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CAPACITY OF AN AIRPORT SECURITY SCREENING CHECKPOINT
UNDER VARIOUS OPERATIONAL CONDITIONS

Summary. The equipment of airport security screening checkpoints undergoes frequent
modifications due to technological or organizational changes. New solutions complement
or replace existing ones to improve the effectiveness of the equipment or formal
requirements. An example of this process is the replacement of the walk-through metal
detection gate with a newer solution: the body scanner. The present study aimed to analyze
the capacity of an airport security checkpoint under different operational conditions,
depending on the equipment used. For this purpose, a previously created model
(implemented as a colored, timed, stochastic Petri net) was used. Simulation studies were
performed in four real-world operational scenarios, and their results were compared to
those of a nominal scenario. The results show that, in terms of capacity, it may be
advantageous to redirect a more significant stream of passengers to a station equipped with
a specific device, depending on the specific operational situation. The results demonstrate
the necessity of analyzing the applied strategy of operation with each change in the
operational environment. In particular, for an airport with characteristics similar to
Katowice Airport, using older technology is beneficial under nominal conditions and after
increasing the staffing so that both genders work simultaneously. In other cases, the more
intensive use of Body Scanner-equipped security screening checkpoints is advantageous.

1. INTRODUCTION

Security screening at airports is one of the basic processes of passenger handling. Tasks performed
using new technologies must fully comply with the law [4] and ensure the required screening efficiency.
Implementing new, more efficient technical solutions and procedures for screening people may limit the
security screening checkpoint (SSC) capacity. An excellent example of this phenomenon is
the replacement of walk-through metal detection (WTMD) gates by body scanners. Since traditional
devices (WTMD gates) are less effective in detecting items prohibited for transport, replacing them with
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body scanners is beneficial for security reasons. At the same time, a body scanner requires more time to
inspect a single passenger under nominal conditions. Thus, SSCs equipped with body scanners have
lower capacities than those equipped with WTMD gates. This was demonstrated in Section 3.

At the same time, there are situations in which capacity is not very important. Thus, there is a problem
with choosing the right strategy for the operation of the airport screening system, depending on the
current operational conditions. This article proposes a solution to this problem. To this end, the authors
analyzed four scenarios that could affect passenger handling times at an SSC. The research attempted
to quantify the practical throughput of a security screening checkpoint depending on the device used.
The experiments included an analysis related to planned changes in the organization of the security
checkpoint or changes in the SSC environment, such as increased terrorist or epidemic threats. The
process of preparing passengers for screening is similar, regardless of the type of device used. Thus,
only the throughput of screening devices, particularly metal detectors (WTMDs) and body scanners,
were considered in the analyses.

2. PASSENGER SECURITY SCREENING CHECKPOINT AT THE AIRPORT
2.1. Handling departing passengers

Passenger screening is a part of the passenger handling process at a departure airport and, less
frequently, during their transfer at a hub airport. The handling of departing passengers begins when they
enter the terminal and ends when they board an airplane. It consists of several stages, the most important
of which are:

1. Check-in. Flight tickets are checked, boarding cards are issued, and baggage is checked in.
Moreover, a passenger with overweight baggage must go to checkout and pay an appropriate fee.
Oversized baggage must also be checked in at an appropriate station. The check-in procedure may
be performed by an employee or automatically.

2. Access control to restricted areas. A boarding card is checked to allow access to a restricted area.

3. Security screening. This stage consists of controlling passengers and their hand baggage. It is the
main subject of this article.

4. Passport control. This stage consists of controlling documents required to cross a state border.

5. Gate. At this point, passengers wait to board; once this stage has begun, boarding cards are checked,
and passengers are handled according to the applied boarding strategy.

6. Transport to aircraft. This service delivers passengers on board; passenger platforms, bus transport,
and pedestrian access are the most common methods.

2.2. Literature review

A security screening system, as an essential element of the pre-flight operation process, has been the
subject of numerous studies. In the following short literature review, we present only a few aspects of
these studies, which are essential to show what the extension of state of the art presented in our paper
consists of. The most important elements are security screening system throughput and WTMD gates
and body scanners as screening devices.

