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Abstract

The increase in air transportation demand implies challenges on airport ground access. Using private transportation mode to reach
the airport is a typical practice which results in the vast demand for parking facilities. These facilities are located farther from the
terminal, increasing the access time. This research aimed to develop the concept of an advance airport Personal Rapid Transit (PRT)
that connects parking facilities to the terminal as a shuttle service, and provides on-board integrated flight-related services, such
as check-in and baggage handling. The system architecture and operational models were developed, thus all relevant components
and functions were identified, especially focusing on information management tasks. A questionnaire survey was performed and
conducted at Budapest Airport to reveal the user expectations towards an advanced PRT service at the airport. Moreover, a layout
selection method was developed which was applied to Budapest Airport as a case study. The proposed PRT service provides a seamless
transit by access to airport terminals from remote parking facilities conveniently and the time consumption of flight-related activities

is significantly reduced too.
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1 Introduction
Airport accessibility is a key factor that influences the air-
port choice of travelers [1]. It determines the perceived
quality of the entire flight. The private or public mobil-
ity forms are selected by the evaluation of various factors
based on user preferences. The disadvantage of private car
usage is that parking at the airport is time-consuming, find-
ing an appropriate parking space with reasonable distance
from the gate can be frustrating, as well as car storage
near the terminal is expensive. As air travel performance
is increasing, the needed space for parking is multiplied.
The large long-term parking areas are usually located far
from the terminal which results in long walking distances.
Nevertheless, air travelers often prefer to access the airport
with private transportation because it offers a door-to-door
service, more comfort, and easier baggage transfer.
Different solutions, such as shuttle bus service, have
been implemented to solve connection problems relating to
farther parking places from the terminal. However, these
solutions could be sometimes uncomfortable due to unsat-
isfactory circumstances (e.g. waiting in a stop without
shelter, insufficient capacity, excessive noise, emissions)

and may require long waiting times (e.g. waiting for
another passenger in order to achieve a sufficient passen-
ger occupancy load).

Serving the transit demands of individual air travelers
that use the parking facility in the airport does not require
a high capacity transit system. That is why PRT (Personal
Rapid Transit) is more compatible and was chosen for fur-
ther analysis. The PRT system is a type of transit system
that contains a fleet of small, mostly electric and auto-
mated vehicles capable of transporting a small number of
passengers that vary from one to six [2, 3]. An advanced
PRT system would revolutionize the purpose of automated
transit services at airports by not just providing mobility
but also delivering flight-related services to passengers
while onboard a PRT vehicle. These services are security
screening, baggage processing, check-in, and ticketing.
Inthis research, our main aim was to develop the system
concept of the advanced airport PRT. Moreover, further
aims were to reveal the general expectations of air passen-
gers towards an advanced airport PRT service and elabo-
rate a layout selection method.
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This paper is structured as follows: Section 2 reviews the
relevant literature. Section 3 summarizes the concept of the
advanced PRT; the system model and the functional model
have been proposed to determine the main data groups
and data flows of the information management processes.
Furthermore, the advanced PRT is compared to other air-
port ground access mobility forms. Section 4 describes the
questionnaire survey and the user expectations resulted
from it. In Section 5, the layout selection method is intro-
duced and demonstrated at Budapest Airport (BUD).
The paper is completed by the concluding remarks.

2 Literature review

Accessibility is one of the key aspects for assessing
a mobility service. A service is more attractive if door-to-
door mobility is provided [4]. In the case of air travel, only
door-to-curb travel can be considered; access and egress
travels are needed. As, in normal circumstances, the vol-
ume of air traffic is continuously growing [5], the need for
better ground access is necessary. A study shows if the
level of airport accessibility rises by 1 %, the passenger
traffic will increase by 2 %, and the competitiveness of the
airport will be significantly improved [6].

Airport ground access can be classified into three
categories:

* private vehicles,

* transit services and

» non-motorized modes (e.g. walking).

The reliability of airport ground access modes (such
as punctuality) was found as one of the key aspects [7].
Additional influencing factors for choosing airport ground
access mode are as follows: the trip distance, type of flight
destination, flight ticket price, vehicle ownership, employ-
ment status, travelling group size, location of the trip ori-
gin with respect to public transit influence, and the time
difference between the flight time and departure time [8].
Anderson and Sullivan [9] ascertained that the perceptions
of service quality affect satisfaction which affects loy-
alty and post-purchase behaviors. Expectations towards
a transfer service are the following: timesaving, flexible,
comfortable and cost-effective. The modal share of airport
ground access highly depends on the availability of good
public transport connections. Usually, airport ground
access by public transportation has longer travel time sig-
nificantly and a smaller service are when compared with
access by car [10]. However, if the speed and travel time of
public transport is good, it is chosen by the travelers [11],
even if they spend more money for express service [12].
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Though parking spots are located farther from the termi-
nal in general, private car use is significant. The private
car is the most used as it is perceived as the one offering
more comfort, convenience, personal security and reliabil-
ity [13]. Furthermore, a car is chosen with a higher possi-
bility if travelers use a car in everyday commuting [14].
At large airports, it is estimated that private cars account
for 65 % of ground access journeys. While this trend can
be as high as 99 % at smaller regional or secondary air-
ports, that typically struggle to support regular public
transportation services [15]. The aim of the European
Commission is to reduce the intra-European travel chain
time to four hours. For that, airport access and egress times
must be reduced. Currently, the speed of public transport
is the lowest. Therefore, passengers with a higher value of
time, including business travelers, for example, are more
likely to access the airport by car [11]. For them, the access
time can be further reduced with a good shuttle service
between the parking facility and terminal.

