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OVERVIEW OF THE INFLUENCE OF LEVEL
OF SERVICE ON THE AIRPORT PASSENGER
TERMINAL CAPACITY

ABSTRACT
Establishing the desired quality of service (QoS)

of the airport passenger terminal in order to improve
operational performance is a challenge for every air-
port. Recent international research indicates a gradual
recovery in air transport and, accordingly, the need to
develop additional transport infrastructure. If the pas-
senger terminal design in terms of infrastructure and
operational capacity is not approached correctly, the
level of service provided to passengers may decline.
This research will focus on how the IATA Level of Ser-
vice (LoS), which is provided to airport users can con-
tribute to the optimisation of the level of service of the
passenger terminal. Additionally, the impact of level of
service on passenger terminal capacity assessment in
relation to the diversity of air carrier business model
will be analysed. Since there is no common link to uni-
formly describe and solve this problem, this paper will
review the relevant literature in the field of passenger
terminal capacity research and will analyse different
approaches to solving this problem with the aim to de-
velop a new unified concept in observing and optimising
the capacity of the airport passenger terminal taking

into account the types of air carrier business models.
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1. INTRODUCTION

Air transport is of immense importance for the
economic development of any country. The air
transport sector consists of a number of stakehold-
ers, the most important of which are air carriers,
passengers and air traffic control, and they all merge
at the airport. It is important to point out that the
way airports operate has changed throughout histo-
ry. In the past, airports were operated by states, and
today many airports have been privatised through
some models, such as BOT (Build-Operate-Trans-
fer). Following that strategy, it enables a competi-
tive way of doing business in the free market while
improving efficiency, service quality and safety.
At the same time, other air transport stakeholders
are undergoing changes in their business strategies.
While air carriers are developing new forms related
to business models, air traffic control is continuous-
ly monitoring and introducing new technologies in
the function of enabling efficient and uninterrupt-
ed passenger transport. In the last few decades, the
continuous demand growth for this type of transport
has led to the undercapacity of airports. The imbal-
ance of the airport capacity provision on the one
hand and demand on the other is the most evident in
aircraft delays, which leads to significant costs for
airports. The emergence of bottlenecks in passenger
terminals is a growing problem, especially for Euro-
pean airports, resulting in a reduction in the LoS [1].
Regarding the service that passengers receive at the
passenger terminal, their expectations are constant-
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ly increasing. Airports must continuously find ways
to achieve a level of service that will be satisfactory
to the passenger.

The latest forecasts include a strong impact of
COVID-19 after which a gradual recovery is pre-
dicted. Domestic and short-distance markets are
expected to recover faster, while long-distance
travel will be the last to return to 2019 demand
levels. International Air Transport Association
(IATA) predicts that the introduction of new solu-
tions to optimise the entire transport process will
be increasingly required in the future and that, ac-
cording to forecasts by IATA, the number of pas-
sengers will reach pre-pandemic levels in 2023 [2].

The airport passenger terminal is a key infra-
structure in which passengers can perceive and
evaluate the airport based on their experience.
IATA's Airport Development Reference Manual
(ADRM) [3-5] states that airports should conduct
regular infrastructure and operational capacity
assessments to identify sources of any problems
with capacity and implement corrective actions.
Accordingly, airport management should proac-
tively analyse and anticipate the need for further
improvement and development of additional air-
port capacity. A systematic review will include
an assessment of the validity of relevant studies
including a careful consideration of the methods
used during the research to synthesise the best ev-
idence for future decision making.

At the global level, airports aim to achieve a
level of service optimum with all its default pa-
rameters, because otherwise there is a reduction
in the level of service quality itself. This research
will provide guidelines for improving passenger
and baggage handling process, considering all the
elements for achieving an adequate LoS based on
the type of air carrier business models.

The paper is structured as follows: in section 2,
it is described how the LoS was established, and it
is explained how the airport terminal facilities are
sized in accordance with the LoS. Section 3 builds
upon problem description — increasing the oper-
ational efficiency of the passenger terminal and
detection of elements/parameters that can increase
it. In section 4, the methods of capacity analysis
of the airport terminal facilities in the passenger
terminal are listed and an overview of significant
research dealing with the capacity problem in the

passenger terminal is given. Section 5 concludes
the key findings of this review and provides rec-
ommendations for future studies.

2. SERVICE QUALITY MEASUREMENT

In the 1990s, the quality of service began to be
increasingly considered in the aviation industry,
while today it is gaining more and more importance.
Baker states: “Quality of service is considered an
essential measure of competitiveness” [6]. The air
transport industry is facing an ever-improving LoS
on the one hand and customer satisfaction on the
other. The quality of service is one of the most im-
portant factors that are being considered in order to
gain an advantage over the competition. It is import-
ant to point out that there are significant differences
between user expectations and perceptions. A key
requirement when defining the quality of service is
understanding passenger expectations. Ostrowski et
al. [7] state that only users can truly define the qual-
ity of service.

In essence, the concept of customer satisfac-
tion is the user's response to the assessment of the
perceived difference between expectations in re-
lation to the actual performance of the service. To
put it simply, customer satisfaction is defined as
the relationship between expectations and percep-
tions (results). It occurs when the perception of the
performance of a particular service exceeds the set
expectations of users [8]. Some of the known mod-
els used to measure user expectations in relation to
perception are VIKOR and SERQUAL [9] which
represent tools for measuring customer’s expecta-
tions and performance perception of the delivered
service. The essence of the mentioned models is in
finding the gap or difference between the expecta-
tions of the user and his perception of the current
service.

Pivac et al. [10] state that customer experience
management is the experience of responding to
the needs of passengers in order to achieve and/
or exceed the passenger's expectations. Airports
are constantly reviewing the services provided to
customers to meet the growing challenges of sat-
isfying customer needs. If elements that increase
passenger satisfaction are identified, including a
timely response, it is possible to increase the air-
port’s revenue. More and more airports are prior-
itising improved passenger service because they
have recognised that quality customer service cre-
ates a positive impact on both the airport and its
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entire community. Although various programs are
available today, such as Airport Council Interna-
tional / Airport Service Quality (ACI-ASQ), which
made it possible to compare its own user experi-
ence with other airports, it is important to note that
there are currently no comprehensive guidelines
on how to improve the overall experience.