The literature has shown that passenger screening system throughput largely depends on passenger
preparation process organization [11]. Optimal assignment policies increase security and passenger
throughput by efficiently and effectively utilizing available screening resources. In baggage screening,
the time necessary to classify baggage as potentially dangerous is crucial to the throughput [19]. This
time was found to be relatively stable across threat categories, but the decision time increased in
proportion to the decrease in the detection rate. Decision time closely reflects changes in detection
sensitivity caused by different threats and image difficulties.

The dependence of throughput on economic factors is presented in [7]. Sterchi and Schwaninger [18]
conducted tests using an explosive detection system to check hand baggage in terms of throughput. The
results show that this approach results in moderate increases in the false alarm rate but that this can be
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buffered by employing more experienced and trained X-ray screeners. More significant false alarm rate
increases require faster resolution and additional manual search resources. The throughput and checked
baggage system reliability analyses are presented in [6]. An example of the screening system throughput
analysis for a selected airport is presented in [9].

The throughput of SSCs equipped with WTMD gates was investigated with different stand
organizations, considering the number of devices and the number of queues handled by one device. The
capacity of the checked baggage control system was analyzed in [16]. The studies employed a
microscale model of object movement implemented as a colored, timed, stochastic Petri net. Janssen et
al. [8] studied the impact of a passenger type on the screening system throughput. They attempted to
form a so-called service lane to mitigate the problem of waiting for the slowest passengers. They found
that the mean throughput of the service lane setups was higher than the average throughput of the
standard lanes, making it a promising setup to investigate further.

Wu and Mengenstern [21] presented a very interesting review of methods and tools for modeling
various complex processes that occur at an airport. They pointed out the importance of using microscale
models for security screening analysis [14, 20]. Moreover, quite a few studies analyzed the strategy of
modifying security screening procedures based on risk analysis and assessment conducted for each
passenger [3, 13].

All the discussed literature concerning passenger control considers SSCs where WTMD gates are
used. The literature on the use of body scanners in security control is relatively scarce and primarily
focuses on ethical and medical issues [1, 10, 12]. This trend is also present in newer publications [5]. In
recent years, studies have also included body scanners in analyzing passenger satisfaction with airport
services [15]. The context of operational problems is also worth considering, but the capacity issues of
SSCs have not been analyzed [2].

2.3. Paper concept

The literature review indicates the existence of a group of publications analyzing the capacity of
SSCs equipped with WTMD gates. However, they have focused on the organization of the checkpoint,
passenger preparation for screening, and the division of passengers into groups with different
characteristics. Meanwhile, there is a lack of studies analyzing capacity regarding the screening process
itself (i.e., passing through the gate, the need to repeat this procedure, etc.). Moreover, there is a lack of
studies addressing the operational conditions in which passenger security screening is conducted. Our
article fills these gaps. First, we examine the capacity of the screening process itself. Additionally, we
consider numerous operational issues, such as the season, which determines passenger clothing, the level
of terrorist or epidemic threat, and even issues related to the availability of appropriate screening
personnel.

The second group of publications related to the capacity of SSCs concerns the inspection of cabins
and checked baggage. While this issue is not directly addressed in our article, the experiences with
modeling methods for these processes have been utilized here. This mainly involves the application of
microscale models and their analysis using simulation methods, taking into account the randomness of
passenger arrival times and the duration of inspections. The research presented in this article was
conducted using a model implemented as part of the work [17] as a colored, timed, stochastic Petri net.
This model is a valuable tool for examining the capacity of the security control system (as demonstrated
in this work) and other aspects of the passenger screening process.

The literature shows a lack of studies analyzing the capacity of SSCs equipped with body scanners.
More attention has been given to ethical and medical issues. In this article, we explore the capacity of
the screening process itself, along with all its conditions. Ethical and organizational issues are also
present in the context of capacity. As part of one experiment, the screening process was analyzed
considering the gender of the screened individual and the operator performing the screening.

