftmodel

Pij the revenue of aircraftmodel j to perform the flight i

Pij = Eij − Fij − Vij

Eij Revenue earned frommodel j to flight i

Fij Fixed operating cost of model j to flight i

Vij is the variable operating cost of model j to fly flight i

xij

{
0

1

flight i is performed by the aircraftmodel j

else otherwise

dj is the range of the aircraftmodel j

Di is the distance of the flight i

sj is the seating configuration of the aircraftmodel j

Sj is the required traffic of the flight i

rj is the flying requirement (ETOPS, TCAS,..)of the model j

Rj is the flying requirement (ETOPS, TCAS,..) of the route

gj is the cargo space available in model j

Gj is the cargo space requirement in flight i

The objective function (1) means that the total income of all flights is largest, after
the aircraft types are assigned to all flights considering the bulk of the flights of
global optimization. Constraint (2) is to ensure that an equal number of models
are selected for flights. Constraint (3) is to ensure that only onemodel is assigned
to each flight. Constraint (4) is to ensure that the model assigned to the flight
meets the flight distance requirements. Constraint (5) is to ensure that the model
assigned to the flight meets the traffic requirement is fulfilled by the seating
capacity. Constraint (6) is to ensure that the selected model meets the technical
requirements of the route.
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2 Theoretical Background

2.2 Integrated Fleet Planning Model

As a decisionmaking process integrated fleet planning depends on Design charac-
teristics, Physical Performance, Maintenance Needs, Acquisition cost, operating
economics (Pandit and Hasin, 2010).

In this research, the fleet planning problem (FPP) has been defined as a multi-
objective optimization functionwith costminimization and satisfactionmaximiza-
tion as follows:

FPP = Selection
[
Min

∑
Cij , Max

∑
Sik

]
(7)

Where

i = alternative aircraft

j = cost parameters

k = satisfaction parameters

The constraints are the required Design characteristics, Physical Performance,
Maintenance Needs, Operating Economics and availability of Acquisition Cost.

Selection of aircraft on the basis of optimal solution is the unique goal of this
research. The input values are considered as fuzzy in nature. However, in contrast
to neural networks, fuzzy decision logic systems are not capable of automatic
learning. To solve this problem, this research utilized combined use of fuzzy logic
systems and neural networks.

In this research, fuzzy neural network approach is used, where neural network
part is primarily used for its learning and classification capabilities and for pattern
associationand retrieval. Forneural networkanalysis, a two-layerhidden function
is used which proves sufficient for learning. The data set for learning is derived
from the available business results, which are optimized using conventional linear
or integer programming approach, as used typically by some airlines research
organizations.

The quantitative features, considered here, are costs and expenses of acquisi-
tion for purchase of aircraft, its spares, ground support equipment, maintenance
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training, flight training, financing, pre-payment, maintenance, fuel, general ad-
ministrative activities, sales promotion activities, passenger service and handling,
cockpit and cabin crew, dispatcher, insurance and rental charges, landing and
navigation fees.

The fleet planning data used in this research are – available aircraft and specific
requirement of fleet planning in terms of destination, type of load to be carried,
time of aircraft acquisition.

Once these features were extracted, their probable fuzzy relations were deter-
mined. It is necessary to note that fuzzy relation provides an analyzer with a rich
framework within which many problems emerging from practical applications of
the theory are formulated.

This research also utilized this strength of fuzzy relations. However, the great
utility of fuzzy relation equations was somewhat hampered by the rather high
computational demandof conventional linear programmingoptimizationmodels,
which is supported by the existing literatures as well (Oliver, 1997).

A sensitivity analysis was also performed for minimization of deviations from
desired outputs. The desired response of the network towhich each input pattern
and its comparisonwith theactual output of thenetworkwereused in the learning
algorithm for appropriate adjustments of the weights. These adjustments whose
purpose was to minimize the difference between the desired and actual outputs
were made incrementally.

That is small adjustments in the weights are made in the desired direction for
each training pair. This is essential for facilitating a convergence to a solution
(specific values of the weight) in which patterns in the training set are recognized
with high fidelity.
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Figure 3: Detailed Model
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3 Outline of Methodology

In order to carry out this research work, steps that have been adopted are men-
tioned below:-

3.1 Fuzzification

Uncertainties regarding all satisfaction data have been handled with the help
of fuzzy membership function and finally Customer Satisfaction fuzzy ranking is
prepared for different aircraft.