The management of each airport aims to under-
stand and accept the factors that drive customer sat-
isfaction and their perception — Key Performance
Indicators (KPI’s) [11]. By obtaining information
on which factors affect passenger satisfaction, each
airport can make certain improvements to its ser-
vices. Knowing the key indicators of passenger sat-
isfaction makes the difference between a medium
and a well-ranked airport. In addition, each airport
must adjust the passenger satisfaction program ac-
cording to passenger needs and circumstances. Air-
port passenger satisfaction surveys [10] have shown
that airport cleanliness, ambience, staff friendliness,
ease of finding way through passenger terminal,
queue length and a sense of security are among the
key indicators of customer satisfaction at airports
around the world. Passengers usually create a per-
ception of the airport after their first interaction with
it (e.g. in person, via the Internet, self-service). If
passengers experience any factor in a negative way,
taking into account that they often do not know who
the actual service provider is, this experience can
have a negative impact on the airport or the air carri-
er. The authors [12] state that the quality of the trav-
el experience is influenced by the travel companions
and the availability of commercial content.

To increase passenger satisfaction, a large num-
ber of airports use different ways of measuring
passenger satisfaction when travelling through a
passenger terminal. Some of the ways to measure
passenger satisfaction with services are: surveys,
scientific research conducted by various institu-
tions, analysis of passenger complaints, etc. Air-
ports are increasingly using social media as a meth-
od of getting feedback from passengers on overall
satisfaction with airport services. One of the newer
ways in which airports can get feedback is senti-
ment analysis. With this method, airports perform
large-scale analysis of large unstructured textual
data sets, on the basis of which key performance
indicators are evaluated. Also, online reviews are
increasingly being used today to help discover
new aspects of service quality. In addition to being
able to detect real-time passenger perception, they

show voluntary feedback from users [13]. Within
the topic of quality, it is important to mention the
ACI-ASQ program, which is the leading method for
measuring passenger satisfaction with the services
provided at the airport. By exploring new ways to
increase the quality of provided services and imple-
menting them, airports can not only retain existing
customers, but also gain new ones.

In general, there is a growing awareness of pas-
sengers about the quality of service, which has been
recognised by air carriers and thus further strength-
ened their competitiveness. Various studies have
been conducted that have analysed the quality el-
ements of carrier services [14—17]. Competition
between Low-Cost Carriers (LCC) and Traditional/
Full-Service Network Carriers (FSNC) is growing
in the global market [18-19]. Many researchers
have examined passengers' perceptions of the quali-
ty of carrier services and noted significant differenc-
es in perceptions between the FSNCs and the LCC
[14, 20, 21].

At the same time, carriers themselves are becom-
ing increasingly aware of the differences in the per-
ception of customers using LCC services compared
to the services of FSNC, so passengers' perceptions
of the provided services are increasingly being anal-
ysed. The objectives of the LCC are aimed at reduc-
ing costs in order to attract cost-sensitive travellers,
while increasing their market share [19]. With the
aim to retain their loyal customers, FSNCs provide
a higher level of service and strengthen their alli-
ances. For the purpose of achieving business sus-
tainability, it is becoming increasingly important to
understand the key differences in perceived service
quality between the FSNC and LCC users [15].

A study conducted by Chiou and Chen [22]
showed that the perception of the service, taking
into account three different classes, has a major im-
pact on the FSNC passengers, while the value of the
service has a large impact on the LCC passengers.
Chou et al. [23] concluded that defining a lower
transport price does not necessarily lead to success
but on the contrary, it can negatively affect flight
safety and also lead to a decline in service quality.
In order to achieve the greatest usefulness of oper-
ational resources and meet the passenger expecta-
tions, it is necessary to constantly review and ac-
cordingly define what the most important attributes
of service quality for each individual model of air
carriers are.
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2.1 Establishment of Level of Service
(IATA LoS)

Motivation to measure the quality of service at
airport terminal facilities emerged due to the need
to improve them. The first research related to LoS
dates back to the 70s of the last century. The Federal
Aviation Administration (FAA) was one of the first
to recognise an insufficient understanding of the re-
lationship between capacity and the level of service.
Shortly afterwards, Transportation Research Board
(TRB) published a study [24] which concluded that
the establishment of LoS standards is crucial in as-
sessing the capacity of each airport terminal facility
of passenger terminal.

A small number of strategic models for passen-
ger terminal operations has resulted by establishing
of the Simple Landside Aggregate Model (SLAM)
[25]. This model has been recognised by future re-
searchers in this field as a very valuable tool for an-
alysing capacity and delays in the airport passenger
terminal.

Within this topic, it is important to mention
when the LoS scale was established and how it has
evolved over the years. In the 1970s, Transport Can-
ada (TC) established the LoS scale (A—F), modelled
on the LoS concept in other branches of traffic,
and applied them to the airport's passenger termi-
nal [24]. Furthermore, in the early 1980s, the term
“Level of Service” was first mentioned in the “Ca-
pacity/Demand Management Guidelines”, issued
by the Airport Associations Coordination Council
(AACC) [26].

When defining the LoS scale, passenger satisfac-
tion is the most often considered, as they are one of
the major sources of airport revenue, so their needs
and requirements are continuously considered. Re-
garding the adjustments of existing facilities, it is
important to understand the current LoS of each fa-
cility (subsystem) inside the passenger terminal to
determine where and how to make improvements.
It can be stated that new terminals are easier to plan
for a certain LoS because the designer is able to op-
timise the flows of a new terminal more easily than
the existing one. Given that changes to terminals re-
quire large investments, it is necessary to be able to
measure LoS to determine whether a particular goal
has been achieved, and finally whether it is justified
from an operational and economic point of view.