Notwithstanding the cost of damage caused by CO2 per
trip by car usage is high, the pollution caused by car users
who park at the airport is lower than that of a taxi, minibus
or 'drop off and pick up' users [16]. However, it is widely
accepted that car use should be decreased if the aim is to
create a green and sustainable airport [17, 18]. The CO2
emissions per passenger km on public transport are par-
ticularly the lowest [16].

Notonly the walking distance to the terminal can be high
with the use of a private car, but the distance that needs to
be covered inside the terminal. Although, the main objec-
tive of the airport terminal is to connect the ground access
system and the aircraft [19], terminals are also developed
for hospitality management (bars, restaurants, accommo-
dation, shopping areas) in order to improve user satisfac-
tion [20]. An airport terminal should consist of a ground
access interface, a system of components for processing
passengers and baggage handling, airport administration,
as well as operations and maintenance. These necessary
functions increase the walking distance.

Airport transit systems are dynamic because the demand
and processes vary in time. Focusing on walk distance
reduction at airports, an on-demand and energy-efficient
shuttle transport service is to be provided. This ensures
a secure and barrier-free way for the vehicles, moreover,
reduces environmental impact. Currently, shuttle bus ser-
vices are operating to connect remote parking facilities
and the terminal (usually with fix stop points and timeta-
ble). However, an automated system is more appropriate to
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satisfy this fluctuating demand because of minimal human
interaction. For instance, drivers' work regulations do not
have to be considered and smaller headway can be provided
by automatic acceleration, braking, and control. When
comparing public transportation and private vehicles with-
out automation, the cost of private vehicle is always lower
than with public transportation modes, automated vehicles
affect the competitiveness of public transit [21].

Automated transit systems vary in shape and size, oper-
ational method, source of power and type of guideway as
shown in Table 1.

Automated People Mover (APM) is a type of tran-
sit system in which vehicles are automatically controlled
over exclusive guideways. The monorail is a term used
to describe a form of people mover whereby all vehicles
run above or are suspended below a single rail or beam.
Automated Light Rail Transit (ALRT) is similar to their
non-automated counterparts, except that they are fully
driverless and are mostly powered by overhead electrical
wires. Transit systems such as the Monorail and ALRT
have higher capacity and can serve higher travel demand.
The concept of PRT was introduced in 1953 as a result
of research on alternative transportation modes. The first
implementation of the system was at West Virginia
University between campuses. It was called the Automated
Group Rapid Transit system [23]. The Group Rapid Transit
(GRT) and the Personal Rapid Transit (PRT) services are
similar types of transit systems but the GRT serves a larger
group of passengers and it is more often timetable-based.
PRT vehicles are intended for the private use of a 'party’
(traveling companions, i.e. a small group typically 1 to 6
passengers riding together by choice). The typical vehicle
has maximum capacities of between three and six passen-
gers, all seated. The stations are mostly off the guideway
and the network usually includes extensive branching of

Table 1 Comparison of automated small and middle capacity transit
modes (based on [22])

Monorail LRT GRT APM PRT
Capacity >100 >100 8-20 20-40 3-6
Service timetable time- mostly time- on-
frequency table timetable table demand
Operating 0138 upt029 upto29 wpto22 upto 15
speed [m/s] P P p P P
. suspended . . . .
Guideway rail rail rail rail/road rail/road
Vehicle electric- dlese'I / electric-  electric- clectric/
type owered clectric- owered owered battery-
yP p powered p p powered

lanes (i.e. a lane that connects to the station and the main
lane without connection to the station). The guideway is
elevated, located at ground level or underground. The ser-
vice is available on-demand 24 hours a day rather than on
fixed schedules. The vehicles can switch from lane to lane
and carry the passengers from their origin station to their
destination station without intermediate stops [24]. Any of
the guideway options can be implemented with the objec-
tive of capital cost reduction, obstacle avoidance such as
building entrances, driveways, street intersections, under-
ground barriers and most importantly to satisfy passenger
and community needs and their preferences [25].

