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Abstract 

The goal of IMHOTEP is to develop a concept of operations and a set of data analysis methods, 
predictive models and decision support tools that allow information sharing, common situational 
awareness and real-time collaborative decision-making between airports and ground transport 
stakeholders. To support this general goal, the project is developing a set of predictive models able to 
anticipate the evolution of an airport’s passenger flows within the day of operations and assess the 
operational impact of different management measures on both airport processes and the ground 
transport system. The project will develop two main predictive models, which will later be integrated 
to provide a holistic view of the whole passenger journey: a model of the passenger flows inside the 
terminal and a model of the flows of passengers accessing and leaving the airport facilities. This 
document describes IMHOTEP’s airport terminal simulation models, from model conceptualisation 
through model implementation and validation. The models are developed by using agent-based 
simulation. Model validation relies on the use of data analytics techniques to recreate the passengers’ 
activity-travel diary and compare these observed outcomes with the simulation results.  
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CDR Call Detail Record 

ConOps Concept of Operations 

DES Discrete Event Simulation 

DLR Docklands Light Railway 

EAT Estimated Arrival Time 

EIBT Estimated In-Block Time 

EMMA 
Encuesta de las Características y Motivos de la Movilidad en el Modo Aéreo (Air Mode 
Mobility Surveys) 

EMT Empresa Municipal de Transporte 

EOBT Estimated Off-Block Time 

EU European Union 

EWT Estimated Waiting Time 

GA Grant Agreement 

HGV Heavy Goods Vehicle 

IATA International Air Transport Association 

ICAO International Civil Aviation Organization 
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Acronym Meaning 

IMHOTEP Integrated Multimodal Airport Operations for Efficient Passenger Flow Management 

INE Instituto Nacional de Estadística (Spanish Statistical Office) 

IQR Interquartile range 

KPI Key Performance Indicator 

LCY London City airport 

LEPA Palma de Mallorca International Airport (ICAO code) 

LGV Large Goods Vehicle 

LoS Level of Service 

MPA Million Passengers 

PMI Palma de Mallorca International Airport (IATA code) 

PT Public Transport 

RATT Real-time Aircraft Turnaround Tool 

RFE Recursive Feature Elimination 

SDT Scheduled Departure Time 

SIBT Scheduled In-Block Time 

SJU SESAR Joint Undertaking 

SMOTE Synthetic Minority Oversampling Technique 

SOBT Scheduled Off-Block Time 

SSBD Self-Service Bag Drop 

STD Scheduled Time of Departure 

SUMP Sustainable Urban Mobility Plan 

TfL Transport for London  

UK United Kingdom 

WP Work Package 

 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

17 
 

 

Executive Summary 

The goal of IMHOTEP is to develop a concept of operations and a set of data analysis methods, 
predictive models and decision support tools that allow information sharing, common situational 
awareness and real-time collaborative decision-making between airports and ground transport 
stakeholders. To support this general goal, the project is developing a set of predictive models able to 
anticipate the evolution of an airport’s passenger flows within the day of operations and assess the 
operational impact of different management measures on both airport processes and the ground 
transport system. For each of the two project case studies, the Palma de Mallorca and the London City 
airports, IMHOTEP will develop two predictive models, which will later be integrated to provide a 
holistic view of the whole passenger journey: a model of the passenger flows inside the terminal and 
a model of the flows of passengers accessing and leaving the airport facilities. This document describes 
IMHOTEP’s airport terminal simulation models, from model conceptualisation through model 
implementation and validation.  

The models are developed by using agent-based simulation and implemented using the CAST Terminal 
software, a passenger flow simulation platform able to accurately simulate the movement of 
passengers inside the terminal. To build this model, a different data sources have been used, including 
the layout of the different areas of the airport terminal, data on the airport facilities and resources 
(number of check-in desks, security and passport control lanes, commercial areas and restaurants, 
etc.), flight schedules and passenger-related data (number of passengers per flight, passengers’ 
characteristics, etc.). 

Once the models have been built, a validation process has been conducted to verify that the modelled 
behaviour accurately represents passenger behaviour within the airport terminal.  To this end, we have 
defined an innovative validation methodology based on the reconstruction of the passengers activity-
travel diary (ATD) through the fusion and analysis of a variety of conventional and innovative data 
sources, including includes flight schedules, bus and rail schedules, data about the passengers’ access 
to terminal facilities (e.g., boarding card reader data), passenger surveys, and data form personal 
mobile devices (mobile network data, data from mobile apps). The validation approach consists in 
comparing the results from the empirical passengers’ ATDs with the results from the simulation 
models. So far this process has only been conducted for the PMI airport, due to the fact that the mobile 
network data for the LCY case study have become available very recently. The validation of the LCY 
model has been based on expert judgement; a full validation process will be completed as soon as 
empirical ATDs are also available for the LCY airport. 