The peak load survey conducted by IATA in 1981
resulted in the establishment of standard definitions
for assessing LoS and airport capacity [27]. To set

LoS standards, experts suggested that potential
congestion can be measured depending on whether
the passengers are being processed, passengers are
waiting to be processed or passengers are moving
from one subsystem to another. According to the au-
thor [28], three basic capacity measures can be used
to assess the potential congestion of airport terminal
facilities of passenger terminal: static, dynamic and
sustained capacity, while the Airport Development
Reference Manual (ADRM) [3-5] also states the
maximum and declared capacity.

2.2 Sizing the airport terminal facilities

The sizing of all components of the passenger
terminal is directly related to LoS. Airports must
adapt processes within the passenger terminal and
consider and apply various other parameters such
as LoS recommendations, satisfying the amount of
traffic during peak hours. The author [29] states that
capacity planning must meet the conditions of com-
patibility and flexibility, expandability and modu-
larity. In order for the airport terminal facilities to be
properly dimensioned, it is necessary to have some
experience and advanced knowledge of operating
procedures, with a combination of calculations, re-
search and simulations.

With the aim to improve operational procedures
at airport passenger terminals around the world,
innovative technologies are increasingly being in-
troduced, especially in the emerging circumstances
of pandemics such as COVID-19 [30]. In order to
reduce the physical contact through which the virus
can easily be transmitted, what is being developed
today are contactless technologies such as face rec-
ognition technology (biometrics), applications on
mobile devices that the passenger uses to show the
boarding pass and baggage tag as well as various
sensors to check passenger temperature to identify
potentially contagious passengers.

The first LoS studies date back to the 1970s. In
the year 1987, the TRB conducted a study which
is one of the most significant capacity assessment
studies. This study found that the capacity of any
facility cannot be assessed without defining accept-
able LoS standards, and that there is currently a
lack of initiative on how to do so. Today, the IATA
ADRM is the key document in passenger terminal
optimisation that continuously in its editions pro-
poses new recommendations that many airports use
when dimensioning their capacities.

866
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Since its establishment, the LoS concept has
been based on six categories, from A to F, and after
2014, LoS is divided into four categories: overde-
sign, optimum, suboptimum and unacceptable level
of service [5]. Within these categories, the spatial
and temporal parameters of passenger and baggage
handling process for airport terminal facilities are
presented. The current ‘optimum’ level of service
corresponds to the former ‘C’ LoS. Table I shows
LoS guidelines in which IATA recommends the use
of the optimum level, as it provides the passenger
with a satisfactory level of service while providing
sufficient space at the optimal cost for the airport.

An insight into the table of LoS guidelines shows
that these parameters apply to only one (FSNC) air
carrier business model, which questions whether it
makes sense to apply the same guidelines to all oth-
er models. The guidelines provide a good basis for
a further analysis of the LoS in terms of setting new
parameters within a single passenger terminal tak-
ing into account various space-time requirements
by users of other business models.

It is important to note that IATA, in cooperation
with ACI, following the trends and new technolo-
gies development, is constantly working on recom-
mendations that help airports in optimising and syn-
chronising airport terminal facilities. An analysis of
the literature shows that airports do not apply a cer-
tain LoS standard when optimising their terminals,
because the LoS standard as such has not yet been
adopted globally but is only a recommendation for
sizing airports.

3. PROBLEM DESCRIPTION

The continuous development of airports and the
aviation industry requires that today's passenger ter-
minals be planned and built in a way that provides
flexibility for future changes at minimal cost, while
responding to changes in demand and/or changing
needs of passengers, air carriers and aircraft. The
authors in [31] are among the first researchers to
ask methodological questions when designing pas-
senger terminals. After the establishment of SLAM,
which was the pioneer in the establishment of such
optimisation models, further models are improving
with technological development and are increasing-
ly adapting to passengers. However, although the
application of such models is growing in projects
aimed at improving passenger flow, there is current-
ly no exactly unified model for optimising the entire

passenger terminal system, but various researchers
are using different models to solve this problem [26,
32-37].

In addition to meeting the primary elements of
expandability and modularity, the main elements
still to be considered when building a passenger
terminal are demand/capacity assessment and LoS
efficiency standards [24]. In a broader sense, the
factors that affect the size of the terminal are: the
current and future airport capacity, the aircraft types
that serve the airport and the “peak hour” passenger
flow. Primarily, the capacity of the aircraft serving a
particular airport determines how many passengers
there will be in the passenger terminal. Based on
this, the capacity of the terminal is determined. In
order to achieve maximum infrastructural and op-
erational efficiency of the passenger terminal, it is
important to balance the availability of the capacity
of airport terminal facilities with an adequate LoS.

It has already been mentioned that, when plan-
ning a passenger terminal, it is important to estab-
lish parameters such as waiting time (per class),
and space per passenger for each airport terminal
facility of passenger terminal [38]. What could fur-
ther contribute to the operational efficiency of the
passenger terminal is the additional classification of
spatial and temporal parameters of passenger pro-
cessing (space per passenger, maximum waiting
times, seating capacity occupancy), according to the
IATA level of service, in accordance to the specifics
of air carrier business models.

When analysing the optimisation of the level of
service at passenger terminals, a review of the liter-
ature showed that currently there is no classification
of different levels of service within one passenger
terminal according to different business models of
air carriers, but rather one level is being used for all.
Accordingly, the question is whether it makes sense
to apply the same LoS to all business models of air
carriers and their customers. Do they all need the
LoS optimum? If the level of service for each model
were measured separately, would the efficiency of
the airport passenger terminal be increased?

3.1 LoS optimisation at airport passenger
terminals

The air transport market is based on three busi-
ness models of carriers: the FSNC, LCC including
the hybrid LCC and the Charter Carrier (CC) busi-
ness model. The largest segment of the air transport
market is related to the FSNC business model, but
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the share of traditional flights has changed over
the years in benefit of low-cost flights [39]. The
progression of low-cost carriers around the world
brings a change of conception in the airport busi-
ness model that specifically integrates the require-
ments of low-cost carriers. With the expansion of
low-cost carriers into the air transport market, new
requirements are emerging from the aspect of im-
proving technological processes.