The conclusion drawn from the literature review is that there is a lack of studies comparing WTMD
gates and body scanners. This work fills this gap, as the entire research, across all analyzed operational
scenarios, focuses on such a comparison.
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Due to the lack of this kind of comparison, there is a need to support security managers at airports
with tools that make it possible to reasonably (quantitatively) estimate the impact of using specific
solutions exerted on operations performed at an airport. As mentioned above, this is a practical and
common problem, especially in small and medium-sized airports where screening equipment
replacement may face financial and organizational barriers (e.g., due to the lack of space for creating
new security screening stations).

WTMD and body scanner manufacturers declare the throughput of devices in a given work
environment. For example, the declared throughput for the tested WTMD device was 360 passengers
per hour. On the other hand, for the tested body scanner, the declared throughput was 1200 passengers
per hour. However, operational practice experience indicates that such throughput is unlikely to be
achieved in real-life conditions. A model of a security screening checkpoint was developed and
calibrated based on measurements carried out at the Katowice Airport (KTW) to assess the suitability
of tested devices in actual operating conditions and with the existing infrastructure [17]. This model was
used to estimate the practical throughput of devices in the conditions of a regional airport handling about
5 million passengers a year. The model was validated by a statistical analysis of obtained measurement
data and then an analytical determination of the throughput of a station equipped with the tested device.

The second important aspect influencing the decision to use body scanners is the conducted screening
effectiveness. While analyzing it roughly and qualitatively, it seems this device's efficiency is higher
because it detects metallic and non-metallic objects. However, considering the practical decision-
making issue, it is essential to consider the increase in effectiveness and compare it with installation
costs and possible difficulties related to the loss of SSC throughput. Data regarding the effectiveness
and practical throughput of devices of various types indicates that more conscious planning of SSC
equipment is possible. It is worth noting that there is a need to determine the number of security
screening checkpoints necessary to handle passenger traffic at an airport and, thus, the number of
security screening checkpoint operators required. When more SSCs are utilized, there is a need for more
operators (SSOs) to staff them, and such operators must have unique predispositions and qualifications;
thus, acquiring new employees may be challenging and long-term. All these aspects must be considered
when deciding to equip an SSC with a particular type of passenger screening equipment. Studies
examining these aspects are planned for the future.

We believe that the proposed approach to determining the practical throughput of a screening device
will allow the effects of decisions to be accurately determined and meaningfully supported. It is worth
noting that the method can be applied to both current airport operating conditions and conditions
anticipated in the future and in the presence of disruptions resulting from emergencies. Example
analyses for such scenarios were carried out as part of our research and are presented later in this article.
They are concerned with the dependence of throughput on external events, such as the increased threat
of terrorist attacks, epidemiological threats, or changes in seasons, as well as organizational actions,
such as changes in SSC staffing.

3. PASSENGER SECURITY SCREENING CHECKPOINT AT THE AIRPORT

The passenger security screening process consists of several activities. The first stage is to verify the
passenger's identification on their boarding card. The second stage consists of preparing for a check,
during which passengers place all their metal and electronic items in a dedicated container. Then they
put their remaining hand baggage on a conveyor belt. Then, the main check is carried out, which is the
subject of our research (described in detail in Sections 3.1 and 3.2).

Two basic devices support the personnel performing the check. The first is an X-ray scanner used
for screening baggage, and the other one is a personal screening device, which is intended to verify that
there are no hidden objects on the controlled person's body that may pose a threat to the safety of aviation
operations. Baggage and passenger screening procedures are usually performed simultaneously.

Apart from these basic tools, SSCs also use devices to control liquids and detect trace amounts of
explosives. These devices can be configured differently. Most frequently, one X-ray device operates one
screening line, and therefore, there is also one WTMD or body scanner detector. However, there are
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cases where one X-ray device operates two personal screening lines or vice versa. The use of these
spatial systems depends on the volume of traffic, available space, and financial capabilities.

One of the most popular airport passenger security screening solutions is a walk-through metal
detector (WTMD) operated based on electromagnetic induction. Applicable legal regulations [4]
provide detailed specifications of the parameters of such a device. The device detects metal objects
hidden on the screened person's body. Most items that may be considered weapons (and, therefore, are
not allowed for air transport) are made of various metals. However, it is possible to design dangerous
objects prohibited for transport using non-metallic materials, so the WTMD screening is supported by
manual checks performed at the frequency and in the manner specified by applicable regulations [4].