The results of the validation process show that the models are able to correctly capture the passenger 
flow dynamics at both airports. However, the PMI model validation experiments also reveal some 
important discrepancies with the information extracted from the empirical ATDs, which suggests that 
the PMI airport terminal model calibration still has significant room for improvement, especially 
regarding the modelling of the process at the check-in and security areas. In the next stages of the 
project, as part of WP6 ‘Model Integration and decision support toolset’, the simulation models 
described in this document will be further refined to address these issues. 

Once the models are fully calibrated, they will be integrated with the airport access-egress models 
developed by WP5 ‘Modelling of passenger access and egress’. Finally, the resulting integrated models 
will be used as an input for WP7 ‘Demonstration and evaluation of IMHOTEP ConOps and decision 
support tools’. 
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1 Introduction 

1.1 Scope and objectives 

The goal of IMHOTEP is to develop a concept of operations and a set of data analysis methods, 
predictive models and decision support tools that allow information sharing, common situational 
awareness and real-time collaborative decision-making between airports and ground transport 
stakeholders. The specific objectives of the project are the following: 

1. Propose a concept of operations for the extension of airport collaborative decision-making to 
ground transport stakeholders, including local transport authorities, traffic agencies, transport 
operators and mobility service providers.  

2. Develop new data collection, analysis and fusion methods able to provide a comprehensive view 
of the door-to-door passenger trajectory through the coherent integration of different types of 
passenger movement data collected from personal mobile devices and digital sensors. 

3. Develop predictive models and decision support tools able to anticipate the evolution of an 
airport’s passenger flows within the day of operations and assess the operational impact on both 
airport processes and the ground transport system, with the aim of enabling real-time 
collaborative decision-making between airports and ground transport stakeholders and 
enhanced passenger information services. 

4. Validate the proposed concept and the newly developed methods and tools through a set of 
case studies conducted for the Palma de Mallorca and London City airports in collaboration with 
airports, local transport authorities and transport operators. 

Objective 1 is addressed by WP2 ‘Concept of operations and definition of case studies’. Deliverable 
D2.1 describes the IMHOTEP ConOps, while deliverable D2.2 ‘Specification of Case Studies’ presents a 
set of use cases based on information sharing and real-time coordinated decision-making between air 
transport and ground transport modes. 

WP4 ‘Modelling of passenger terminal processes’ addresses Objectives 2 and 3 for the airport terminal 
processes. The goal of WP4 is to develop and calibrate a modelling tool that reconstructs and simulates 
the flows of passengers inside the airport terminal for the Palma de Mallorca and London City airports. 
The specific objectives of WP4 are:  

• to identify the needs and requirements in terms of model capabilities;  

• to develop a set of data analysis and fusion methodologies for the measurement of the time 
spent by passengers at different airport processes from the information generated by different 
types of personal mobile devices and airport sensors;  

• to develop an airport terminal simulation model for each of the two case study airports; 

• to calibrate and validate the models with empirical data. 

This document describes the specification, design and validation results of the passenger terminal 
processes simulation models developed to achieve these objectives. 
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1.2 Intended readership 

The target audience for this document includes: 

• SESAR JU 

• European Commission 

• Airports 

• AUs 

• ANSPs  

• Network Manager 

• Ground transport stakeholders 

• Relevant SESAR IR projects (e.g., PJ04 TAM) 

• Relevant SESAR ER projects (e.g., TRANSIT, MODUS, X-TEAM D2D projects) 

• Scientific Community 

1.3 Reference and applicable documents  

• Grant Agreement No 891287 IMHOTEP – Annex 1 Description of the Action.  

• IMHOTEP D1.1 Project Management Plan, v01.01.00, March 2021. 

• IMHOTEP D2.1 IMHOTEP ConOps, v0.01.00, February 2021. 

• IMHOTEP D2.2 Specification of Case Studies v.00.01.03, July 2021. 

• IMHOTEP D3.1 Data Management Plan, v01.01.00, March 2021. 

1.4 Structure of the document 

The rest of this document is structured as follows: 

• Chapter 2 describes the research methodology followed to develop IMHOTEP’s airport terminal 
simulation models. 

• Chapter 3 presents a literature review on the use of simulation techniques for modelling airport 
terminal processes, introduces the airport terminal system by describing all the internal 
processes, presents the conceptual model upon which the simulation models are built, and 
describes the data sources used for developing the models of the Palma de Mallorca (PMI) and 
London City (LCY) airports. 

• Chapter 4 provides an overview of the simulation paradigm and the software platform used for 
developing the two simulation models. 

• Chapter 5 describes the methods used for verifying and validating the simulation models. 

• Chapters 6 and 7 introduce the PMI and LCY models, by describing the model infrastructure, the 
passenger properties, the data used for building the model and the results of the model 
validation experiments.  

• Chapter 8 summarises the main conclusions obtained from the development of the two 
simulation models and discusses their further utilisation within the IMHOTEP project. 
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2 Research methodology 

The methodology employed for developing the simulation models of the passenger terminal processes 
is the one presented in Banks et al. (2010). This methodology explains how to conduct a simulation 
study and it is built upon several steps as depicted in Figure 1. 