The rise of low-cost carriers requires adapting
the industry to their requirements and needs [40].
A complete understanding of the needs of low-cost
carriers can help airport management provide cus-
tomised services to this growing business model.
Lawton and Solomko [41] found that efficient pas-
senger terminal is the most sought-after require-
ment of low-cost carriers. De Neufville [42] in-
vestigated how infrastructure and airport terminal
facilities are being developed at low-cost airports
and he also identified characteristics that lead to
operational efficiency and reduced services. With-
in this topic, it is important to mention the charter
business model which is characterised by lower
costs, thus directly competing with other business
models of carriers. The paper [43] presents a sim-
ulation model that enables the examination of the
impact of charter passengers on the facilities of
the passenger terminal and enables the assessment
of the level of service offered to them. The litera-
ture [44] considers differences in the patterns of
arrivals of passengers at airports and it has been
observed that charter passengers arrive at the air-
port much earlier than their flight. Also, the afore-
mentioned literature states that the arrival of pas-
sengers in groups leads to discomfort and reduces
offered level of service.

Although traditional carriers have the largest
offer of services, which means better quality of
service, their price is slightly higher. Therefore,
passengers are increasingly deciding for low-cost
carriers whose fare is more affordable, and whose
growth negatively affects the business of network
carriers. It can be stated that due to the increase
of low-cost carriers, their influence on airports is
also growing. There are many factors that will dic-
tate the characteristics of the terminal to be used
by low-cost carriers compared to network carriers.
The new model of services offered by low-cost
carriers, which include a smaller volume of ser-
vices, is changing the traditional look of the pas-
senger terminal. The business model of low-cost

carriers requires short turnaround time and limited
time the passenger spends processing on airport
terminal facilities (dwell time) [24], while the LoS
targets of the LCC are generally below the LoS op-
timum proposed by the IATA. The interior design
of the low-cost terminal will reflect the low-cost
approach. In addition to the above, it can be stat-
ed that the forecast of passenger profiles is very
important for the airport to be able to establish an
adequate terminal design. In this way, the termi-
nal will be able to provide a satisfactory level of
service to passengers, generate sufficient revenue
from this type of passenger and finally achieve
maximum operational efficiency [45].

An analysis of the infrastructure of European,
Asian and American airports, which increasingly
serve low-cost carriers, found that a significant
number of Low-Cost Carrier Terminals (LCCTs)
have been built as a result of the growth of low-
cost carriers worldwide. An example of such a ter-
minal is the Kuala Lumpur International Airport.
The growth of LCCT, as a result of the growth of
the LCC, has led to the concept of fewer facili-
ties in terminals offered to airport users, which is
closely related to the reduction of costs associated
with the development and operation of terminals
[45]. Taking into account the LCC passenger pro-
file, the airport should define the optimal level of
service intended for this type of passenger and in-
clude it in the terminal design.

The author [46] was among the first to predict
the growth of the LCC, and consequently the ad-
aptation of passenger terminals to them. However,
the potential problem of such terminals lies pre-
cisely in different expectations from the aspect of
air carriers, passengers and airport management.
After gaining insight into the research of other au-
thors [42, 45, 46], it can be concluded that there are
conflicting expectations of passengers, air carriers
and airport management regarding the provision of
services to passengers of these types of terminals.

3.2 Making optimal decisions

The concept of queuing system is commonly
used in service delivery systems to ensure efficient
operation of the system. Airport queues require
effective airport management strategies to ensure
better LoS at all components of the passenger ter-
minal. The use of models for queue analysis aims
to describe the process and predict the behaviour
of the system due to changes [35]. Within this
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topic, it is important to mention queuing theory,
which represents an analytical method used by a
large number of researchers when analysing pas-
senger terminal capacity, especially in application
with simulation tools [32, 33, 35]. In order to assess
the functionality of a system, the traffic intensity is
used. It is determined by the intensity of arrivals
and the intensity of service, and is described by the
equation as follows:

p=Mu (1

where p is the traffic intensity, 4 is the intensity of
arrivals, and u is the intensity of service. Passen-
ger arrivals are usually discrete random variables
(they take on a finite number of values) and are ob-
tained, e. g. by counting the passengers. The times
between arrivals are continuous random variables
(they take on any value from an interval or an in-
finite value). Furthermore, the service process
shows stochastic variations, and the probability
or expectation of the average number of passen-
gers being processed is used for this process. The
average number of passengers that can be served
in time ¢ “u” is defined by the service capacity or
the average service time expressed in seconds per
passenger “1/u”. According to [35], for each arriv-
al in a service system, each subsequent arrival oc-
curs after an exponential time with the parameter
A+u and the probability A/(A+u). Based on this, the
probability of service completion and passenger
departure is given as u/(A+u). Also, the following
equations are used to model the queuing theory:

LS:O'PO"'I'Pl+2'Pz+...+n<Pn:,U%l 2)
A AN
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L represents the average number of passengers
in a queue, while P to P, indicates the number of
passenger arrivals in the system. L, in the equation
represents queue length. w, in the equation rep-
resents the average waiting time. W in the equa-
tion represents the average delay time in the sys-
tem. The P, represents the probability that there
are n customers in the system. Any queuing system
in which p>1 is described as an unstable system,
which means that random arrivals are relatively

higher than departures [47]. This means that the
system is overloaded and that the waiting time con-
tinues indefinitely. Unstable queues are most often
analysed using discrete time models or stochastic
models to estimate the performance of a time-de-
pendent system. Differential equations and Monte
Carlo simulations serve the purpose of examining
the time-dependent behaviour of unstable queuing
systems. If, for example, check-in counters at the
airport passenger terminal are taken, in order to
minimise waiting, a larger number of counters can
be put into operation where, as a result, passen-
gers will not wait. Also, only the required number
of counters (100% utilisation of active counters)
can be set. Any service system includes costs in-
curred as a result of waiting and costs incurred due
to incomplete utilisation of service points (in this
case check-in counters in the passenger terminal)
[32]. Figure 1 shows the relationship between the
customer’s waiting cost and service capacity cost.