The technology of screening people using this tool depends on detailed technical solutions provided
by individual manufacturers. These include, for example, the number of detection areas and the
possibility of individual programming of detection zones in a detector.

Body scanner technology constitutes an alternative to security screening using a WTMD. The
principle of a body scanner’s operation is different from that of a walk-through metal detector. A body
scanner uses non-ionizing radiation, which makes it possible to detect all objects (not only metallic ones)
that are transferred to a passenger's body. For this reason, the screening procedure is also different. In
the case of a WTMD, one goes through the detector, whereas in the case of a body scanner, it is crucial
to set a passenger in a specific position inside the device. This results in a precise indication of places
where a hidden and potentially dangerous tool can be expected. Therefore, a manual check has slightly
different characteristics than one performed after WTMD use. A security screening operator manually
checks the locations indicated by a body scanner (directional screening). If the number of indicated
places is large, an operator manually checks the entire passenger's body (full screening).

The individual devices and processes in an SSC are closely related to one another and determine the
effectiveness of pre-flight operation. For example, in a typical situation, when a passenger's manual
screening is performed, the entire screening line is blocked, both concerning subsequent passengers and,
partially, subsequent baggage. Such a situation occurs when one person is assigned to perform manual
screening procedures. If there are more operators, the line is blocked only when all SSOs are occupied
performing manual checks. A similar situation occurs when a suspicious object is detected in a
passenger's baggage. Then, it is re-screened or checked manually. In such a case, the screening line
operation is blocked to baggage and passengers.

More detailed information about the procedures and control principles considered in the studies can
be found in [17], which presents the passenger flow and the analyzed process's quantitative parameters
(including probabilistic). These parameters were obtained from measurements conducted at Katowice
Airport.

4. PASSENGER SCREENING STATION THROUGHPUT ANALYSIS

This section presents a throughput analysis of a passenger screening station equipped with a WTMD
and a body scanner. It was carried out under nominal conditions following the measurements conducted.
This section also compares the results obtained from the model with the actual results to verify the
obtained results.

4.1. Throughput of an SSC equipped with a WTMD

The measurements presented in Fig. 1 were directly used to assess the throughput under nominal
conditions.
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Fig. 1. Empirical screening time distribution functions for different sequences: a) Alarm — Manual check,
b) Alarm — Walk-through repeated — No check

For this data set, 10° seconds (about 280 hours) of continuous station operation were simulated.
Assuming a constant influx of passengers ready for security screening, the station can handle 79,770
passengers. This means that the capacity of a station equipped with a WTMD, under nominal conditions,
is 287 passengers per hour.

To verify the correctness of the tool, we compared the results with analytical calculations, whose

throughput result is equal to 281 passengers per hour, which is very close to the result obtained from the
model (2% difference).

4.2. Throughput of an SSC equipped with a body scanner

The measurements presented in Fig. 2 were directly used to assess the throughput under nominal
conditions. Examples of screening time distribution functions for the sequence are also shown in Fig. 2.
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Fig. 2. Empirical screening time distribution functions for different sequences: a) No alarm — No check,
b) Alarm — Manual check (full)

For this data set, 10° seconds (about 280 hours) of uninterrupted station operation were simulated.
Assuming a continuous influx of passengers ready for security screening, the station can handle 69,716
passengers. This means that the throughput of a station equipped with a body scanner under nominal
conditions is 251 passengers per hour.

5. SIMULATION EXPERIMENTS

The developed models enabled us to determine screening station throughput in typical conditions
and perform simulation experiments for various non-standard cases. We have defined the following
research scenarios:

1. The nominal variant, the results of which are presented in Section 3.
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Scenario 1, where we study the situation in winter (Section 4.1).

Scenario 2, where we study a higher terrorist threat level (Section 4.2).

Scenario 3, where we study an increased epidemiological threat (Section 4.3).