As the demand from parking to terminals is uneven,
aservice with a fixed timetable is not suitable. Furthermore,
high capacity solutions such as APM are unnecessary.
Based on just guideway costs, the use of small vehicles
traveling at short headways is a trend to be encouraged.
The headway can be reduced to minimize the waiting time
and hence on the increase the patronage of the service [25].
That is why PRT service is recommended for implement-
ing at airports providing shuttle service. The application
of PRT at airports was already investigated in 90". Poor
and Steward [26] assessed the application of PRT for
Seattle-Tacoma International Airport. They found that the
financing issues and the lack of community support for
the new automated technology are the main drawbacks.
Muller [27] introduced a concept for the application of
PRT at airports remote parking facilities to the airport ter-
minal. After the comparison of PRT and APM, PRT was
proved to be more efficient for shuttle service. In Muller's
concept the security checking and baggage control were
included at the shuttle service. In 2015, a prototype appli-
cation of an airport PRT was implemented at the Heathrow
airport, known as the ULTra (Urban Light Transport).
The estimated mean passenger time saving for Heathrow
is 8.4 minutes, or 60 % of current transfer times [28].
The ULTra has proven to be efficient as it currently runs
between Heathrow Airport Terminal 5 and parking facil-
ities. In addition, shuttle bus and PRT service attributes
were compared to decide whether shuttle bus or PRT ser-
vice should be implemented in Greenville-Spartanburg
International Airport [29]. The 30-year life cycle estima-
tion showed that PRT is more prosperous from both pas-
senger side (reduced travel time, on-demand) and oper-
ational side (reduced operational and maintenance cost,
reduced CO2 emission). The net present worth (life cycle
revenues minus costs discounted for inflation) of the PRT
solutions is slightly higher than the bus solutions.



In conclusion, airport ground access is an up-to-date,
relevant topic. Researchers mostly focus on the modal
share, travel time reduction and energy-efficient airport
ground transfer. Though the general aim is to motivate the
modal shift to public transport use, the current trend is that
private car use is significant. That notwithstanding only
a few pieces of research focus on the shuttle services for
private car users. These papers highlight the efficient use
of PRT service for connecting remote parking areas and
terminal. However, the papers mostly considered the PRT
service as a simple shuttle service without any advanced
flight-related functions or the flight-related functions were
mentioned on a superficial level. Moreover, the system
planning principles considering passenger expectations
of advanced PRT service has not been elaborated yet.
Accordingly, a clear research gap can be identified as how
the PRT service can be applied at airports with advanced,
flight-related functions.
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3 Concept of advanced PRT service

The system framework for the advanced PRT service was
elaborated in order to reveal the information management
components (subsystems) and the connections between
them. Furthermore, the functional model was developed
to identify the main tasks of the PRT system. The top
to bottom approach was applied, firstly the subsystems,
then the connections, and finally, the functions have been
investigated, respectively.

3.1 System model

The elaborated system architecture is presented in Fig. 1.
The components are connected to each other; data are trans-
mitted between them. Accordingly, uninterrupted telecom-
munication is a major condition of the system. The data
flow connections are illustrated by arrows. The numbers
on the arrows represent the functions (The list of functions
is given in the next section.). One number may be indicated
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Fig. 1 System architecture with functions
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on several arrows if more than two components cooperate
for one function. The hardware and technology elements
are also shown in the figure. The following main compo-
nents are distinguished:

A.smart passenger,

B. integrated airport management center,

C. PRT vehicle,

D. smart stop,

E. smart track,

F. PRT operator.

A. Passengers may use their smartphone to open the
website or mobile application to obtain the right to gain
access to the PRT service and to pay for it. So, the require-
ments for their cognitive capabilities are minimized. They
may also order and pay for the service at the 'PRT station'
(smart stop) using a ticketing machine.

B. The integrated airport management center manages
the service (e.g. demand-capacity coordination) as a core
element. The airport landside and airside operations,
especially flight-related services, are integrated. The air-
port inbound flight traffic is monitored, and the demand
is predicted and managed accordingly. The PRT vehicles
are coordinated by the center, which is responsible for the
planning, disposition, and control process of PRT vehicles.

C. The PRT vehicle runs on a smart track, senses the
environment via sensors, processes the input data, and
sends data to the management center(s). The system is
rail-based and the vehicles are powered by a static (sta-
tion-based) or a dynamic (along with the track) charging
system. As vehicles are unmanned, several devices for pas-
senger handling and information provision are installed in
the vehicle. The PRT vehicles are connected to the man-
agement centers and stops (V2I) and to each other (V2V).
Each vehicle is equipped with vandal-resistant materials,
communication systems, emergency buttons, and primary
ventilation system, also hardware elements for flight-re-
lated services. For instance, a touch-screen monitor is
applied for checking-in, initiating the baggage check-in
or serving special requests. Additionally, a locker box is
installed for baggage handling.

D. Smart stops are equipped with advanced technol-
ogy devices to enhance passenger experience and physical
comfort. Accessibility for disabled persons is considered
and supplementary services are provided. For instance,
a bar code reader can be installed at the smart stop that
gives the passenger access to the PRT vehicle. Some
smart stops are equipped by off-line guideway to (un)
load and store the PRT vehicles when they are not in use.

Additionally, security checking can be introduced at
boarding stops; however, deploying security facilities and
providing security staff at every stop are quite resource-in-
tensive. Accordingly, security checking is proposed to be
provided at the final station.

E. The smart track is equipped with various sensors
and devices to collect and send operation-related data such
as PRT vehicle position or to improve traffic safety [30].
The smart track detects foreign objects that may affect the
operation and initiate emergency interventions.