Cost

Total cost

Cost of service
capacity

Customer’s wait cost

0 Optimum Service capacity

Figure 1 — Service capacity cost vs. customer s waiting
cost [32]

The goal of airport management should be
making optimal decisions in order to achieve max-
imum operational and economic performance. The
emergence of queues at the airport terminal facil-
ities has a major impact on the passenger terminal
operational efficiency. One way to solve the prob-
lem is to determine the optimal number of counters
in order to minimise the total costs (waiting costs
and unused service unit). In order to reduce waiting
and optimise flows in the passenger terminal, aside
from number of counters, the number of security
lanes or the number of gates can be increased. The
ultimate aim of queuing management is to reduce
the total cost of service capacity and the cost of
customers waiting for service, while increasing
customer satisfaction with services at the airport
passenger terminal.
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4. METHODS FOR OPTIMISING
PASSENGER TERMINAL CAPACITY

Designers of today’s passenger terminals at air-
ports have to meet a wide range of different needs.
Although the efficiency and flexibility of the pas-
senger terminal remains a priority, designers must
consider different ways to design and build termi-
nals and environments that support the highest level
of passenger service. All this should be realised in
order to build adequate infrastructure and operation-
al efficiency of the passenger terminal [5, 24]. To
make the passenger terminal operationally efficient,
various security requirements, procedures, needs of
all stakeholders such as air carriers or airport opera-
tors must be taken into account and implemented in
the correct way. Furthermore, airport passenger ter-
minal operability is sensitive to frequent technolog-
ical changes and adjustments of parameters such as
the introduction of regulatory requirements, adapta-
tion to new business strategies, introduction of new
information technologies, etc. These parameters
have an impact on the operational efficiency of the
passenger terminal, so it is important to ensure its
flexibility in accordance with changes, trends and
possible contingencies. When planning a passenger
terminal, designers must also be innovative in ways
of creating areas that increase non-aeronautical rev-
enues [12].

4.1 Methods of capacity analysis of airport
passenger terminals

The complexity of flows during the passenger
and baggage handling process is the most pro-
nounced during peak demand. Given that the inten-
sity of passenger and baggage varies in flows within
the hour, knowing that hourly data on the number of
passengers are not sufficient to design the passen-
ger terminal capacity, various methods have been
developed to calculate the capacity of the airport
passenger terminal. The most common methods
are critical path method, queuing models and sim-
ulation modelling [48]. ADRM [3-5] states that the
most commonly used methods for capacity estima-
tion are, in addition to simulation modelling, direct
observation of the operations and capacity equa-
tions for determining theoretical capacity and LoS
given the traffic volume and available area. Most
of the scientific literature recommends choosing a
simulation method when developing a new concep-
tual design and for estimating the future passenger

terminal capacity. An analysis of passenger waiting
times by Guizzi et al. [33] showed that the total time
passengers spend at the airport is as follows: 48%
of time they spend moving in a traffic flow, 25% of
their time they are waiting, 4% of their time is spent
in doing formalities such as embarkation or process
acceptance and 23% of time they spend on retention
in commercial facilities.

4.2 Existing models and tools

Researchers in this field want to solve the prob-
lem of capacity in air transport in different ways.
Only studies that provide precise and accurate out-
come results were selected. This review will assess
the quality of the included studies, after which con-
clusions based on evidence will be made. The variety
of methods and the presentation of their application
in capacity optimisation can help future research-
ers in making decisions about which method to use.
Given that there is growing number of research in
this field, it is necessary to provide a comprehen-
sive analysis, synthesise conclusions about methods
and suggest the best method. In the following part, a
critical evaluation and synthesis of relevant studies
on a specific topic is made and conclusions based on
the results of the review are given.

Authors [34] were among the first who com-
pared two models for assessing the passenger ter-
minal efficiency. Those are the AIRLAB simulation
model and the SLAM analytical model. The aim of
both models was to analyse airport terminal facil-
ities of the passenger terminal, providing, among
other things, an assessment of the capacity of a cer-
tain airport terminal facility, the ability to process
the maximum number of passengers per hour, and
the level of service of a certain airport terminal fa-
cility in relation to international recommendations
like, e.g. the IATA manual. AIRLAB was one of the
first discrete-event simulation models relating to
departing, arriving and transferring passengers in
passenger terminal, including their baggage. This
model is not a description of a specific terminal, but
can be adapted to model any terminal configuration
by adjusting the parameters appropriately [49]. This
model emphasises flexibility in defining and apply-
ing alternative operational policies in the terminal
and in modelling passenger behaviour. It provides a
graphical display of the LoS achieved on each air-
port terminal facility over a period of time and an
animation of the work within the terminal. SLAM
is a model that extracts the necessary inputs from
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statistics that are usually collected by each airport.
The analysis usually refers to peak hours and this
model uses an equation that can be applied to any
airport terminal facility, as follows:

Area
AP-ADT (7)

where /oS represents the Index of Service (IoS) for
a particular airport terminal facility, Area refers
to the area of a particular facility, AP denotes the
number of arriving passengers within a peak hour,
while ADT represents the average “dwell” time a
passenger spends on an airport terminal facility. The
above-mentioned formula can be used to obtain re-
sults very easily, and at the same time, it represents
a precise method for obtaining the LoS of the space
of each facility. For example, if the area in front of
the check-in covers 1,300 m2, the number of arriv-
ing passengers at the check-in during the peak hour
is 3,300, and the average dwell time is 0.15 (hours),
then the IoS for that facility is 2.62 (m? per pas-
senger), which means that the corresponding LoS
is Over-Design. This research paper is extremely
important because the authors, with their research
and approach, “opened the door” for other research-
ers in terms of LoS and capacity research. The main
disadvantage of the simulation method (AIRLAB)
lies in the amount of computation time, which is
not surprising considering that the model is based
on a low-budget platform characteristic of the time
when the research was done, in 2001. In accordance
with that, the results are shown in a visual way very
concisely. The greatest advantage is manifested in
the flexible application of the model to various air-
ports. Considering the year of publication of this ar-
ticle, and the parameters that the authors took into
account when modelling the terminal, such as pro-
cessing times or waiting times, it can be concluded
that the authors detected important parameters well.
Looking at today's parameters that are considered,
they have not changed to a greater extent. Although
both the AIRLAB and SLAM model the airport ter-
minal, they describe different needs and can be con-
sidered complementary [34].