Scenario 4, where we study the number and gender of SSOs operating a single device (Section 4.4).
Simulations were carried out for all scenarios using the model described in [17]. For the relevant data
sets, 10° seconds (about 280 hours) of uninterrupted station operation were simulated. The random
phenomena during passenger screening were reproduced and represented by the probability of a specific
sequence of actions and the random time of each action. The values of these probabilities and the
characteristics of the random variables describing these times were determined based on measurements
carried out during the actual operation of Katowice Airport.

kWb

5.1. Scenario 1 — Winter period

The analyzed KTW airport is located in a moderate climate zone, which is essential for passenger
handling. It results from how passengers adapt their clothes to changing weather conditions. Although
the method of performing safety checks does not change in the winter period, the clothing type is
significant. In particular, this relation is reflected by passengers' footwear, which, due to additional metal
reinforcements, trigger alarms more often than in the summer when passengers usually wear light sports
footwear. This makes it necessary to prepare a passenger more thoroughly for a check, and thus, the
total time of handling a single passenger in winter may be extended by up to 30-40%. Of course, most
of the time is spent preparing the passenger for the check, which is beyond the scope of this paper.
However, during the check, there are also differences.

For example, for the reasons referred to above, the probability of alarm occurrence when passing
through WTMD is higher in winter than in summer. Practical observations estimate that this difference
is about 20% when passengers walk through the detector for the first time and about 30-40% when they
possibly walk through it for the second time. Therefore, in the winter, the number of manual checks
increases. Because a passenger usually wears more layers of clothing in winter, a manual check usually
takes about 20% longer than the basic screening variant.

When using a body scanner, there is also an increased probability of alarm activation. We estimate
that the number of these alarms is higher by approximately 20% compared to the measurements in the
basic variant. At the same time, since body scanner technology enables the better location of places to
be checked, the check duration does not change significantly. Owing to the algorithm of selecting
passengers for complete manual checks, their frequency is expected to rise by approximately 10%. Also,
the check duration does not change significantly due to the previous reasons.

5.1.1. Throughput analysis - WTMD

A summary of changes in the screening model using WTMD (Scenario 1) is included in Table 1.

For such parameters, the simulated throughput of a station equipped with WTMD in winter
conditions (for Scenario 1) was 231 passengers per hour, equaling 81% of the nominal variant
throughput.

Table 1
Data for the model with the use of WTMD for Scenario 1
Parameter Nominal | Scenario 1

The frequency of alarms triggered when passengers walk through the

. 0.345 0414
detector for the first time

The frequency of alarms triggered when passengers walk through the

. 0.28 0.378
detector for the second time

Manual check duration t 1.2t
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5.1.2. Throughput analysis — Body scanner

A summary of changes in the screening model using a body scanner (for Scenario 1) is included in
Table 2.
Table 2

Data for the model with the use of a body scanner for Scenario 1

Parameter Nominal | Scenario 1
Alarm frequency 0.36 0.432
Frequency of full manual check selection | 0.194 0.213

For such parameters, the simulated throughput of a station equipped with a body scanner in winter
conditions (for Scenario 1) was 232 passengers per hour, which equals 92% of the nominal variant
throughput.

5.2. Scenario 2 — Increase in terrorist threats

The main objective of security screening at airports is to prevent acts of unlawful interference, often
related to the activity of terrorist groups. A certain average probability of a terrorist act is assumed while
establishing operational standards for the application of security screening. However, there are special
situations where this probability is estimated to increase based on various types of information. It is then
necessary to change the system operating parameters or even introduce additional procedures that are
adequate to the present threat. These actions affect both screening effectiveness and station throughput.

In Experiment 2, we assume that the WTMD sensitivity is maximized, allowing the detection of
metal objects of less than the standard weight. In this case, the probability of detector alarm activation
rises proportionally to the increase in device sensitivity. Our observations show that this case's alarm
activation frequency reaches 60%. Since WTMDs detect only metals, more manual checks are
necessary. Therefore, we assumed that each WTMD alarm would be verified by a manual check without
the possibility of passing through the detector again. Thus, the frequency of manual checks is expected
equal the frequency of alarms. The increased risk of terrorist-related events results in more checks
performed by SSOs. This translates into the manual check duration; we assumed it would last 30%
longer than usual.