The first step of the methodology is the “Problem formulation”, where a clear statement of the 
problem under study is given.  

The second step is the “Setting of objectives and overall project plan”, where the main questions to be 
answered by the simulation model should be stated.  

The third and fourth steps are “Model conceptualisation” and “Data collection”. In the model 
conceptualisation step, the level of abstraction of the model is described, together with the main 
assumptions of the simulation model. In the data collection step, the modellers make sure that the 
right data is gathered according to the model’s objectives and that the data is consistent with the 
model conceptualisation. Due to the link between the model conceptualization and data collection, 
these steps are conducted in parallel. 

The fifth step is “Model translation”, where the modellers will need to choose which simulation 
language/software to use for developing the model and then translate the model conceptualisation in 
a computer-recognisable format. 

The sixth and seventh steps are “Verification” and “Validation” (V&V), which are usually conducted in 
sequence. The verification step deals with the correct execution of the processes described in the 
model conceptualisation by the computer-based simulation model. The modellers need to verify that 
the simulation assumptions and dynamics are correctly represented. The validation step ensures that 
the model accurately represents real-world system operations. This process is achieved by comparing 
the simulation results with the real-world system. The less discrepancy between the simulation and 
real-world system results, the better the accuracy of the model, which leads to the successful 
validation of the model. This process can be reiterated, until the model accuracy obtains acceptable 
levels (model calibration).  

In the eighth step, the “Experiment design”, the length of the simulation, the number of runs and the 
setting of the scenarios to be simulated are defined, while in the ninth step, “Production runs and 
analysis”, the simulation runs and the analysis of the results are performed. Often, based on the 
analysis of the results, the modellers can decide to perform more runs and/or modify the design of the 
experiments (tenth step “More runs?”).  

In the eleventh step, “Documentation and reporting”, the history of the model development is tracked 
so that it will make it easy for users to understand and use the model. Moreover, the analysis of the 
results should be reported, so that the decision-makers can base their decisions and recommendations 
on the reported analysis of the results.  

The final step “Implementation” is directly linked with all previous steps. A successful implementation 
of the simulation model is achieved by continuously involving the end users and by conducting properly 
the previous steps. 
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Figure 1: Methodology for developing the simulation models. (Banks et al., 2010) 

IMHOTEP’s WP4 ‘Modelling of passenger terminal processes’ has followed the above methodology 
until the seventh step “Validation”. Steps eight, nine, ten and twelve will be covered WP6 ‘Model 
Integration and decision support toolset’ and WP7 ‘Demonstration and evaluation of IMHOTEP ConOps 
and decision support tools’. Step eleven “documenting and reporting”, will be covered across WP4, 
WP5, WP6 and WP7. 

In the next chapters of this document, we will describe the passenger terminal processes model 
conceptualisation, data collection, model translation, verification and validation. We will refer to them 
as the simulation study “steps” using the following notation: step 1, step 2, step 3, step 4, step 5, step 
6, step 7, step 8, step 9, step 10, step 11 and step 12. 
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3 Airport terminal processes modelling 

Airports are part of the physical infrastructure of the air transport system. The spatial delimitation of 
airports includes both airside and landside areas, while the true limits of an airport region stretch into 
a much wider territorial area at regional level (Kasarda and Lindsay, 2011). The airside area includes 
runways, taxiways, and apron/gate complex providing the aircraft ground handling, while the landside 
area includes the passenger and freight/cargo terminal(s), the airport ground transport and connection 
access modes. 

One of the main infrastructures of the airport is the terminal complex, where there are different flows 
of passengers: departure, arrival and transfer. They are directed from/to the aircraft gates via different 
processes such as check-in, security control, passport control, baggage claim, etc. The airport terminal 
represents the exit or entry nodes/points where passengers can enter or leave the system, and it 
serves as an intermodal interchange point between different modes of transport. 

The airport passenger terminal has three main user classes: the passenger, the airline and the airport 
operator (Janic, 2021). The goal of the airport passenger terminal is to provide passengers with the 
best travel experience by performing two main functions:  

1. Facilitating a smooth exchange between transport modes.  

2. Ensuring an efficient processing of the passengers’ flows i.e., check-in, baggage drop-in, security 
check, etc., and change of movement type e.g., from discrete batch movements (aircraft), 
continuous access of passengers to the airport terminal (arriving and departing groups) (Ashford 
and Wright, 1992., p. 286). 

3.1 Literature review on the use of simulation for modelling airport 
terminal processes 

The assessment of the airport terminal performance can be approached by the analysis of the flows 
and queues of different entities/agents (passengers and baggage), facilities, equipment, transport 
modes, etc., that take place at the level of the airport terminal. Queuing models are often applied to 
the analysis of airport terminal processes, especially to security checkpoints (Gilliam, 1979; 
Olapiriyakul and Das, 2007; Wang, 2017; Li et al., 2018). The queuing models apply a capacity 
constraint to passenger flows and compute the processed and the accumulation of unprocessed flows, 
and the delay associated with these flows. More specifically, the queuing models evaluate the flow of 
passengers in each time increment and compute the accumulation of passengers and the total delay 
time for each time increment. The source data used in these types of models include airline flight 
schedules and airline or airport information on load factors. 

