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Introduction
In recent year, airports play a significant role in economic growth, connecting cities and nations.

Number of passenger is increasing rapidly. According to the International Air Transport Association
(ATA, 2018, the latest update to IATA's 20-Year Air Passenger Forecast, shows that over the next two
decades, the forecast anticipates a 3.5% compound annual growth rate (CAGR), leading to a doubling in
passenger numbers from today's levels. According to IATA (2017)report, figure 1 shows that the number
of passenger expected to grow in double-digit from 4 billion in 2016 to 7.2 billion passengers in 2036.
For Asia region, in 2034 China will account for some 1.19 billion passengers, 758 million more than
2014 with an average annual growth rate of 5.2« Traffic to, from and within the US is expected to grow
at an average annual growth rate of 3.1« that will see 1.16 billion passengers by 2034 (523 million more
than 2014). India will displace the United Kingdom as the third-largest market in 2026, with Indonesia
rising to number 5 in the world. Japan, Spain, Germany and France fall relative to their competitors, Italy
falls out of the top 10, while Brazil moves from 10th place to 7" IATA, 2015,
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Figure 1: Top ten air passenger market in the future
Source: Organized by Author; (ATA, 2017)and ICAO, 2016)

Due to the annual growth of passengers and flights, Airport terminals have many problems that
can impact passenger handling flows. Safety concerns in recent times have caused many changes to

security screening procedures and this impacts passenger throughput times. Beside security, another

problem that faces modern airports is limited infrastructure capacity, including the available number of
resources such as numbers of common check-in counters and number of personnel available. Airport

terminal capacity is forced to heavy performance. Barnhart, Fearing, Odoni, & Vaze, 2012; Manataki &
Zografos, 2009). Airport does not only suffer the significances of the growth, but also has to cope with
many social and political changes that have an effect on the passenger handling.

Airports are complex systems, airport handle two types of passenger flow systems, the first is
departure passenger flow and the second is arrival passenger flow. Each one of these systems has its

own procedures. The departure procedures include airport access facilities, check-in security screening,
immigration and custom and boarding. While the arrival procedures include disembarking procedures,
immigration, baggage claims, custom and quarantine and leaving the airport. According to (De Neufville,
Odoni, Belobaba, & Reynolds, 2013) the departure process, which sometimes involves services

243



provided to transit passengers, typically requires a significantly longer time than the arrival process.

Some airports have a slightly different process and new airports to be designed in the future may require
further changes to the standard process in light of the new security concerns being faced in our modern
world. Recently an investigation of passenger experience and airport operational efficiency found that

that <The less time the customer spends in the systems, the higher the satisfaction» Guizzi, Murino, &
Romano, 2009,.

This paper, therefore, focus on departure passenger flow because departure flow of
passengers system is more important because it has the ultimate impact on the entire operation of
passenger terminals and other elements of the airport.

Literature review
Many researchers have faced issues concerning the optimization of an airport terminal. This

section reviews the related research on airport passenger flow, focusing mostly on departure system to
measure the performance of workstations and to understanding which factors affect passenger flows.

According to Wu & Mengersen, 2013) existing airport models can be categorized into four
sets «capacity planning, operational planning and design, security policy and planning, and airport
performance review~. These models can be analytic, simulation, and hybrid approaches as well. They
involve different levels of detail and have deterministic and stochastic characteristic Wu & Mengersen,
2013; Zografos & Madas, 2006). The models capture diverse performance metrics for -operational
efficiency’, including service time, queue length, and congestion. In recent years, simulation modelling

has become widespread not only for passenger flow analysis, but also for integrating and simulating
two or multiple systems,components (Pitchforth, Wu, Fookes, & Mengersen, 2015). Takakuwa & Oyama

2003) developed a microscopic simulation model to investigate passenger flow in an entire airport
terminal building with a primary focus on international departures. They noted that check-intime is the
highest, at about 80% of the whole terminal waiting time. In addition, (Ma, Fookes, Kleinschmidt, &
Yarlagadda, 2012; Ma, Kleinschmidt, Fookes, & Yarlagadda, 2011) and (2012) provided a similar
microscopic simulation model represented by an agent-based model and mainly focused on human
factors (.e. passenger characteristics). The proposed model was used to study check-in operations of
passengers and their use of discretionary facilities. Holding advanced passenger traits in the agents
were found to make the simulations more realistic, hence, the peak check-in queuing times could be
reduced by distributing passengers over the full range of facilities. Hybrid approaches have been seen
in the literature repeatedly. For example, (Olaru & Emery, 2007) have employed both simulation models
and genetic algorithm (GA) optimization to model and analyse departure procedures. They used this

model as a process of organizational adjustment to evaluate airport operations efficiency, infrastructure
impacts and operational changes.