Passenger satisfaction data was collected from the reviews made by the passen-
gers for different flights with different aircraft. In those reviews, they had options
to give comment andmake ranking on a number of issues like-seat comfort, sat-
isfaction for Catering, satisfaction for entertainment, value for money and staff
comfort.

3.2 Neural Network Design

The work flow for the general neural network design process has seven primary
steps:

1. Collection of data

2. Creating the network

3. Configuring the network

4. Initializing the weights and biases

5. Training of the network

6. Validating the network (post-training analysis)

7. Using the network
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3 Outline of Methodology

Aircraft specification and data sheets have been collected from individual manu-
facturer and other sources. Aircraft parameters and cost related data have been
collected from different airlines. Customer satisfaction fuzzy ranking is also being
used as input of the ANN.

Database has been prepared and updated for all aircraft. Database has also been
developed for customer satisfaction, taking into account factors like seat comfort,
catering service, entertainment and overall remarks on different past flights.

Route data has been collected from flight history of aircraft. Route data have
been collected for five routes- Dhaka-Bangkok, Dhaka-Dubai, Dhaka-Kathmandu,
Dhaka-Kolkata and Dhaka-Kuala Lumpur. For selecting aircraft for a particular
route, flight histories for five routes have been taken. The routes and the aerial
distances are mentioned in Table 1.

Flight history has been taken from all these routes. Airline operating in these
routes have different types of aircraft having differences in design data, perfor-
mancedata, seat capacity, cost data, satisfactiondata. It isworthy tomentionhere
that there are some common aircraft also being operated by different airlines.

Table 1: Routes used for flight history

Route No. From To Distance KM

1 Dhaka (DAC) Bangkok (BKK) 1533

2 Dhaka (DAC) Dubai (DXB) 3555

3 Dhaka (DAC) Kathmandu (KTM) 676

4 Dhaka (DAC) Kolkata (CCU) 245

5 Dhaka (DAC) Kuala Lumpur (KUL) 2579

Feed Forward network of Artificial Neural Network has been implemented for
training, validating and finally testing. After establishment of network it was
tested by different data sets to check its response.
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3.3 Defuzzification

Defuzzification is the process of converting a fuzzified output into a single crisp
valuewith respect to a fuzzy set. A commonanduseful defuzzification technique is
center of gravity. The centroidof this shape, called the fuzzy centroid, is calculated.
The x coordinate of the centroid is the defuzzified value.

4 Result

Satisfaction data is full of uncertainties. Application of fuzzy logic with a number
of rules could provide a crisp result on ranking. This ranking was used as a special
input for Artificial Neural Network.

4.1 Customer Satisfaction Fuzzy Ranking

The remarks given by the passengers were collected for preparing customer satis-
faction fuzzy ranking. These remarks weremade flight wise for a particular airline.
Passengers put their recommendations on seat comfort, satisfaction for Catering,
satisfaction for entertainment, value for money and staff comfort in a ranking
scale of 10. Airlines wise such remarks were collected and categorized according
to aircraft.

Two columns namely value formoney and staff comfort have no direct correlation
with the type of aircraft the airline used. So for the sake of this research, these
two columns were omitted. For Seat comfort, catering and entertainment the
linguistic variables are

Very Low VL

Low LO

Medium MI

High HI

Very High VH
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4 Result

For final recommendations, following were the linguistic variables

Not recommended NR

Recommended but needs improvement RC

Highly Recommended HR

Themode (with highest frequency) is considered. If the remarks are transferred
into linguistic comments, the table becomes as follows.

Table 2: Linguistic expression of Satisfaction

ICAO
Code

Seat
Comfort

Catering
Comfort

Entertai-
nment

Satisfaction
Fuzzy Coding

A310 LO MI VL 1 NR
A319 MI MI VL 1 NR
A320 HI HI MI 2 RC
A333 LO HI MI 2 RC
A336 LO HI MI 2 RC
B735 HI HI MI 2 RC
B736 MI LO VL 1 NR
B737 HI HI MI 2 RC
B738 HI HI MI 2 RC
B739 HI HI HI 3 HR
B772 HI HI MI 2 RC
B77W VH VH VH 3 HR
B762 LO MI VL 1 NR
DH8C MI MI VL 1 NR
DH8D MI LO VL 1 NR
E145 HI MI MI 2 RC
AT73 LO HI VL 1 NR
MD11 HI MI VL 1 NR
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Fuzzy Inference System has been used in this situation. The system has three
inputs (Seating, Catering and Entertainment) and one output (Satisfaction). 8
rules are used to setup the Inference system. The summary of the GUI system
is placed here. Triangular membership function were used with the following
parameters for the input variables