Simulation models are particularly useful to analyse passengers handling systems with a high level of 
detail. They are also useful to test different scenarios for the same system (Horonjeff and McKelvey, 
1994, p.493). The most used simulation approaches have been agent-based simulation (ABS) and 
discrete event simulation (DES). The former fits best to instances where the individual behaviour 
passengers within the terminal is relevant; in this approach, the agents (passengers) of the simulation 
model can make their own decisions and interact with other agents. DES fits best cases that 
concentrate on the performance evaluation of specific terminal facilities. Here, passengers follow a 
predefined path and interact with facilities rather than with other passengers.  
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There is an extensive number of studies that deal with the problems of airport landside capacity and/or 
passenger terminal operations and planning. Most of these studies consider the airport terminal 
processes as isolated systems and focus on specific flows (e.g., check-in, security checkpoints, baggage 
system, etc.). The check-in process is one of the most investigated: for instance, Chun et al. (1999) 
developed a simulation model based on DES for predicting resource demands, in particular the number 
of check-in counters required for reaching a certain level of service. Another work that used DES 
applied to check-in allocation is the one from Mujica et al., (2015). In this study a simulation model of 
the check-in area was developed in combination with an evolutionary algorithm for best allocation of 
the check-in desks. Ma et al. (2011) simulated the departure hall by including check-in processes, 
information kiosks and passengers’ dwelling time, by employing agent-based simulation. This model 
was developed for understanding passenger behaviours and predicting future capacity constraints. 
Kierzkowski and Kisiel (2017) developed a DES model for managing the check-in desks schedule with 
the objective of obtaining a uniformly distributed stream of passengers that would then go towards 
the security process. The check-in schedule management was based on maximum acceptable time in 
queue and queue length. Another process widely studied is the security process, which is often 
considered as the bottleneck of the airport terminal system. Kierzkowski and Kisiel (2016) developed 
a DES model of the security process. In their study, the objective was to maintain an acceptable 
passenger service quality. Chiti et al. (2018) developed a DES-based platform for predicting waiting 
times at security checkpoints and the number of security checkpoints required. Mujica et al. (2021) 
developed a DES model for evaluating different policies based on passengers’ category priority and to 
evaluate the use of new technology considering throughput and queuing times as performance 
indicators. Janssen et al. (2019) developed an agent-based simulation model to evaluate the security 
and efficiency of security checkpoints at airports. The security of the system was evaluated in terms of 
the risk of an improvised explosive device attack and efficiency was evaluated in terms of queuing time 
and number of passengers/staff in the area.  

Safety in airport terminals was dealt with in the work of Manley et al. (2015), where an agent-based 
simulation model was developed for an airport emergency evacuation plan. This work puts emphasis 
on how the physical structure of the airport terminal affects the evacuation process and highlights the 
most vulnerable groups of passengers. Some works have focused on the baggage flow instead of the 
passenger flow. For instance, De Barros et al. (2007) dealt with the baggage screening process at 
security checkpoints by developing a DES model with the objective of evaluating the impact of stricter 
security measures for baggage screening on the efficiency of the security system. Cavada et al. (2017) 
simulated the baggage handling system of an international airport. They used DES for evaluating the 
interaction of the baggage handling subsystem with other subsystems of the airport terminal, such as 
the check-in areas and the baggage claim areas. Furthermore, it was possible to evaluate the impact 
of the baggage handling system performance on passengers’ performance such as queuing times at 
check-in desks and waiting times at the baggage claim area.  

Other studies consider the airport terminal processes in an integrated fashion. One of the first studies 
to do so was the one by Gatersleben and van der Weij (1999), where a complete airport terminal 
simulation model was developed by using DES. This work had the objective of finding potential 
bottlenecks in the system and providing solutions for them. Fayez et al. (2008) developed a generic 
tool for simulating passenger flows in the airport terminal and evaluating the Level of Service (LoS) in 
different areas. However, this tool does not model the airport processes in detail, and therefore it can 
be used only for high-level analysis. Manataki and Zografos (2010) and Schultz and Fricke (2011) 
developed agent-based simulation models to evaluate high-level and tactical decisions aimed to 
influence and improve the flow of passengers within airport terminals. Similar studies address how to 
cope with the stochastic behaviour of passenger movements within airport terminals (Schultz, 2013) 
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and how to provide efficient guidance to passengers and enable individual navigation in the complex 
terminal (Schultz et al., 2007). Beck (2011) developed a simulation model of Heathrow Terminal 5 with 
the objective of evaluating resource requirements, such as number of check-in desks and staffing 
levels. In Fonseca i Casas et al. (2014) an agent-based simulation model for the Barcelona Airport 
Terminal was developed. They proposed a micro simulation where all processes were modelled in high 
detail. Alodhaibi et al. (2016), developed a DES simulation framework for modelling the airport 
terminal processes. Their work focused on the departure flow of passengers with the objective of 
assessing and predicting the airport efficiency. 