F. The PRT operator is contracted to maintain and repair
the PRT vehicles and smart track as well as to implement
a smart-track control timely to measure the gauge and
irregularities in cross-level, longitudinal level, and line.

However, to handle certain flight-related services, part-
ner service providers should be involved. For instance,
the baggage checked on-board in a PRT vehicle should be
unloaded and taken from the PRT stop to the flight in
a secure way right on time.

Moreover, two-way data transmission between the
integrated airport management center and the integrated
transportation management center may be incorporated
into the system to deliver information about public trans-
portation connections, including traffic updates. Intensive
cooperation and data transmission between them are
essential to provide real-time and forecasted information.

3.2 Functional model

The functions are represented in Fig. 2. The task of a com-
ponent in each function is presented by a box. The same
letters and numbers were used as in Fig. 1 to indicate the
components and functions. The functions have been cat-
egorized into phases of the ride (before, during and after)
and a supplementary phase.

Before the ride:

(1) Passengers set travel parameters (departure, desti-
nation, number of passengers, baggage handling, etc.) on
a mobile application, or on interactive touch screen mon-
itors installed at smart stops. All kinds of travelers (reg-
ular users, occasional users, and visitors) may select the
travel parameters on the spot. The input data from the pas-
sengers are collected and processed by the integrated air-
port management center. (2) This center plans each ride
by assigning the available vehicles on passenger request.
Simultaneously, the center sends the disposition of the
assigned vehicle to the passenger on the mobile applica-
tion and at the smart stop (display screen) indicating the
arrival time of the assigned vehicle. The PRT vehicle
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Fig. 2 Functional model

receives the task and sends its position to the integrated
airport management center to inform the passenger of the
vehicle proceeding.

(3) At the selected arrival stop, a barrier is installed
between the vehicle and the passenger. The barrier is
enabled with an identification verification technology
(e.g. QR code scanner). The passenger is required to ver-
ify the code generated for the journey. After successful
authentication, the barrier and the PRT vehicle door open
enabling the passenger to board the vehicle. The passen-
ger is engaged to verify the successful boarding to start
the ride. The operation and airport management center
receive an update that the passenger is seated, and the
travel has begun.

During the ride:

(4) Data are constantly exchanged between the center
and the PRT vehicle. Accordingly, the route is recalcu-
lated, and the estimated arrival time is updated using an
advanced vehicle to infrastructure (V2I) communication
system. PRT vehicles are designed to send position data
to each other using vehicle-to-vehicle (V2V) short-range
communication to avoid a collision. Partially automatized
vehicles with V2V/V2I communication are also eligible to
take part in an automatized traffic system [31].

(5) In the case of emergency, the in-built emergency
devices can be used by the passengers or the specific sit-
uations, such as overheating, power shortage, collision
are to be detected by the infrastructure. With the aid of
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V2I communication, the center is also able to manage the
emergency as the vehicles are semi-autonomous. The smart
stop and smart track are also equipped with emergency
devices to manage vehicle malfunction. After processing
the data and identifying the emergency circumstances,
data is sent automatically to the integrated airport manage-
ment center and the interventions are initiated.

(6) Flight-related services are integrated into the PRT
vehicle. Passengers can request and pay for flight-related
services onboard such as check-in, special assistance, bag-
gage handling, etc. The baggage handling service can be
requested by a passenger via smartphone, at the smart stop
or during the ride; the passenger should make the order in
advance. A special baggage box can be installed on-board
in which the passenger may leave the baggage. To ensure a
smooth end-to-end process of baggage handling, the flight
number is to be given by the passenger. The integrated air-
port management center transfers data about flight details,
boarding gate, terminal, etc. to the partner service pro-
vider. Therefore, the passenger may alight from the PRT
vehicle without his baggage; the baggage is delivered to
the flight. Human staff, namely the contribution of a part-
ner service provider may be needed to take the baggage
from the PRT vehicle to an automated bag drop-off system
or directly to the airplane.

After the ride:

(7) The fare calculation and payment processes are
managed. The passengers pay via mobile phone, or vend-
ing machines are installed at the stops. (8) After alighting,
the vehicle is reassigned for the next ride. (9) The security
checking as a flight-related service is part of the advanced
PRT service. At the final station, an exclusive security
checking station is installed. Leaving the stop is possi-
ble only after a successful payment and security check.
(10) The passengers can evaluate the quality of the service
and give feedback. The feedback is processed and stored
in the database of the center and then used to improve
the service.

Supplementary activities:

(11-12) Maintenance and repair are coordinated by the
integrated airport management center. The vehicle and the
smart track provide diagnostic data quasi-continuously.
In the case of technical breakdown, the disabled vehicle
may be replaced by another or the disposition of the avail-
able vehicles are modified.

The advanced PRT service can be used from the ter-
minal to reach the parking facilities as well; however, the
flight-related services are not available in this direction.

For instance, passengers should pick up the baggage in the
traditional way, because baggage management by a ser-
vice provider is rather difficult due to the short time spent
at the airport.

In summary, the major tasks of the integrated airport
management center are to handle passenger data and
travel parameters, provide personalized information, plan,
organize and control the processes, manage flight-related
services and payment, evaluate the service and assure the
quality of the entire PRT service.