The author [35] created a simulation model using
the SimEvents toolbox in MATLAB for the imple-
mentation of analytical models, which was devel-
oped in previous research, for the queuing process
at the check-in. The model was developed on the
basis of air travel demand data from two airports
(Manchester and Leeds-Bradford) in the UK for
model validation. Differences in Simulation Mod-
el (SM) and Analytical Model (AM) outputs were

loS =

attributed to variations in discrete time events, and
related to average queue length, average number of
arrivals, average waiting time and throughput. The
use of a simulation model aims to describe the pro-
cess and predict the behaviour of the system due to
changes. The research concluded that the simulation
results are desirable and recommended to airport
managers because they are more realistic since they
are based on discrete time analysis. In this research,
a combination of simulation and analytical methods
was also used, but the fundamental difference com-
pared to the work [34] is in the description of the
methods and the interpretation of the results, which
are explained in detail. Various elements such as
variations in discrete time events that depict reali-
ty are taken into account, therefore providing more
reliable results, which older papers [34, 50] did not
take into account. The authors consider and simul-
taneously recommend this article for researchers
dealing with this issue. The inputs are precisely de-
fined (taking into account stochasticity, variations),
and the outputs and visualisation of the results are
well structured, which makes it easier for the reader
to follow the paper. The shortcoming of this paper
is that it only deals with check-in counters without
considering the Common Use Self Service (CUSS)
that is being increasingly used today.

Considering the new trend present in airports
and that is the introduction of new technologies, the
authors recognised their importance and decided to
go one step further. The authors in [32] presented
a simulation-based optimisation method that takes
into account only the operation of an unmanned
system such as self-check-in kiosks and automatic
immigration screening. The model was developed
by using the ARENA simulation and modelled by
using the queuing theory. They created a simulation
of the passenger terminal on self-check-in systems,
in which the model settings were described in de-
tail, and they clearly presented the research results
and what they determined. The negative aspect of
this work is manifested in the inaccuracy of the data
since the values of the data on passengers are arbi-
trary. In accordance with the above, it can be con-
cluded that a high degree of relevance has not been
achieved and it is necessary to collect more detailed
data (processing times, queuing times) in order to
obtain more reliable results. In conclusion, the au-
thors consider that airports can use the results of
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this research to create a plan for the establishment
of self-service systems (through which a conclusion
about the success of the research can be made).

In their paper [33], the authors developed a simu-
lation model that can predict the delay (by using the
ARENA software) based on the theory of discrete
events. This model takes into account the available
capacity and the fact that the number of passengers
depends on the day of the week and the time of day,
and on the different and unpredictable behaviour of
passengers. The importance of this model lies in the
ability to define at any time of the year, depending
on the amount of traffic at the airport, the optimal
number of check-in counters that will be sufficient
to check all passengers in accordance with planned
flights, while ensuring a satisfactory level of ser-
vice for departing passengers. The present paper
is written similarly to other papers in this field and
presents the issue of queue management in the pas-
senger terminal in a systematic and comprehensive
way, taking into account additional parameters such
as passenger behaviour and the number of passen-
gers per day of the week. One of the advantages of
the analysed paper is that it has good traceability,
i.e. the research results are presented in a logical
and comprehensible manner, and less knowledge-
able readers can easily follow the course of the pa-
per. The authors fulfilled the purpose of the research
and confirmed by the obtained simulation that con-
gestion is reduced by reducing waiting time. In this
way, QoS to users (air carriers and passengers) is
simultaneously increased and airport costs are re-
duced. By providing flexibility to the configuration
and operational characteristics of a wide range of
passenger terminals, the model described in this
paper provides quality analysis and results and ad-
vances research in this field.

The doctoral dissertation [26] deals with the
time that passengers spend processing or waiting
in the airport terminal facilities, on the example of
the passenger terminal of Franjo Tudman Airport in
Zagreb. Based on the analysis and obtained data, a
model was created that helps to optimise the capac-
ity of the passenger terminal in relation to all three
main models of air carriers taking into consider-
ation its maximum usage during peak hours. The
author also developed an application for optimising
airport capacity and negotiating with carriers. The
present doctoral dissertation provides very detailed
analysis of each segment of the passenger terminal
traffic flow at the airport. At the Franjo Tudman

Airport, the existing infrastructure capacities were
tested, on the basis of which new technical, techno-
logical and capacity solutions were proposed. The
model, which is part of the invented and verified
Airport Management Strategy Software (AMSS)
application, solves this problem by first determin-
ing, through various traffic and economic parame-
ters, what the operational capacities of the airport
are, what the LoS that can be provided is and how
the airport can make maximum use of its capacities.
The contribution of this research is manifested in
the applicability of this model (developed applica-
tion) to various airports, and it is also a recommen-
dation by the author for future researchers in this
field, particularly for researchers who examine LoS
in relation to different air carrier’s models.

The scientific paper [36] analysed the passenger
terminal capacity of Ulenurme Airport in Estonia.
The conducted research determined the specifics
and possibilities of the regional airport for optimis-
ing the capacity of the passenger terminal in order
to provide the service at the desired level. The result
of this research can be used as a basis for modelling
regional airport terminals. In addition to the above,
possible measures to increase the capacity of the
regional airport were also offered. The observation
method used by the researchers is somewhat more
simplified than other methods, but for this very rea-
son it can be a good example of how to optimise the
capacities of passenger terminals in a simpler way,
without using more complex simulation and analyt-
ical models. This research uses direct observation of
the operations and capacity equations for determin-
ing theoretical capacity and LoS given the traffic
volume and available area and is recommended by
the authors when considering the airport's capaci-
ty optimisation possibilities. It can be stated that it
represents a scientific contribution in terms of opti-
mising the passenger and baggage handling process.