For studies where only individual processes are considered, DES is more employed than ABS. As 
previously remarked, DES is more suitable for modelling systems that resemble queuing systems, 
where the interactions between agents do not have a high impact. For example, at check-in desks or 
at security checkpoints, passengers (agents) follow a predefined path (queue) before being processed; 
therefore, there is not much interaction between them and the surroundings. On the contrary, when 
more processes are integrated, it becomes critical to understand and evaluate the interactions 
between passengers, airport facilities and physical barriers: in such cases, an ABS approach is more 
suitable. 

Since the COVID-19 pandemic started, many articles have been published about the impact that it had 
on aviation. Among these, Suau-Sanchez et al. (2020) discuss the impact on structural aspects of 
aviation in the medium/long term, mentioning supply, demand, regulations, and business ethics. Other 
authors focus on the economic aspect of the aviation industry (Serrano and Kazda, 2020), and on 
airport operations (Choi, 2021). In these articles, new sources of revenues and strategies based on 
passengers’ behaviour in airports during and post-pandemic are discussed. The impact of COVID-19 on 
the air transportation network and air traffic management is discussed by Sun et al. (2020), Hotle and 
Mumbower (2021), Guo et al. (2021), and Scala et al. (2021). The aircraft boarding problem was tackled 
by Schultz and Fuchte (2020), who developed a model for evaluating the transmission risk in the 
aircraft cabin, which was applied to optimise the boarding of passenger group (e.g., families, couples) 
(Schultz and Soolaki, 2021). The results showed a reduction of boarding time by about 60% and less 
transmission risk (reduced by 85%) compared to the standard boarding. In Kierzkowski and Kisiel 
(2020) the security control operations were modelled to evaluate the impact of social distancing. They 
found that the best queuing policy would be to use lanes with dedicated service areas for passengers 
at their entries rather than implementing a free-flow approach along the lane. 

3.2 Model conceptualisation 

In the IMHOTEP project, we will develop agent-based simulation models where all the processes within 
the airport terminal are modelled. This will allow us to evaluate the interaction between passengers, 
and between passengers and infrastructures. Furthermore, we will evaluate the airport terminal 
performance by following an integrated approach, where the links between the different processes 
and the entire passenger trajectory within the airport terminal are considered.  

Before simulating the airport terminal processes, it is necessary to define a conceptual model (step 3 
of the simulation methodology described in Chapter 2). The conceptual model describes the dynamics 
of the real system that will be translated into the simulation model, and can be developed in a formal 
or in an informal way (Robinson et al., 2015). A conceptual model usually requires the definition of the 
objectives, the level of abstraction, input, output, assumptions, and simplifications of the simulation 
model that will be developed. All these aspects are described below. 
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3.2.1 Model objectives 

The objective of the simulation models is to provide a virtual environment where all the typical 
processes of an airport terminal are included. The model will be used to evaluate the airport terminal 
performance under two main points of view: under a passenger point of view, it will evaluate the LoS 
through the different airport terminal areas; under an airport management point of view, it will 
evaluate the utilisation of the existing resources and determine areas for efficiency improvement. The 
simulation model of the airport terminal processes will be useful for testing different scenarios based 
on the IMHOTEP ConOps defined in deliverable D2.1. 

3.2.2 Level of abstraction and processes description 

3.2.2.1 Level of abstraction 

In line with the objectives of the simulation model, the level of abstraction required is 
passenger-specific, meaning that the model shall simulate each passenger’s flow within the airport 
terminal. The model will also consider the terminal surface constraints and passenger interactions. We 
distinguish three passengers’ flows: departure, arrival, and transfer. The conceptual model has been 
built based on these three flows, as they are depicted in the flowcharts of Figures 2, 3 and 4.  

The departure flow starts by passengers accessing the airport terminal from one of the entry points. 
Then it continues at the check-in desk, where passengers will obtain their boarding pass and/or will 
check their baggage. After that, the passengers go through the boarding pass scan and, according to 
the passengers’ status (domestic or international), through the passport control and then trough the 
security control (security checkpoint). Once passed the security control, passengers will decide either 
to stop at the shopping/catering area or continue directly to the gate area, where they will wait before 
boarding (see Figure 2). 

 

Figure 2: Passengers’ departure flow 
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The arrival flow follows almost the opposite path compared to the departure one. The passengers 
access the terminal from one of the arrival gates and walk through the terminal until they reach the 
baggage claim area. According to the status of their flight, Schengen or non-Schengen, they will go 
through the passport control before reaching the baggage claim area. After having picked up their 
baggage, the passengers will end their itinerary by reaching one of the exit points of the terminal (see 
Figure 3). In this specific context we did not model any custom processes. 