Table 3: Fuzzy Input Variable

Input Variable MF MF Definition MF Type

Seating VL [0.037 0.602 1.24] trimf
LO [0.7882 1.448 2.189] trimf
MI [1.78 2.36 3.221] trimf
HI [2.73 3.34 4.24] trimf
VH [3.76 4.23 5.02] trimf

Catering VL [0.0114 0.575 1.157] trimf
LO [0.853 1.554 2.27] trimf
MI [1.82 2.36 3.142] trimf
HI [2.743 3.353 4.253] trimf
VH [3.81 4.25 5.033] trimf

Entertainment VL [-0.0331 0.5754 1.21] trimf
LO [0.708 1.396 2.25] trimf
MI [1.753 2.277 3.127] trimf
HI [2.7 3.21 4.22] trimf
VH [3.75 4.18 5.033] trimf

Table 4: Fuzzy Output Variable (Triangular Membership)

Output Variable MF MF Definition MF Type

Satisfaction NR [0.0104 0.853 2.03] trimf
LO [1.52 2.44 3.485] trimf
MI [3 3.909 5.01] trimf
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4 Result

Figure 4: Membership Plot of input variable Seating

Figure 5: Membership Plot of output variable Satisfaction

The rules used in this FIS are

Rule 1. If (Seating is VL) or (Catering is VL) or (Entertainment is VL)
then (Satisfaction is NR)
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Rule 2. If (Seating is HI) and (Catering is not VL) and (Entertainment is not VL)
then (Satisfaction is RC)

Rule 3. If (Seating is not VL) and (Catering is HI) and (Entertainment is not VL)
then (Satisfaction is RC)

Rule 4. If (Seating is not VL) and (Catering is not VL) and (Entertainment is HI)
then (Satisfaction is RC)

Rule 5. If (Seating is HI) and (Catering is HI) and (Entertainment is HI)
then (Satisfaction is HR)

Rule 6. If (Seating is VH) and (Catering is not VL) and (Entertainment is not VL)
then (Satisfaction is HR)

Rule 7. If (Seating is not VL) and (Catering is VH) and (Entertainment is not VL)
then (Satisfaction is HR)

Rule 8. If (Seating is not VL) and (Catering is not VL) and (Entertainment is VH)
then (Satisfaction is HR)

After fuzzification the output value is now ready to be used for Artificial Neural
Network as described in the detailed model in figure 3.

4.2 Artificial Neural Network

Thenftool ofMATLAB is used for theArtificial NeuralNetwork. nftool leads through
solving a data fitting problem, solving it with a two-layer feed-forward network
using Levenberg-Marquardt Algorithm and trained with trainlm algorithm.

4.2.1 Neural Network Summary

Input Layer : 26 Neurons
Hidden Layer: 10 Neurons
Output Layer : 1 neuron
Algorithm used: Levenberg-Marquardt Algorithm
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4 Result

Table 5: Satisfaction Ranking

ICAO
Code Seating Catering Ent. Sat. Sat.

Rank

A310 1.67 2.3 0.3 0.981 3
A319 1.9 3.1 0.45 1.37 6
A320 2.85 3.9 2.88 3.04 17
A333 1.1 2.9 2.8 1.8 9
A336 0.89 3.56 3 1.67 8
B735 3.12 2.9 2.87 2.99 16
B736 2.25 1.45 0.6 0.965 1
B737 2.85 3.4 2.33 2.48 11
B738 2.85 2.87 2.29 2.5 13
B739 2.88 3.4 3.4 2.93 15
B772 3.5 3.83 2.26 2.57 14
B77W 4.1 3.9 3.85 3.39 18
B762 1.2 1.9 0.45 0.969 2
DH8C 2.4 1.9 1.1 1.01 5
DH8D 1.8 1.7 1 0.995 4
E145 2.9 2.8 2.28 2.49 12
AT73 1.4 2.99 0.45 1.37 7
MD11 3.23 1.93 1.1 2.13 10

Figure 6: Neural Network Layers
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After establishing the network it needs training. For that purpose developed data
sets are provided to the network as data_in from a data file. Also the target was
provided through another data file called data_out. 70% data (772 Samples)
are used for training, 15% (166 Samples) for validation and another 15% (166
Samples) are used for testing purpose.