The scientific paper [37] proposes an optimisa-
tion model that determines the optimal number of
check-in counters and security control units in or-
der to minimise the costs. The model estimates the
cost of check-in counters and security control units
while estimating the level of passenger satisfaction.
At the same time, the simulation model reproduces
the actual scenario of terminal operation and pas-
senger behaviour and calculates the cost side value.
The tests were conducted on a case study of Napoli
Airport, Italy. This is a preliminary study and the
solution is applicable to only one carrier. The end
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result could be useful for optimising the existing
passenger terminals (departing passengers), but also
for estimating the capacity of a new passenger ter-
minal for a new airport. This scientific paper pres-
ents an interesting and somewhat different approach
to the optimisation of the passenger terminal, which
combines different methods. The shortcoming of
this research is primarily manifested in the applica-
tion to only one air carrier, which is justified by the
statement that it is a preliminary study. In any case,
the authors consider that the paper is a good basis
for future research and can serve as a high-quality
and comprehensible example of how to determine
the optimal number of check-in counters and con-
trol units and how to minimise costs. The reviewed
paper provides quality analysis and results and ad-
vances research in this field.

The University of Mathematics and Statistics
(Ontario, Canada) has developed a linear program-
ming model that reduces the total operating hours of
the check-in system, ensuring a satisfactory level of
customer service [50]. The result of this alternative
method shows a significant improvement in the per-
formance of the passenger terminal as it allows for
shorter queues, reduces waiting times and increas-
es the percentage of satisfied users. As part of this
paper, a sensitivity analysis on changes in the pas-
senger’s number and service rates was performed.
The stated method tries to achieve the best outcome
in a mathematical model whose conditions are ex-
pressed by linear conditions. The authors consider
this method very useful in cases of achieving given
conditions, for example maximum profit or mini-
mum cost within the passenger terminal.

Table 2 shows a comparative view of the meth-
ods that were used for the purpose of optimising the
passenger terminal with the stated contribution of
each research.

Different approaches are certainly preferred de-
pending on what exactly is to be achieved and in
what way. Accordingly, an overview of different
methods was given, and conclusions and recom-
mendations were made to guide future researchers
in using certain methods when optimising capacity.
With the given review and its ranking, the authors
wanted to point out the variety of methods that can
be applied to optimise the passenger terminal. By
comparing the implemented methods in the anal-
ysed papers, it can be concluded that the simulation
models showed the highest accuracy (reliability).
Conducting simulations at airport terminal facil-

ities, and especially on self-service systems, is a
very topical and demanding field. Although today's
models have improved and are increasingly adapted
to users, many researchers are still working on de-
veloping new models, following the situation and
trends in the market, which will help optimise the
business processes of passenger terminals. In that
regard, the benefit of this paper, which provides an
overview of developed models in this field, is also
obvious.

An analysis of the papers identified that similar
input parameters (service time, numbers of servers,
etc.) were used when setting up the model, while
more recent papers consider additional parameters
such as variability and stochasticity. Also, it was no-
ticed that some authors used arbitrary data, which
negatively affected the paper's relevance. Follow-
ing those mentioned above, the author's recommen-
dation is to collect accurate data in order to obtain
more reliable results. By comparing the scientific
articles, it can be determined that various authors
combine several methods precisely to achieve the
highest accuracy. Based on the insight into the re-
sults of the conducted research, the authors of this
article concluded that the combination of simulation
and analytical methods is the most desirable one,
considering that the mentioned combination can
achieve the highest accuracy when defining capac-
ity and simultaneously improve LoS. Simulations
in scientific and research papers are used in such
a way to perform a large number of experiments,
that is, to change certain input parameters and ob-
serve the effects they cause. The main advantage of
simulation is the possibility of processing a large
amount of data in a relatively short time and repeat-
ing the procedure with different input parameters.
In accordance with the recommendations of most
of the professional and scientific literature, bearing
in mind numerous advantages, simulation models
are widely used in passenger terminal modelling.
The authors consider that using different methods is
an excellent way to assess an airport terminal. The
shared use of two models, one of which must be
based on simulations, can provide all the informa-
tion needed to develop a correct and accurate analy-
sis of any airport. As the airport terminal flows and
its processes are complex, there is no one unique
methodology or solution which will fully optimise
its operations. Due to that, the author recommends
using more complex methods, including a combina-
tion of several methods, to obtain greater accuracy
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and reliability. For smaller airports with less traffic,
it is always possible to use a simpler approach, such
as direct observation of operations and the termi-
nal capacity equation. Some of the more signifi-
cant simulation tools that need to be mentioned are
ArcPORT and CAST. These tools offer solutions
that facilitate investment optimisation and reduce
the passenger terminal operating costs and are cur-
rently one of the most commonly used in the ap-
plication of such solutions at airports. These tools
provide a platform for analysing and visualising the
flow of passengers, aircraft, baggage and cargo to
various users within the airport infrastructure such
as airports, air carriers, air traffic controllers and
other civil aviation authorities.

Within this topic, it is important to mention the
Quality Function Deployment (QFD) tool, which
was considered an effective tool for continuous ser-
vice improvement, quality planning and decision
making. QFD is a useful tool for identifying, pri-
oritising and integrating user needs into its design,
which is of great help to airport management when
planning airports [51]. With the help of the QFD
method based on the Fuzzy methodology, the pa-
rameters of strategic airport design can be evaluated
in order to meet the service expectations of individ-
ual business models of air carriers. The authors in
[52] process/evaluate the parameters of the strategic
design of airports in Thailand through the integra-
tion of the LCC needs using the QFD method based
on Fuzzy.