In the developed concept, the provided flight-related
services are wide-range (e.g. check-in, ordering food) com-
paring to Muller's concept [27]. Furthermore, the secu-
rity check is accomplished at the final stop at the terminal
after the passenger gets off the vehicle. In Muller's concept
the travelers are seated in the vehicle during the security
check which is accomplished in dedicated screening facil-
ities. This solution is less efficient; more PRT vehicles are
needed as the vehicle is occupied during the security check,
moreover, building additional security facility is needed.

Advanced PRT service is an ideal solution for airports
with isolated parking facilities farther from the termi-
nal (e.g. Beijing Capital International Airport, London
Heathrow, Dubai International Airport), and airports
whereby the walking distance between parking facility
and terminal is significant. Initiating an advanced PRT
service may serve as a motivation for an airline to seek
changes in the functionality of terminal facilities as well.
In addition, the concept of the onboard flight-related ser-
vice has the potential to reduce waiting in a consolidated
concession area; thus, it helps to refine the airport tran-
sit operation. The passenger of advanced PRT service can
skip several flight-related services and can walk directly
from the PRT station to the waiting hall.

3.3 Comparison of airport surface access types

The ground access to an airport, the flight-related services
before boarding the airplane, and the used transportation
means are presented in Fig. 3. The numbers have been used
to identify each of the airport surface access forms. In the
case of general forms (1-4), the passengers need to walk
between flight-related services and wait at each stop. This
walking phase starts from the drop off point in the case of
using public transportation (1), taxi (2) or the combination
of the private car and shuttle bus (3). In these cases, the
egress walking from the drop off point to the entrance of
the terminal is minimal. However, using the private car
without a direct shuttle service (4), the egress walking



distance is longer. If a regular PRT or APM (5) is operated
between parking facilities and terminal, the egress walk-
ing is minimal, but the passengers need to walk during
flight-related services.

The proposed integrated solution serves the land-
side operation of the airport, connecting the car park and
the airport terminals and to serve flight-related services
on-board minimizing the time consumption. The advanced
PRT (6) serves and eases the activities of air passengers
and airport operators.

The airport ground access forms were compared accord-
ing to basic properties (see column headers) in Table 2.
These are commuting time, waiting time, walking distance
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of the passenger from the drop-off point to the boarding
gate, cost of transportation and comfortability. The forms
are indicated in rows by numbers. The amount of sym-
bol "+" indicates the strength of a property (+: low/small;
+++++: high/big).

Public transportation (1) is the most cost-effective; how-
ever, the walking distance, commuting time and waiting
time are high enough. More so, it provides less comfort for
commuters; hence, it is not the most suitable option for air
passengers that mostly travel with big baggage. Similarly,
taxi (2), shuttle bus and personal car (3) have shorter wait-
ing times because their services are more flexible than
public transportation and may deliver the passengers
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Fig. 3 Airport ground access types

Table 2 Comparison of airport ground access forms

Mode Commuting Time Waiting Time Walking Distance Cost Comfort
1. Public transportation -+ -+ ++++ + +

2. Taxi +++ +++ ++++ ++++ ++

3. Private car and shuttle bus +++ ++ ++++ ++++ ++

4. Private car +++ + ot ++ +

5. Private car and regular PRT/APM ++ ++ 4+ -+ -+
6. Private car and advance PRT ++ + + +++ oot
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closest to the airport terminal entrance. Although, the
personal car may be less comfortable in comparison to
a taxi because of the difficulty in finding a parking spot
near the terminal entrance which may lead to long walk-
ing distance (4). The regular PRT/APM (5) and advanced
PRT (6) provide similar commuting time and prices, the
least walking distance in comparison to other modes and
provide the highest comfort. Furthermore, advanced PRT
offers an improved service in terms of walking distance,
waiting time and better comfort compared to the regular
PRT/APM modes in accessing the airport terminals. Due
to the on-board flight-related services, it is the most suit-
able model amongst other options.

Though the aim of advanced PRT service is to improve
the user satisfaction and travel quality, revealing of user
expectations and judgments are needed as behavioral
intentions are mostly affected by passengers' judgments
about the quality of a mobility service [32].

4 User expectations

A questionnaire survey was performed to collect expecta-
tions towards the proposed PRT service. A general ques-
tionnaire was prepared which can be applied at any airport;
however, some airport-related questions are unavoidable.
The questions are focused on travel habits, expectations,
and the potentials of using PRT service.

Parts of the questionnaire:

* personal questions regarding the age group and

income (1-3 questions),

 travel habit questions regarding the used mode and

frequency of air-traveling (4—13 questions),

e PRT questions regarding the expectations towards

the services (14-21 questions).

The questionnaire was tested on the spot in person
at Budapest Liszt Ferenc International Airport (BUD);
thus, the participants were able to ask questions to clar-
ify their understanding of the proposed service. Some of
the questions were Simple-multi-choice ones, participants
expressed their opinion by choosing one from among the
given options. Other questions were ranking scale choices,
so-called Likert-scale, the participants were asked to rank
alternatives from the most important to the least, thus
allowing us to identify participant preference order for all
alternatives. Indeed, one survey needed about 25 minutes
to complete. Images of the Heathrow airport ULTra pods
and Budapest airport layout were used to give a visual rep-
resentation of the proposed service.