Figure 7: Training, Validation and Testing data samples

4.2.2 Training Summary

The process to train a neural network involves tuning the values of the weights
and biases of the network to optimize network performance, as defined by the
network performance function. The training of neural network depends onmany
factors - complexity of the problem, the number of data points in the training set,
the number of weights and biases in the network, the error goal and whether the
network is being used for function approximation (regression).

In Levenberg-Marquardt Algorithm of feed forward network, trainlm algorithm is
used for training. Iteration is one step taken in the gradient descent algorithm
towards minimizing the loss function using a mini-batch. An epoch is the full
pass of the training algorithm over the entire training set. The training state is
presented in Figure 8.
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4 Result

Figure 8: Training State of the network

4.2.3 Result of Regression Analysis

The neural network randomly selects data from the given data set for training,
testing and validating. In each set of data the relationship between target and
actual output exists which is performed by a correlation analysis to establish a
linear relationship.

Regression analysis describes a relationship between target and actual output of
the developed network. Regression analysis in Figure 9, presents least-squares fit
for four distinct situation of Training, Validation, Testing and All samples.
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Figure 9: Regression Analysis

4.2.4 Performance of Network

When the training in is complete, the network performance is checked and de-
termined if any changes need to be made to the training process, the network
architecture, or the data sets. The performance of the network is shown in Fig-
ure 10.
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4 Result

Figure 10: Performance of the network

4.2.5 Simulink

With the help of Simulink, the system is simulated interactively and viewed the
results on scopes and graphical displays. The integration of Simulink andMATLAB
enables to run unattended batch simulations of Simulink models using MATLAB
commands.
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Figure 11: Simulink Diagram

5 Findings

Main objectives of this research were to develop a fleet planning model for select-
ing aircraft in a particular routewhere cost isminimized and customer satisfaction
is maximum. By using fuzzy logic for customer satisfaction ranking and Artificial
Neural Network for the established databases.

The Artificial Neural Network has been established with 26 neurons in the input
layer, 10 neurons in the middle hidden layer and 1 output neuron. The network
has been trained, validated and tested for being used by the user.

Feed Forward network using Levenberg-Marquardt Algorithmdo not show always
the same accuracy as the human brain. Generally it is a very good algorithm to
reach its global minima when the error learning is concerned. Summary of the

Table 6: List of Sample used

Sample Type Number of Sample

Total 1104
Training -70% 772
Validation -15% 166
Testing -15% 166
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Table 7: Network Accuracy

Epoch MSE Regression
Train Valid Test Train Valid Test All

13 0.0736 0.0346 0.0422 0.988 0.9635 0.9976 0.985
20 0.0402 0.0278 0.0624 0.984 0.9968 0.9968 0.988
18 0.0976 0.0284 0.0536 0.992 0.9975 0.9543 0.987
14 0.2002 0.0318 0.0342 0.984 0.9971 0.9975 0.987

Mean squared Errors (MSE) and network accuracy (Regression-R) values are as
follows:

The network has been tested for known and unknown inputs for recognizing the
output.

Sample Input

[5; 202; 2579; 2;56000; 897; 5170; 80142; 142000; 41000; 280; 1204; 5.82; 23591.176;
940.65; 1457.43; 320; 26309.256; 1827.92; 28137.176; 280; 100.4899143; 0.981; 3;
25.7; 10]

From the Simulink output window, the output is 1 and when it is decoded for
finding the real value of 1, it is found that the selected aircraft is A310.

Aircraft specification, design characteristics, aircraft performance data, power
plant data, customer satisfaction data needs regular updating for correct decision
making by the neural network.
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Figure 12: Simulink Output window

6 Conclusion

Airline industry is suffering from lack of integrated fleet planning mechanism,
considering multiple input factors, along with uncertainties in different forms
and at various stages. This research developed amathematical model with dual
objectives ofminimizing operating costs andmaximizing customer satisfaction. In
this perspective the model developed by the researcher and its implementation
through fuzzy logic and artificial neural network has given good results with
respect to both objectives. Computer simulation has provided useful sensitivity
with respect to varied input data sets. With slight modifications and updating of
data on a regular basis, the model can serve the purposes of other regions of the
world.

For specific optimization problem, other optimization algorithmsmay find better
solutions than Fuzzy Neural Network combination (given the same amount of
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computation time). In this particular fleet planning problem, future research
potential lies in the area of using other algorithms like evolution strategies, evolu-
tionary programming, simulated annealing, Gaussian adaptation, hill climbing
and swarm intelligence andmethods based on integer linear programming.
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