In the case of body scanners (in the devices available to us), it was not possible to increase their
sensitivity. However, awareness of the real threat mentioned above means that the duration of a
directional and full check will be longer than that of standard security screening. We estimate that this
increase amounts to about 20%. At the same time, the surveyed SSOs declared their readiness to perform
complete manual checks more frequently in cases when directional checks are typically performed. We
estimated that approx. 15-20% of manual checks would be conducted in the complete check mode
instead of directional checks.

5.2.1. Throughput Analysis - WTMD

A summary of changes in the screening model using WTMD (Scenario 2) is included in Table 3.

For such parameters, the simulated throughput of a station equipped with a WIMD in increased
terrorist threat conditions (for Scenario 2) was 174 passengers per hour, which equals 61% of the
nominal variant throughput.

5.2.2. Throughput analysis — Body scanner

A summary of changes in the screening model using a body scanner for this scenario is included in
Table 4.
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For such parameters, the simulated throughput of a station equipped with a body scanner in increased
terrorist threat conditions (for Scenario 2) was 208 passengers per hour, which equals 83% of the

nominal variant throughput.

Table 3
Data for the operating model with the use of a WTMD for Scenario 2
Parameter Nominal | Scenario 2
The frequency of alarms triggered when passengers walk through the
. 0.345 0.6
detector for the first time
The frequency of situations in which passengers walk through the
. 0.362 0.0
detector for the second time
The frequency of manual checks after the first alarm 0.628 1.0
Manual check duration t 1.3t
Table 4
Data for the operating model with the use of a body scanner for Scenario 2
Parameter Nominal | Scenario 2
Full manual check duration ty 1.2t
Manual directional check duration t, 1.2t,
The frequency of directional manual check selection | 0.806 0.626
The frequency of full manual check selection 0.194 0.374

5.3. Scenario 3 — Epidemiological threat

Air transport is extremely sensitive to various external factors affecting people's ability to travel. As
shown by the experience of the latest COVID-19 pandemic, the risk of a contagious disease spreading
globally may result in the almost complete grounding of all planes worldwide. Using the developed
models, we compare passenger screening technologies in the context of additional actions necessary to
reduce the threat. These actions include measuring the body temperature of departing passengers or
maintaining the required distance between passengers. Observations of this type translate into work
organization at a security screening checkpoint, changing its throughput.

However, maintaining the distance of 2 m results in an extension of the time necessary to walk
through WTMD by approximately two seconds. Two measures are applied to minimize the contact
between a passenger and SSO. On the one hand, the frequency of situations in which passengers trigger
an alarm and need to walk through the WTMD for the second time increases by 40% compared to an
immediate manual check. On the other hand, instead of complete manual checks, only the areas of the
body indicated by the device are inspected. Therefore, the screening time is about 50% shorter. The SSO
performs a full manual check only for a justified suspicion based on passengers’ behavior analysis (i.e.,
they may be carrying a prohibited object). In our scenario, we investigate a situation when a full manual
check takes place in approximately 10% of cases when a manual check is performed.

In the case of security screening performed with a body scanner, we also consider the extension of
the check duration resulting from the need to maintain a correct distance between passengers. As in the
case of WTMD checks, the ratio between directional and complete checks is also expected to change.
In our scenario, we investigate a situation when only about 5% of manual checks are complete checks.

At the same time, in the passenger screening process using both WTMD and body scanner, it would
be possible to consider situations when a passenger with an elevated body temperature is detected.
Special sanitary procedures are implemented in this case, such as separating the passenger and
disinfecting a station. In such cases, it is estimated that the time of excluding SSC from use may be
between 15 and 60 minutes. This analysis type is planned in the future when measurement data
concerning the frequency of such cases is available.
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5.3.1. Throughput analysis - WTMD

A summary of changes in the screening model using WTMD (Scenario 3) is included in Table 5.

Table 5
Data for the operating model with the use of WTMD for Scenario 3
Parameter Nominal | Scenario 3
The time required to walk through a detector ty ty +2
Manual check duration t, 0.5t,
The frequency of situations in which passengers walk through the
. 0.362 0.762
detector for the second time
Frequency of complete manual checks N/A 10%

For such parameters, the simulated throughput of a station equipped with a WTMD in
epidemiological threat conditions (for Scenario 3) was 272 passengers per hour, which equals 95% of
the nominal variant throughput.