Though the survey was not representative, initial con-
sequences can be drawn about the expectations. The sur-
vey result is not normally distributed data. Normality was
not examined as it cannot be derived from Likert-scale
question types. 100 air travelers were interviewed.

The following generations are distinguished: 14.3 % of
respondents belong to the Baby Boomer generation (born
1946-1960), 33.7 % are Generation X (born 1961-1980),
and 52 % are the most current Generation Y, so-called
Millennials (born after 1980) [33]. Their profession and
income were considered for further analysis. It is a recog-
nized fact that the main socio-economic factors that influ-
ence the frequency of travel are the income level and the
purpose of travel.

As the advanced PRT connects parking facilities and ter-
minals, the survey focused on car users. 36 % of the respon-
dents use their personal car to commute to the airport. On the
other hand, 14 % of the respondents use a personal car as a
passenger without using any parking facility, 20 % use taxi,
11 % use shuttle bus (MiniBud), 3 % use the express pub-
lic bus (100E) from the city center, and 16 % use the feeder
public bus service (200E) from the nearest metro station.

Generation Y shows greater familiarity than the pre-
vious generations with communication, media, and digi-
tal technologies. The result in Table 3 interprets the study
of generational diversity towards a willingness to use the
advanced PRT. Advanced PRT service can be considered
as a technological novelty that is why the millennials are
willing to use the PRT more than the other generations.

According to the survey, participants are willing to
pay a mean price of 3.4 Euro per ride for the PRT service.
24 % of the participants mentioned that the price was con-
sidered based on the charges for parking at the airport
which ranges from 10—100 Euro per day depending on how
far the parking facility is located to the terminal. For com-
parison, public transportation ticket costs about 1 Euro per
trip and about 3 Euro for an express bus ticket. 4 % of the
participants prefer that the PRT service charge is included
in the parking ticket, 26 % prefer it to be included in flight
tickets, and 50 % prefer that the PRT service should be
charged independently.

Table 3 Willingness to use the PRT according to their generation [%)]

Generation yes no not sure
Millennials 70.6 2.0 27.5
Generation X 66.7 3.0 30.3
Baby boomer 57.1 0.0 42.9




Fig. 4 shows the expectations towards flight-related and
other supplementary services. Over 50 % of the respon-
dents perceive information provision about PRT arrival
time, flight details and transfer connection as a very
important feature that should be implemented in the vehi-
cle. More than 60 % of the respondents considered bag-
gage handling and check-in function rather important as
the passengers are mostly concern about avoiding long
waits and check-in processes while fast food order and
advertisement are deemed to be not important.

The respondents' willingness to use the service is the
most significant if they have big luggage or if the weather
is bad (80 % of the respondents chose advanced PRT with
high certainty). However, long walking distance is not a
deterrent factor of walking. If the walking distance is long
(higher than 500 m), only 55 % of the respondents may
choose the advanced PRT service. If the PRT is faster than
walking, its willingness of use is 90 %; however, 35 %
of the respondents hesitate and consider other factors (for
instance weather, luggage size) as well.

The results were used to examine potential PRT users'
behavioral intentions. Considering realistic users' expec-
tations during the development of PRT layout and ser-
vice may increase the level of perceived service quality.
For instance, as respondents with lower income, especially
millennials were more price-sensitive, they would usually
patronize services based on lowest price and may have dif-
ferent levels of expectations. If the distance to the terminal
from a PRT stop is less than 500 meters, young passengers
with low-income would prefer to walk rather than to pay
for a PRT service. Therefore, the results gathered from the
survey were considered during the determination of neces-

Baggage handling
Check-in

Fast food order
Transfer connection
PRT arrival time
Advertisement
Flight details

0% 10%  20%  30%

not important

important
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sary PRT stops and its connection to the parking facili-
ties (e.g. stops only further from 500 m from the terminal,
reaching a stop within 500 m walking in a parking facility).

5 Layout selection method - a case study at Budapest
Airport (BUD)

In general, several remote parking facilities are located
around the airport. The network of advanced PRT sys-
tem connecting these facilities and the terminal has sev-
eral possible variations. A method was developed for the
selection of appropriate layout. The proposed layouts were
developed based on consultation with the airport ground
operation specialist. For instance, some parking facilities
were omitted because of their short walking distance to
the terminal or to the nearest parking facility with a PRT
stop. The layout selection method was applied in Budapest
Airport which is one of the fastest-growing destinations
for tourism. This has resulted in the development and
growth of the airport terminal and operation including an
increase in the usage of the parking facilities. However,
the shuttle service between the remote parking facilities
and terminal is not well developed yet.

5.1 Selection method

A multicriteria analysis method was developed which
can be applied to evaluate alternatives for the purpose of
selection or ranking. This method is appropriate to evalu-
ate previously proposed PRT layouts. The objective of the
multicriteria analysis technique is to serve as the resolu-
tion of planning problems. One of the most used and well-
known multicriteria techniques is the Analytic Hierarchy
Process (AHP), developed by Saaty [34, 35].