 

Figure 3: Passengers’ arrival flow 

The transfer flow occurs when passengers need to move from their arrival gate to their new departure 
gate without needing to access the check-in area. The starting point of the passenger’s flow is at one 
of the arrival gates. Then, according to their status (Schengen or non-Schengen), it continues through 
the passport control. Passengers may spend their idle time in the shopping/catering area or go directly 
to the departure gate area before boarding the departure gate (see Figure 4). For some airports 
security processes are conducted when there are passengers travelling from/to international 
origins/destinations; however, this does not apply to the case studies considered within the IMHOTEP 
scope. It is worth noticing that the passengers’ flow described previously might slightly change based 
on the specific case study applied. Therefore, these flows will be presented again when we will 
introduce the case studies. 

 

Figure 4: Passengers’ transfer flow 
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3.2.2.2 Airport terminal processes 

In this section we describe all the processes that have been mentioned in the passengers’ flows and 
that have been included in the simulation models. These processes are grouped based on the areas of 
the airport terminal where they take place 

• Departure hall: this is the area where departure passengers access the terminal and prepare 
their journey. Passengers will go through the check-in desk for obtaining the boarding pass and 
to check their baggage. Besides the check-in processes, the departure hall includes info points, 
ticketing desks, waiting areas and catering/shopping areas. The departure hall should be big 
enough for accommodating the outgoing flow of passengers during the day in accordance with 
the established LoS (IATA, 2021), which regulates the passengers’ comfort level by ensuring 
enough space and acceptable queuing times.  

o Check-in process: here passengers get their boarding pass and check their baggage. 
Usually, this facility requires an operator who will process the passengers by issuing the 
boarding pass and handling the check-in of the baggage. Nowadays, with the 
development of new technology, there are, at many airports, new check-in facilities 
besides the common check-in desk such as the self-check-in (boarding pass) and the 
self-baggage check-in. These facilities allow passengers to autonomously issue their 
boarding pass and to check their baggage. In Figure 5 we can see an example of a check-in 
counter (manual (a) and self (b)), a self-bag tag (c) and a self-bag drop-off. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5: Examples of a check-in counter (manual (a) and self (b)), self-bag tag (c), and self-bag drop off (d) at 
London City Airport (LCY). 
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• Security area: this is the area where the passengers undergo all the necessary security controls 
that allow them to board the aircraft. In this area the passengers carry out two processes: the 
boarding pass control and the security control. Thus, only passengers who hold a valid boarding 
pass can access this area.   

o Boarding pass scan: in this process passengers scan their boarding pass by going through 
automatic boarding pass readers. Airport staff is not involved in this process unless 
passengers have issues with the boarding pass readers and require their help. This process 
usually requires little effort both from passengers and airport staff. Figure 6 shows a row 
of boarding pass reader gates. 

 

Figure 6: Boarding pass reader gates at Palma de Mallorca Airport 

o Security checkpoint: this is one of the most critical processes, as it must ensure safety for 
passengers in the airport terminal environment and in the aircraft. In this process, both 
passengers and their bags are scanned to make sure that they do not carry hazardous 
materials/items. At the security checkpoint both airport staff and x-ray scan facilities are 
employed. The security control process is made by different activities such as passengers’ 
reception (divestment area), passengers’ bags/items scan, passenger’s body scan, 
bags/items collection, and sometimes an extra bag/item manual scan. To carry out these 
activities, several airport staff members are required, leading often to longer processing 
time when compared with other processes like the check-in process. That is why the 
security control process is often considered as one of the main bottlenecks of the airport 
terminal system. Figure 7 shows an example of a security checkpoint including bag scan 
and body scan facilities. 
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Figure 7: Security bag and body scan 
(Source: https://blog.aci.aero/the-last-piece-of-the-puzzle-ct-scanners-at-security-checkpoints/) 

• Post-security area (airside): this is the area right after the security checkpoint. It represents the 
last part of the passengers’ itinerary within the terminal before boarding the aircraft. The main 
areas identified in the post-security area (airside) are briefly described below. 

o Shopping/catering area: areas where passengers can spend time until their boarding time 
start. Usually there is a variety of shops and restaurants in this area. 

o Gate area: this is a sitting area next to the boarding gate, here passengers can sit and 
gather before the aircraft boarding process starts (see Figure 8). 

o Boarding gate: here the aircraft boarding process starts. Airport staff checks both 
passengers’ boarding pass and ID, before they allow them to board the aircraft. The 
duration of this process and the forming of queues depends on the different aircraft 
boarding strategies (Schultz, 2018). 

 

Figure 8: Example of a gate area at London City Airport 

https://blog.aci.aero/the-last-piece-of-the-puzzle-ct-scanners-at-security-checkpoints/


D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

30 
 

 

• Passport control: in many countries this process is mandatory for passengers travelling to/from 
international destinations/origins. For departure passengers, this process occurs either before 
or after security, while for arrival passengers, it occurs before the passengers reach the baggage 
claim area. For transfer passengers this process occurs before they reach the new departure 
gate. It is worth noting that some countries (e.g., the UK) do not have a passport control process 
for departure passengers; therefore this process can slightly change according to the country. 
Figure 9 shows an example of a manual passport control counter. 