5.3.2. Throughput analysis — Body scanner

A summary of changes in the screening model using a body scanner for this scenario is included in
Table 6.

Table 6
Data for the operating model with the use of a body scanner for Scenario 3

Parameter Nominal | Scenario 3
The time required to walk through a detector t t+2
Frequency of full manual check selection 0.194 0.05

For such parameters, the simulated throughput of a station equipped with a body scanner in
epidemiological threat conditions (for Scenario 3) was 233 passengers per hour, which equals 93% of
the nominal variant throughput.

5.4. Scenario 4 — Changes in SSC personnel

According to applicable legal regulations, SSC personnel includes at least three operators performing
security screening-related tasks. One person screens the baggage, the other checks passengers, and the
third person prepares the passengers for checks. In such a configuration, possible disturbances in the
continuity of the checks performed may most often occur in two cases:

— the person to perform a manual check of a passenger of a given sex is absent at a checkpoint;

— the continuity of passenger checks is stopped due to the need to perform a manual check.

Disturbing the passenger security screening continuity because an operator of a given sex is absent
at an SSC is quite a frequent phenomenon. For objective reasons, a manual check should be performed
by an operator of the same sex as the passenger. In the absence of an appropriate person, the screening
continuity is disturbed for a short moment, and operators are changed between SSCs. In practice, this
takes 5—15 seconds. The solution to this problem is to ensure constant staffing of women and men
performing passenger screening duties. We consider this situation as Scenario 4.

Additionally, in the case of sex non-compliance, an SSO may more often ask a passenger to walk
through a detector again, hoping that there will be no alarm during the second pass and it will not be
necessary to change SSOs to carry out the check. In the case of double staffing, this is not required, and
it is possible to immediately start a manual check of a passenger who has triggered the alarm. In this
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scenario, we perform calculations, again assuming that the number of passengers walking through a
detector would decrease by 20%.

Double staffing of passenger screening stations partially solves the second of the problems mentioned
above, consisting of SSC standstills for the duration of a manual check. In the case considered in this
scenario, one of the SSOs performs a manual check (in a designated place located near the SSC) for a
passenger of the same gender). Meanwhile, another passenger will be subjected to a security check using
WTMD.

In the case of a station equipped with a body scanner, there are precisely the same problems related
to the necessity of performing manual checks by a person of the same sex and blocking the station for
the duration of a manual check. Therefore, in this case, we deal with the same changes in system
parameters so that we can compare the effects of the analyzed change in SSC staffing for both types of
devices.

5.4.1. Throughput analysis - WTMD

A summary of changes in the screening model using a WTMD (Scenario 4) is included in Table 7.

Table 7
Data for the operating model with the use of a WTMD for Scenario 4
Parameter Nominal Scenario 4
Manual check duration t t—5
The frequency of situations in which passengers walk through 0.362 0.162
the detector for the second time ' ]

For such parameters, the simulated throughput of a station equipped with a WTMD staffed by two
people of different sexes to handle the passenger flow (for Scenario 4) was 574 passengers per hour,
which equals a 100% increase related to the nominal variant throughput.

5.4.2. Throughput analysis — Body scanner

A summary of changes in the screening model using a body scanner for this scenario is included in
Table 8.

Table 8
Data for the operating model with the use of a body scanner for Scenario 4
Parameter Nominal Scenario 4
Full manual check duration ty t; =5
Manual directional check duration t, t,—5

For such parameters, the simulated throughput of a station equipped with a body scanner staffed by
two people of different sexes to handle the passenger flow (for Scenario 4) was 392 passengers per hour,
which equals a 56% increase of the nominal variant throughput.

6. DISCUSSION OF RESULTS

The developed models for testing screening throughput at security screening checkpoints facilitate
conducting a wide range of simulation experiments. Four such experiments presented in this paper were
selected based on assessments of the operational problems occurring within the practical operation of
the analyzed KTW airport. A summary of the results obtained is presented in Table 9.
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Table 9
Summary of simulation experiment results
Case analyzed WTMD throughput [pax/h] | Body scanner throughput [pax/h]
Nominal conditions 287 251
Scenario 1 231 232
Scenario 2 174 208
Scenario 3 272 233
Scenario 4 574 392

The results for the nominal case perfectly show the existing dilemma between providing higher
throughput and higher SSC effectiveness. However, long-lasting and detailed checks ensure the greater
effectiveness of prohibited material detection at the expense of throughput. Our experiment shows this
relationship quantitatively. SSC throughput under nominal conditions is 14% higher if a WTMD is used
for screening purposes. This value may help operators make decisions about which screening technique
to apply. However, other elements like traffic volume and investment funds also influence the final
decision.