40% 50% 60% 70% 80% 90% 100%

very important

Fig. 4 Importance of on-board services
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Steps of AHP:

* decomposition,

* prioritization,

* synthesis,

 sensitivity analysis.

The values selected for the pairwise comparison are
numbers ranging from 1 to 9 which indicate the inten-
sity of importance: 1 — equally important, 3 — moder-
ately important, 5 — strongly important, 7 — very strong
or demonstrated important, 9 — extremely important, and
2,4, 6,8 —are interpolation between the odd values [34].
The motivation behind the development of the method is
to propose a generalized method based on belief functions
recommended by academic and professional experts.

Step 1: We gave the judgment based on the pairwise
comparison scale according to Eq. (1). It is a reciprocal
matrix where all the elements are positive. It contains the
derived pairwise comparison, a; = w/w; (w, and w; are the
relative importance of the criteria i and j, respectively),
their reciprocal, a; = 1/a;, and diagonal elements a;, = 1.
Pairwise comparison is done only on half of the matrix.
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Step 2: Afterward, we multiplied matrix 4 with a vector
of weights ¥ as shown in Eq. (2).
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Step 3: If decision-makers' judgments are perfectly
consistent in which all pairwise comparisons are equal to
ag=a;>a; (fori,j,and k=1,2,3, ..., n), then the principal
right eigenvector of 4 is equal to n. For instance, compar-
ing the number of stations allocated in the layouts are the
same, which means the element cannot be compared as it
is equal in all alternatives. However, in real-life perfectly
consistent judgement is rare, so that the eigenvalue of A
equals to n is also rarely happens. Therefore, the largest
eigenvalue y,.. > n and Eq. (2) is transformed into Eq. (3).

AW =y, W 3

Step 4: The weight W is calculated through the normal-
ization process of the columns in matrix A, as shown in

Eq. (4).
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The evaluation is based on the guideway layout con-
sidering the influencing factors, such as distance, accessi-
bility from the terminal, guideway obstruction, and delay
reduction. These factors are easily available factors that
can be measured with the data and information received
from an airport authority. The distances are calculated
based on the layout. Accessibility from the terminal is
used to compare how much it takes a passenger to reach
the nearest PRT station from the terminals. Guideway
obstruction indicates the interference between the airport
facilities, road network and the tracks. The delay reduc-
tion is the approximate time delay that may occur in a ride
due to a junction in the layout.

This hierarchy of decision-making analyses is one of
the basic methodologies in choosing a transportation ser-
vice. Our aim was to plan the basic network for the PRT
implementation. The main aspects are considered from a
user side only.

5.2 Layout determination

According to the Budapest airport parking area scheme
and structure, holiday parking is designed for long term
usage and it costs less to use in comparison with other
parking facilities. The capacities of different parking facil-
ities are holiday parking 2525 cars, business parking 129
cars, and central parking 255 cars, respectively. Although
the capacity of the central parking, which has the shortest
distance to the terminal, is high, the annual average usage
is lower than others. As it is designed for short term use,
the parking fees are rather high.

The transit demands are served by shuttle buses or on
foot from the parking area to terminals. The farthest park-
ing area is the 'holiday lite parking' which is situated about
12 minutes' (900 meters) walk away from the airport ter-
minal. However, a shuttle bus operates only from the busi-
ness parking while other parking facilities have no transit
service. The shuttle buses operate at relatively high fre-
quency. The ongoing shuttle service requires preordering
via phone call or mobile application; however, this is not a
fully demand-driven service as the passengers must wait
several minutes. Moreover, a relatively long walking dis-
tance is needed to the stops.



In recent times, there have been plans to improve the
airport. Constructions are currently ongoing in the cen-
tral parking area to expand its capacity. However, the
role of farther parking facilities is not influenced by the
construction.

The proposed PRT service layouts are shown in Fig 5.
The alternatives were created considering user prefer-
ences (minimized walking distance, availability of park-
ing facilities, shorter travel time comparing with walking
time), sight-visits and consultation with airport ground
operations authorities. The basic principle was to connect
every parking area to the terminal in each alternative.

The alternatives are indicated by different colors. The
stations are indicated with a sign and labeled respectively.
On the airport layout, there is a hotel located a few meters
away from the Central Parking, passengers going to and
from the hotel are assigned to use the PRT service on the
Central Parking station. The alternatives do not serve the
central parking area (currently, it is a construction site)
because it is located very close to the terminal.