 

Figure 9: Example of a manual passport control counter at Palma de Mallorca Airport 

• Arrival hall: in this area there is a flow of arrival passengers who are moving towards the exit of 
the airport. If passengers have checked a baggage, they will stop at the baggage claim to pick up 
their baggage, otherwise they will directly move toward the exit. 

o Baggage claim: this is the area dedicated to pick up the baggage. Usually airports have 
several baggage belts, each of them with one or multiple flights assigned. Passengers wait 
in front of the baggage belts until their baggage is ready to be picked up. The process 
duration depends on the size of the airport and how fast the baggage is handled by the 
ground handlers. 

• COVID-19 extra processes: since the start of the COVID-19 pandemic, airport terminals had to 
put in place new safety measures for the passengers. For instance, in the context of physical 
distance, a distance of at least 1 meter (IATA, 2021) or 6 feet (2 meters) (FAA, 2021) is required. 
These measures have added extra airport terminal processes such as temperature check, COVID-
19 test certificate check, and health self-declaration check, which have become standard 
procedures at most airport terminals. These processes are fitted into the existing airport 
terminal processes in different moments of the passenger trajectory (arrivals, departures, 
transfers). Moreover, some airports are equipped with facilities for conducting quick COVID-19 
tests, to let passengers travel to countries where a negative test is required within few hours 
before the time of departure. 

o Temperature check: body temperature is usually checked at the entrance of the airport 
terminal for departure passengers and between the arrival gate and baggage claim area 
for arrival passengers.  
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o Health self-declaration check: it is usually checked either before security control or 
before the boarding gate.  

o COVID-19 certificate check: this document is usually checked at the check-in desk. Due to 
this mandatory process, many airports have stopped using the self-check-in desks and 
now they are only using manned check-in desks.  

o COVID-19 antigen test: this is an optional process for the passengers and it depends on 
the availability of such facility. Passengers can book their test well in advance and will 
receive the test results the same day within few hours (London City Airport, 2021). The 
area dedicated to testing is usually placed right outside the terminal (London City Airport, 
2021) or within terminal in the departure hall (Eurofins, 2021). 

3.2.3 Model inputs and outputs 

3.2.3.1 Inputs   

The simulation model needs as input a flight schedule where flights (departures and arrivals) are 
scheduled at specific gates. The flight schedule provides as input the number of passengers that are 
expected to access/exit the airport terminal.  

Another source of input data is the number of facilities in the terminal and their processing times. 
Therefore, accurate blueprints of the terminals are required, as well as historical data about the 
processing times and facilities utilisation (e.g., check-in counter allocation, security lines utilisation, 
passport counters/gate utilisation etc.).  

Input data about passengers’ behaviour such as arrival time at the terminal, travelling in groups, 
number of bags carried, propensity to shop/eat at the terminal, etc. provide the model with a higher 
level of detail.   

Finally, the model is also fed with the outputs of the model developed in WP5 ‘Modelling of passenger 
access and egress’, which provides the number of passengers arriving in the airport and their airport 
terminal access location.  

3.2.3.2 Outputs   

The outputs of the simulation model include different data about the passengers’ flow within the 
terminal and about the airport terminal resources utilisation. The first category assesses waiting times 
and passengers’ density in the different airport terminal areas. The second category evaluates the 
efficiency of the management of the resources by the airport operator. 

3.2.3.3 Interaction between the passenger terminal process simulation model 

(WP4) and the passengers access/egress simulation model (WP5)  

The simulation model of the passenger airport terminal processes developed in WP4 will be integrated 
with the simulation model of the airport access/egress developed in WP5. In this section, we specify 
the interface requirements for integrating the two models.  
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The models developed in WP4 and WP5 will communicate with each other by exchanging information 
about passenger flows. Specifically, the output of the WP4 will be used as input of the WP5 and vice 
versa (see Figure 10).  

The output of WP4 will be the number of passengers leaving the airport terminal from a specific exit, 
at a specific time. This output will be aggregated according to a specific time interval based on the 
system’s state update of the WP5 model. For example, it could be aggregated according to the number 
of passengers leaving the airport terminal in a time-interval of 5, 15, 30, 60 minutes.  

The output of the WP5 model will feed the WP4 model with the number of passengers accessing the 
airport terminal, at a specific time, using a specific access point and a specific access mode (bus, train, 
car, etc.). The data aggregation level depends on the time-interval system’s state update of the WP5 
model. 

 

Figure 10: Input/output between WP4 and WP5 models 

3.2.4 Assumptions and simplifications 

In a simulation model, assumptions and simplifications are usually identified for formulating the 
boundaries and the granularity of the model. Assumptions allow the modellers to overcome some 
uncertainties and/or difficulties in the modelling of the real-world system (Robinson et al., 2015). They 
can be expressed in mathematical, logical, and symbolic relationships between the entities of the 
system.  

