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Flight delays are one of the most important and pervasive problems in
the aviation industry. One way to reduce flight delays is to use backup
planes. In previous research, less attention was paid to the issue of
backup aircrafts and particularly the location of their deployment in
order to reduce air traffic delays. Therefore, in this research, an agent-
based modelling and simulation was used to find the optimum
deploymentlocation of backup aircrafts. The main objectives of this study
were to investigate the effect of locating backup aircraft as well as the
effect of increasing their number in reducing the average delay time of
flights. In modelling, three scenarios were examined based on the
number of backup aircrafts. The first, second and third scenario consisted
of one, two and three backup aircrafts, respectively. The results showed
a 26% and 29% increase in the number of backup aircrafts from one to
two aircrafts and from two to three aircrafts in reducing the average
delay time. In addition, in each of the scenarios, the difference between
the worst and best locations found for the deployment of backup aircrafts
and its impact on latency was examined. This effect was 70%, 77% and
84% in the first, second and third scenarios, respectively. These great
differences showed the major impact of optimal location of the
deployment centers in reducing flight delays.
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EXTENDED ABSTRACT

Introduction

Flight delay is one of the greatest and widespread problems in air transportation
industry. One method of reducing delay time is to use backup aircrafts that replace the failed
aircrafts. In previous research studies, less attention has been paid to the issue of backup
aircrafts and selection of their best locations. In this research, an agent-based simulation
model was developed and used for site selection of backup aircrafts with the aim of reducing
the average flight delay. The main goals of this research was to investigate the impact of both
the number and the site selection of backup aircrafts in reducing flight delays.

Methodology

Considering the goals mentioned in the previous section, in this research, the airlines
and airports used by Qeshm Air, an Iranian air transportation company, were modeled and
simulated using Anylogic software. A brief description of the agents and their behavior are
as follows:

1- The main agent as a center of control and management of flight information: this
high-level agent accesses and monitors real-time information of all agents. It
provides a platform of communication and interaction for other agents during
simulation.

2- The main aircrafts as the first type of moving agents: origin and destination were
considered for each aircraft. For each aircraft, one of the airports was considered as
its assigned airport, which is the airport of the city of departure. By the time of the
first flight, the aircraft first adds a record to the flights of its assigned airport, and
determines its destination for the assigned airport. Then, the aircraft moves to the
destination. After reaching the destination, it immediately moves back to the airport
of origin. When the aircraft arrives, it waits for the next flight.

3- Airportagent: based on the increase in the number of its flights or the breakdown of
a plane, and based on a certain probability, the airport agent sends a backup request
message to the nearest backup aircraft, dedicated to that airport. In addition, the
destination airport of the canceled flight updates its information to the dedicated
backup aircraft.

4- The second type of mobile agent as backup aircrafts: every backup aircraft that is
situated at its own airport and after receiving a backup request message from an
airport, flies to that airport. After reaching destination, it does its duty by moving to
the destination of the canceled flight of that airport. Finally, after finishing the flight,
itreturns to its dedicated airport, settles there and waits for the next request message
to carry out the next mission. The time interval for the backup aircraft to arrive at the
requesting airport is considered to be the delay time of the canceled flight.

5- Airline agent: in the model, an agent called airline was considered for better
observation of air routes.
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Figure 1. The agents during the simulation run.

Results and discussion

The model was implemented using the tools and facilities of Anylogic software, and the
required program was coded in Java programming language. Then, the real data of the
Qeshm Air flights was entered into the software database. The data included the origin and
destination of the aircrafts and the number and time of their flights during the week. Then,
three scenarios were considered according to the research objectives. The first scenario was
to have one backup aircraft, the second scenario was to have two backup aircrafts, and the
third scenario was to have three backup aircrafts. These three scenarios were considered to
investigate the impact of increasing the number of backup aircrafts in reducing the average
delay time of the air flights. In addition, in each of the scenarios, all possible modes were
implemented separately and the best and worst results were obtained. This was done to
check the impact of the appropriate location of backup aircrafts in reducing the average
delay time of air flights. Table 1 shows the results of the three scenarios.

Table 1. The results of three scenarios.

Scenario Number of Best Worst The Average Delay Impact of Good
Backup Aircraft _ Site Selection _ Site Selection Ttime (S) Site Selection (%)
Tehran 2539.69
! ! Chabahar 8365.07 70
Tehran 1885.28
Shiraz
2 2 77
Chabahar 8138.46
Chabahar i
Tehran
Qeshm 1338.49
Ahvaz
3 3 Chabahar 84
Chabahar 8074.81
Chabahar
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According to the results of this table, the following can be stated:

1- With one, two and three backup aircrafts in the best location, the average delay
times were 2539.69, 1885.28 and 1338.49 seconds, respectively. The results clearly
show the effect of increasing the number of backup aircrafts in reducing the
average flight delay time. They demonstrate a decrease of approximately 26% for
two backup aircrafts compared to one aircraft, and a decrease of approximately
29% for three backup aircrafts compared to two aircrafts in the best locations.

2- With one, two and three backup aircrafts in the worst location, the average delay
times were 8365.07, 8138.46 and 8074.81 seconds, respectively. The large
difference between the numbers obtained from the worst location and the best
location shows the great impact of suitable location of backup aircrafts in reducing
the average flight delay time by approximately 70%, 77% and 84% reduction with
one, two and three backup aircrafts, respectively.

Conclusion

One of the main goals of this research was to investigate the impact of the appropriate
location of backup aircraft in reducing the average of flight delay time. The results
demonstrated a significant impact of this factor. Another main goal was to investigate the
effect of increasing the number of backup aircraft in reducing the average delay time of
flights. The results show a remarkable reduction in the average delay time of flights by
increasing the number of backup aircraft in their best locations in different scenarios.
According to the results, agent-based modeling has a great capability in modeling the
dynamic and complex world of air transportation. It provides the possibility of direct
observations of aircrafts, airports and their performance and interactions. It also provides
the possibility of evaluating their behavior and defining different scenarios.
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