In addition, process models are often used to give a complete view of terminal operations with
respect to passenger capacity and processing time. An example of process models is discrete event

model, accordingly (Verbraeck & Valentin, 2002) stated that DES is often used to model system where
complex processes are combined with a limited infrastructure of capacity”. One of best definitions for
DES was given by (Dorton &Liu, 2015), they defined DES as «a general collection of theories, methods,
and applications to replicate behaviour of real systems for assessment or experimentation-. Several

authors, each with different aims, proposed that DES be utilised to analyse departing passenger flows
(Guizzi et al,, 2009; Novrisal, Wahyuni, Hamani, EImhamedi, & Soemardi, 2013; Rauch & Kiljaji¢, 2006).

Guizzi, Murino et al. 2009 believed that passengers behave differently at the airport due to their
experiences; therefore, it is difficult to forecast delays and priority. Their simulation model aims to predict
delays in a logical and rational way, in the area of check-in and security check point. This would take

into account the available capacity and the volume of passengers, based on time of day and passenger
behavior. The Nagoya University has conducted a simulation using the software Arena on departing

flow passengers from the International Kansai airport in Japan, in order to reduce the number of
passengers, because of long waiting times in peak periods and because of unavoidable delays, they
lose their flights. Preliminary analysis on passengers waiting times showed that the total time spent by

passengers in the airport: the 48« is spent moving from place to place within the terminal, the 25« is
waiting and only the 4« is doing formalities such as process acceptance, embarkation, and so forth.
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Joustra, P, and Van Dijk, N.2001), Verbraeck, A, and Valentin, E. 2002), Appelt S, Batta R, Lin Li,
Drury C.2007) The Rockwell Arena simulation software tool was used in this study to provide the results
of the average queue length and waiting time. Alternatively, Rauch & Kijaji¢ 2006) constructed their
model by General Purpose Simulation System (GPSS), a simulation programming language. To identify
system bottlenecks the authors aimed to analyze departure processes, from check-in to boarding, at a
specific time before departure. Key factors such as passenger arrival pattern, passenger service time,
and operating process were measured. Similarly, Novrisal et al 2013)developed their model to analyze
congestion problems in departure process at Soekarno-Hatta International Airport in Indonesia. The
model's objectives were to reduce processing and waiting time in the system. It was found that the
number of check-in counters needed to be increased, with approximately 61 of total time spent in check-
in queues during the departure process.

Methodology
In this section, the framework of passengers through the outbound processes of airport is

introduced. Each system has its own particular flows, and each needs different infrastructure and
service. With the increasing demand for air transportation and new security policy, there are many
operations that re subjective by limited resources and infrastructure. These constraints can generate
significant bottlenecks, long passenger queues, congestion and also the overall delay.

As an airport operator, they are responsible for the infrastructural capacity and processes that
facilitate passengers, airlines, cargo and also baggage. The complete passenger flow in the terminal

building, from check-in to boarding, as seen in Figure 2, has been modeled into the simulation
environment ARENA. Two subsystem have been distinguished, Check-in and Security Border Control.

This paper focus on these two subsystems because it considered as the bottle neck for most of the
airport, in term of departure passenger flow.

Figure 2: Passenger Journey
Source: Schiphol annual report 2018)

The development of framework for analyzing airport system performance is important because
each entity within the system is inter-dependent with each other. This paper considered to develop the

simulation model to simulate the bottleneck of airport's departure flow. The performance metrics of
interest in this paper are average waiting time and processing time. The simulation is well suited to
complex system with limited infrastructure capacity constraints.
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Model architecture

The simulation for passenger's flow within an airport terminal allows the detection of any critical
issues that could arise in the real flow management. The simulation was conducted considering the
condition of congestion based on flight operations of a regular working day. The design of a model is

particularly important because if not employed correctly, the model may not correctly represent real life
events and may provide incorrect result. The simulation run time needs to be long enough to represent

a complete cycle that the airport experiences.