ParRoloR a
2-es terminalnal

P Premium Parking

P  Terminal Parking

Alternative A

Alternative B

Alternative C
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5.3 Results

Step 1: The elicitation of pairwise comparison judgments
and the scale derived from Eq. (1) are given in Table 4.
Five experts from academic, airport operation and ground
operation were asked to evaluate the layouts; the table
represents the aggregated values given by the experts.
The scale is validated to show effectiveness through

Table 4 Pairwise comparison matrices
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Fig. 5 Proposed PRT service layout for Budapest airport
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theoretical comparison. The importance of the criteria
is necessary to be considered during the comparison of
them to implement a sustainable service. According to
distance (i.e. the distance from farthest stop to the ter-
minals) as a decision criterion, we supposed that alter-
native A is much better than alternative B, and alterna-
tive C is the least desired. Considering the accessibility
(i.e. the convenience of accessing the boarding gate in the
terminal from the PRT stop), even though all PRT stops
are the same, in case of alternative the access from the
parking facilities to terminal 2B is easier. According
to delay reduction (i.e. the amount of intersection on
a guideway could impact the speed of the PRT vehi-
cle), alternative B is preferable. Considering guideway
obstruction (i.e. the possible obstruction of existing struc-
tures with the PRT guideway), alternative B and C are
better than alternative A.

The values in Table 4 are derived by a cross rating of each
alternative under the examined elements. For instance, in
the Distance table, value 3 in the intersection of row A and
column B means that alternative A is rated as moderately
important in distance than alternative B and when compar-
ing alternative B to alternative A the inverse of the rating is
calculated resulted in 0.33 (1/3). A similar interpretation is
true for the rest of the entries.

Step 2: The weight preferences of each alternative
respect to the considered element with the use of Eq. (2)
are shown in Table 5.

The weighting preference is derived by the geomean of
each alternative. For instance, the weight of alternative A is
2.76 for distance element; it is derived by the cube root of
the product of all ratings on row alternative B (1, 3, 7). After
Eq. (4) is used, the weight of alternative A (2.76) is divided
by the sum of all alternatives (A, B, C) and converted to
a percentage value (65 %). This means that alternative A
is 65 % preferred to other alternatives in terms of distance.
A similar interpretation is true for the rest of the entries.

Table 5 Weight preferences

Distance Accessibility from terminal
A 2.76 65% A 1.19 25%
B 1.19 28% B 1.00 22%
C 0.31 7% C 247 53%

Delay reduction Guideway obstruction
A 0.31 7% A 0.34 9%
1.33 33% B 1.19 30%

2.47 60% C 2.47 61%

a w

Step 3: To synthesize all priorities, the various prior-
ity vectors are weighted by the global priorities of the cri-
teria and synthesized. The final relative priorities for the
elements are obtained by giving a criteria score derived
from the survey results. The score is a relative number,
expresses the importance of the criteria for potential users.
These indicate the degree to which the elements contribute
to the main goal of the advanced PRT service.

This method follows the main principle of the sim-
ple addictive method. In simple addictive weighting, the
weight of the criterion j could be interpreted as a pro-
portion of criterion j in 1 unit of overall value. It can be
expressed in percentage as well.

Step 4: Integrating the alternative matrix of the weighted
preference and the criterion matrix, a subjective judgment
on each alternative relative to all criteria is obtained in
Table 6 which were derived according to Eq. (4).

Accordingly, alternative C is the best layout followed
by alternative B. Planning of an effective transit sys-
tem should proceed from a lucid perspective of the sys-
tem objective. The main objective to be considered is
to improve the accessibility, in terms of travel time and
comfort. However, sometimes a quid pro quo is involved
in the improvement of service. For instance, travel time
and comfort can be ameliorated but only at a cost that the
user or investor needs to bear. The proposed alternative C
would evidently save travel time from the terminal to
stops. For instance, travel time from the Holiday Parking
station to terminal 2B would be the shortest. Alternative C
passes through the side of the main airport area to avoid
major obstructions. Although alternative C has one junc-
tion which may cause delays but better than alternative A
with two junctions. Taking all the aspects into consider-
ation, alternative C is the best option.

During the situation analysis, other proposals for the
improvement of BUD airport accessibility arose. The con-
struction of a ground mobility center (conductive bus stop)
near to the airport area is advised to consolidate public
transportation service. Accordingly, congestion at the ter-
minal curb-front can be reduced. The facility can be linked
by an automated guideway transit to the air terminal.

Table 6 Importance of criteria

Criteria Importance
Distance 0.2
Accessibility from terminal 0.15
Delay reduction 0.25
Guideway obstruction 0.4




This proposal would provide an environment in which wait-
ing for scheduled service is more comfortable. Furthermore,
it could also be linked with the planned train station. Low
occupancy public services and private vehicles may use the
curb-front also in the future as they provide door-to-door
service at a relatively high cost.

6 Conclusions
PRT service is one of the most suitable airport shuttle
forms; the service reduces the long waiting and walking
time caused by the increment in flight rate, airport expan-
sion, and isolated remote parking facilities. The research
uncovers the concept of the advanced PRT system which
serves both landside and airside activities and provides
seamless transit by incorporating flight-related services.
The main contributions are the concept, namely the
system architecture and functional model of the proposed
service. Accordingly, the information management activ-
ities of the components are described. Several advanced
features such as baggage handling and on-board ser-
vices were proposed based on the perception of air pas-
sengers’ expectations. AHP (Analytic Hierarchy Process)
method was used to evaluate proposed PRT system lay-
outs. The method was applied at Budapest Airport consid-
ering the expected quality of the PRT service connecting
all parking facilities and terminals. Implementation of the
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