Changes in the share between business models
and changes in air carrier strategies affect the deter-
mination of the optimal relationship between a satis-
factory level of service within passenger terminals,
which directly affects airport business. It is realistic
to expect that in the future, airports will increasing-
ly adapt their own infrastructure to the requirements
of different business models. Therefore, it is neces-
sary to understand the needs and requirements of
each business model in order to achieve maximum
efficiency within a single passenger terminal. The
literature review shows that low-cost and charter
carrier impact on airports in terms of the level of
service has not been sufficiently researched.

In conclusion, forecasts of future demand for
air carrier business models facilitate strategies/
business models and long-term airport develop-
ment. Previously, traditional regression analysis
techniques have been used to predict air transport
demand such as [53-55], but in recent years, sug-

gested artificial intelligence prediction techniques
such as genetic algorithm (GA) and artificial neural
networks (ANN) [56-58] can be found in the liter-
ature. Artificial intelligence models have proven to
be more powerful and have greater predictive power
than traditional statistical methods. Given the grow-
ing importance of LCC for the global market, it is
necessary to ensure an accurate and reliable forecast
for them and determine the need for more LCC and
capital investment. Accurate forecasts strengthen
airport management in planning and making deci-
sions for the future.

5. CONCLUSION

Lack of airport passenger terminal capacity is be-
coming an increasingly important problem due to the
continuous passenger traffic increase. Capacity is the
most important parameter of a passenger terminal,
which shows in what condition it is, what its poten-
tials are, and also what its shortcomings are in terms
of bottlenecks or lack of capacity. Therefore, airports
are constantly trying to optimise their infrastructure
capacity. It is important to balance the availability of
capacity of airport terminal facilities with an adequate
LoS in order to achieve passenger terminal capacitive
and operational efficiency. This paper shows how the
LoS has been established and how it has improved
over the years. An evaluation of the quality of the in-
cluded papers was given after which conclusions and
recommendations were made.

In recent decades, various methods have been de-
veloped that optimise the passenger terminal capacity
and focus on the passenger needs. Furthermore, it is
important to point out that the efficiency of the termi-
nal cannot be assessed only by operational approach,
but other parameters such as passenger processing
time, ambience and comfort, ease of wayfinding,
available space per passenger and other parameters
affect consideration of service quality. Although
there is no globally adopted LoS standard, the LoS
recommendations given by IATA are used by most
airports. IATA's LoS concept takes into account the
most important factors influencing the understanding
of the level of service, which IATA is continuously
improving in terms of defining possible new param-
eters and space-time values of existing parameters.

There are various methods by which the capacities
of airport terminal facilities in the airport passenger
terminal can be dimensioned, such as network mod-
els, queue models and simulations. However, most
of the literature mentions the choice of simulation
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method for assessing the efficiency of the LoS for
existing terminal, i.e. for assessing when certain con-
tents of the terminal will no longer meet the demand
at the acceptable LoS. Airports should conduct regu-
lar capacity assessments to identify sources of capac-
ity problems as well as provide appropriate solutions.
There is no universal method for solving the problem
of the available airport passenger terminal capacity,
so it is necessary to use and try to solve the problem
with different methods and techniques. Furthermore,
given the forecasts that predict a gradual recovery in
air transport at the global level, it can be conclud-
ed that the application of the level of service in the
optimisation of the airport terminal facilities will be
relevant in the future.

The paper offers an overview of significant liter-
ature with the topic of the passenger terminal pro-
cess optimisation. The systematic review included an
assessment of the validity of the studies, including
a careful consideration of the methods used during
the research, and finally, guidelines for future deci-
sion-making were adopted. The diversity of methods
was analysed, where they were ranked, and their ap-
plications in capacity optimisation were presented,
which can help future researchers in making deci-
sions about which method to use. By comparing the
applied methods in the analysed works, it can be con-
cluded that the simulation models showed the highest
accuracy (reliability). The authors consider that the
use of different methods, one of which must be based
on simulations, is the best way to evaluate the airport
terminal. Future research should provide answers to
whether it is possible to improve the efficiency of the
terminal if an additional classification of space-time
parameters of passenger processing is made accord-
ing to the specifics of air carrier business models.
The review of relevant papers dealing with solving
the problem of passenger terminal capacity aims to
develop a completely new concept in the observation
of passenger terminal capacity.
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PREGLED UTJECAJA RAZINE KVALITETE
USLUGE NA KAPACITET PUTNICKOG
TERMINALA ZRACNE LUKE

Uspostava zeljene kvalitete usluge putnickog termi-
nala zracne luke u cilju poboljsanja operativnih perfor-
mansi predstavlja izazov za svaku zracnu luku. Recentna
medunarodna istraZivanja u zracnom prometu ukazuju
na postupni oporavak zracnog prometa i u skladu s time
potrebu za razvojem dodatne prometne infrastrukture.
Ukoliko se dizajnu putnickog terminala u smislu infras-
trukturnog i operativnog kapaciteta ne pristupi ispravno
moze doci do pada razine kvalitete usluge koja se pruza
putnicima. U sredistu ovog istrazivanja bit ée prikaza-
no kako uspostava razine kvalitete usluge definirana
od strane IATA-e moze doprinijeti u optimiranju razine
kvalitete usluge putnickog terminala, te ¢e se analizira-
ti utjecaj razine kvalitete usluge na dimenzioniranje
kapaciteta putnickog terminala u odnosu na raznolikost
poslovnih modela zracnih prijevoznika. S obzirom da ne
postoji zajednicka poveznica, kojom bi se taj problem
Jjednolicno opisao i rijesio, u ovom radu bit ¢e dan pre-
gled relevantne literature iz podrucja istrazivanja kapac-
iteta putnickog terminala, te ¢e biti analizirani razliciti
pristupi rjesavanju navedenog problema koji za cilj ima
razvijanje novog unificiranog koncepta u promatranju i
optimiranju kapaciteta putnickog terminala zracne luke
uzimajuci u obzir vrste poslovnih modela zracnih prije-
voznika.

KLJUCNE RIJECI

zracna luka; putnicki terminal zracne luke; razina
kvalitete usluge (LoS); kapacitet putnickog terminala;
dimenzioniranje sadrzaja, optimizacija.
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