The structure of the model is built around the basis of a hierarchical model structure as
presented in figure 3.In detail, the main processed before the flight for departing passengers essentially

are there:

[ Arrival characteristics, including distribution of arrivals, method of arrival @ny transportation
mode), number of bag, class of travel, and travel time.

[l The check-in operation at check-in desks, where the passenger delivers the baggage and
receives the boarding pass. In recent year, airlines set up alternatives for the passenger at the
check-in process; either web check-in or kiosk. The check-in online and the kiosk are used only

to accept passengers with no luggage, then the passenger having already obtained the
boarding pass, can go directly to the security boarder control, otherwise the passenger should
go to the inside check-in desks in order to send the luggage.

Qutbound Passenger Flow

Check-in Check-in Check-in Check-in
Counter Counter Counter Counter

I

Security Border Control

|

| Immigration |

A 4

| Boarding Gate |

Figure 3: Outbound passenger flow
Source: Organized by Author

[ Security border controls - x-ray check for the common security screening line. Security controls
are made one by one for each passenger. The queue near security control checkpoint is
managed at just as common check-in, in other words only one queue for much more available
checkpoint.

[ Immigration processing, including smart gate service, and the common counter for passport
control
[1 Boarding procedure -the boarding operations on the aircraft.
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Case study
The simulation framework has been applied to the one international airport in Thailand. A model

has been developed that includes the main characteristics of the airport with regards to passenger flow
and processing, and also with respect to a variety of functional area and facilities. This paper considered

only the check-in process and security border control because this two process generate more problems
in term of passenger's waiting time.

Parameters and assumptions of the model
[] Check -in counter: we divided into two groups which are international and domestics. The
number of the check -in counter for international is 25 and 33 for domestics. Processing time is
4 85 Minute/person for international and 3.15 Minute/person for domestics.

[1 Security border control: This process also divided into two groups which are international and
domestics. The number of X-ray is 2 for international and 3 for domestics. Processing time is
3.72 Minute/person for international and 1.35 Minute/person for domestics

[1 The capacity for this airport is 1100 people/hour
[l The operation time is 6 am to 12 am

Simulation

This paper use Arena program to analyze the as-is and to-be result because this program is
one of the efficient and well-known for analyzing the simulation model. Figure 4 is the flow from the
Arena program.

Figure 4. Passenger flow in Arena program

For as-is analysis: the type of capacity is fix type. The average processing time is 805
minute/entity and the average waiting time is 12.83 minute/entity. The number of check-in counter is 33
and 25 for domestics and international, respectively. The number of X-ray is 3 and 2 for domestics and
international, respectively.

For to-be analysis: Since the security boarder control is the bottleneck for the airport, we added
1 X-ray machine for both domestics and international and run the program again. The result show that
the average processing time is decreased 6.45% which is from 8.05 minute per entity to 7.53 minute per
entity. The waiting time also decrease from 12.83 minute/entity to 11.45 minutes/entity or 10.76%.

Discussion and Recommendation
The results of the simulation suggest that the number of passengers misconnected their flights
can be drastically reduced by increasing numbers of X-ray machines for security check by aviation

security agency supporting the standard working group. The results obviously show that bottleneck is

located at the security check point for screening outbound passengers either at the center security point
or in front of passenger gates at some airports. The delay of passenger flow is indicated. Therefore, the

increase of x-ray machines is significant to improve or eliminate the weak point of airports. This is the
solution already adopted by several airports for both domestic and International passengers. Particular

attention has been shown to the security border control process, considering that the long waiting time
is unpleasant to passengers at airports where are equipped with limited security facilities especially x-
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ray machine. To provide much shorter waiting time is mandate to airport authorities or governments to
invest in more x-ray machines to expedite passenger handling flow. The better flow will also support on
time performance for airlines and sections at airports. The airport service level will also be highly
improved with faster flow which is beneficial to maximize the terminal space and passenger satisfaction.

Consequently, by the result, airport authorities including Airports of Thailand (AOT) and
Department of Airports (DOA)in Thailand will acknowledge this recommendation and know exactly that
sufficient numbers of x-ray machines are significant to their passenger handling flow. The more x-ray

machines are provided the much faster handling flow is facilitated and served to passengers and
airlines. Then, to either improve the current airport facility or invest in new airports, AOT and DOA should

consider the investment in adequate x-ray machines located security check point in every airport

infrastructure investment project to enable to achieve their quality and satisfactory service guarantee to
passengers and relevant users.
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