In a standard situation, it seems more beneficial for the KTW airport to carry out passenger checks
using the previously available WTMD devices. This makes it possible to achieve greater SSC throughput
at a good level of screening effectiveness consistent with international regulations without requiring any
capital expenditures related to purchasing body scanners.

In the event variant described in Scenario 1, we tested the passenger security screening throughput
sensitivity to seasonal changes. The winter season was selected as the most deviating from the nominal
values when passengers wear more layers of clothing, potentially hindering SSO's control process. The
results show that the throughput of a station in both cases decreases but to a greater extent when a
WTMD is used, which makes it practically equal for both variants.

Scenario 2 concerns the possibility of an increased terrorist threat at an airport. In such situations, a
standard action is to implement additional screening activities or increase the frequency of activities
usually performed sporadically. In this scenario, the WTMD throughput decreases much more than the
body scanner throughput. Thus, in this scenario, the evaluation parameters are better for body scanner.
The results obtained are very practical and show that, it is beneficial to use an SSC with a body scanner
in the case of an increased terrorist threat. This finding may provide meaningful guidance for operational
security management services.

The third analyzed scenario concerned a current problem (i.e., an epidemiological threat). The state
of the epidemiological danger in 2020, connected with COVID-19, clearly showed its negative impact
on the global transport system, particularly on air transport. Airports are pivotal locations in such
situations, as viruses can be easily transmitted in these environments. For this reason, significant
restrictions are introduced to minimize the direct contact of passengers with airport personnel. Such
limitations can also be observed during passenger security screening.

An analysis of the results for the two discussed passenger screening methods shows a slight (approx.
5-7%) decrease in SSC throughput when a body scanner is used. Methods implemented in such a
situation to protect personnel against infection may mean that not all screening elements are performed
with the same effectiveness as in standard conditions. The results obtained in Scenario 3 show that body
scanners are a better solution in the case of an epidemiological threat. Under these conditions, there is a
significant decrease in the number of aviation operations, which reduces the number of passengers
handled. This means that the issue of SSC throughput is secondary to the screening effectiveness and
protection of personnel against possible contact with an infected passenger.

Scenarios 1-3 concern changes in the screening system environment, which may hurt its throughput.
Conversely, Scenario 4 concerned modernization activities that could be undertaken under nominal
conditions. We considered the impact of screening checkpoint personnel changes on its throughput. In
particular, the research very often concerned the lack of SSO of the same sex as a passenger in the direct
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vicinity of a screening location. The results of the simulation experiment show that, regardless of the
selected method, such factors as an increase in SSC personnel by one person and ensuring that persons
of both sexes work at a station result in a significant increase in SSC throughput (by 100% for SSCs
with a WTMD and by more than 50% for those with a body scanner).

The results obtained for Scenario 4 allow a significant practical conclusion to be formulated.
Implementing the proposed organizational changes increases the advantage of WTMDs over body
scanners in terms of throughput without impacting screening effectiveness. Therefore, for airport
managers, developing the infrastructure and purchasing additional screening equipment may be an
alternative to much more expensive solutions.

7. CONCLUSIONS

Based on the four scenarios presented, the current research showed that many possible events affect
the choice of which passenger screening technology an airport should utilize. This finding is valuable
for airport managers because it allows them to consciously plan the terminal infrastructure of the airport
depending on the geopolitical situation, geographical location, and the adopted passenger check-in
methodology. This action, based on concrete knowledge about the effects of implemented solutions, in
turn, allows them to adapt to the current needs resulting from the formal or operational conditions of the
airport. The studies described in this paper, which presented four scenarios, showed that it could not be
clearly stated which technology should be selected.
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