The main assumptions made for the development of the airport terminal simulation model are the 
following: 

• All the processing times for each of the airport terminal processes are based on field data 
collection and data provided by the airport partners. The processing times data collected were 
fitted into probability distributions and used in the simulation models.  

• The check-in counters will be available for the use of passengers of specific flights according to 
defined opening and closing times. As we do not have specific data about their opening/closing 
times, they will be open 2 or 3 hours before the scheduled departure time (SDT) depending on 
the type of flight (international or domestic). The closing time is 40 minutes before SDT. 
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• Passengers who arrive at the airport terminal (departure hall) too early for checking-in their 
flights (using check-in counters) will wait in predetermined areas until the check-in counters 
assigned to their flight will open. 

• Passengers choose to visit recreational areas (shopping-restaurants) based on their time left 
before the boarding time. By using data about passengers’ behaviours within the terminal (from 
surveys), we will model passengers’ propensity to go to shopping or catering areas. This 
passengers’ propensity is translated into a probability value and implemented into the model. 

• Passengers who arrive too late at the airport terminal or spend too much time undergoing the 
terminal processes (e.g., check-in, security control, passport control, etc.) will miss their flight if: 
(i) the check-in counter is already closed; (ii) the boarding gate is already closed. 

• Airport facilities such as check-in counters, boarding pass readers, security checkpoints, and 
passport control counters use by default a minimum number of resources (number of 
facilities/equipment). The use of these resources increases or decreases according to rules 
based on threshold values of the queuing waiting times and/or queue length. An example of this 
rule is the following: add (remove) a service if the queuing waiting time is higher (lower) than 
10 minutes. 

• Passengers have predefined comfort distances when spending time in common areas. This 
comfort distance is increased when a COVID-19 scenario is applied. 

• Passengers walk according to a predefined walking speed, regardless the passengers’ age. 

• All the airport terminal processes are modelled like server objects, characterised by a processing 
time and a processing capacity (how many passengers can be simultaneously processed). For 
each of them the processing capacity is one, while the processing time varies according to the 
specific service. 

• All the passengers inside the airport terminal apply the shortest path for accessing the next 
process from their current locations. 

3.2.5 KPIs implemented 

In accordance with the KPIs defined in the deliverable D.2.2 IMHOTEP Case Studies, the following 
performance indicators will be calculated for the airport terminal simulation model. These KPIs are 
classified based on three categories: efficiency, predictability, and capacity.  

• Efficiency: 

o Average and standard deviation of the waiting (queueing) time at the check-in counter. 

o Average and standard deviation of the waiting (queueing) time at the security control. 

o Average and standard deviation of the waiting (queueing) time at the passport control. 

o Average and standard deviation of the waiting (queueing) time at the gate. 

o Average and standard deviation of the waiting (queueing) time at the baggage claim. 

o Average and standard deviation of the total time spent in the terminal from terminal 
access to departure gate. 

o Average and standard deviation of the total time spent in the terminal from arrival gate 
to terminal exit. 
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• Predictability: 

o Average and standard deviation of the difference between actual and estimated arrival 
time at check-in counters. 

o Average and standard deviation of the difference between actual and estimated arrival 
time at security control. 

o Average and standard deviation of the difference between actual and estimated arrival 
time at passport control. 

o Average and standard deviation of the difference between actual and estimated arrival 
time at gate. 

o Average and standard deviation of the difference between actual and estimated arrival 
time at baggage claim. 

o Average and standard deviation of the difference between actual waiting time (AWT) and 
estimated waiting time (EWT) at check-in counters. 

o Average and standard deviation of the difference between actual waiting time (AWT) and 
estimated waiting time (EWT) at security control. 

o Average and standard deviation of the difference between actual waiting time (AWT) and 
estimated waiting time (EWT) at passport control. 

o Average and standard deviation of the difference between actual waiting time (AWT) and 
estimated waiting time (EWT) at gate. 

o Average and standard deviation of the difference between actual waiting time (AWT) and 
estimated waiting time (EWT) at baggage claim. 

o Average and standard deviation of the difference between actual and estimated total 
time spent in the terminal from terminal access to departure gate. 

o Average and standard deviation of the difference between actual and estimated Total 
time spent in the terminal from arrival gate to terminal exit. 

• Capacity: 

o Airport terminal throughput. 

o Check-in area throughput. 

o Security area throughout. 

o Passport control area throughput. 

3.3 Data sources 

The development of the simulation model requires input data that are either provided directly by the 
airports and other stakeholders and/or retrieved from publicly available datasets. The passenger 
terminal processes simulation model combines information from the airports about incoming and 
outgoing air traffic, including flight schedules and flights characteristics (number of passengers, airline, 
destination, etc.). Additionally, data about terminal processes such as facility configurations and 
processing times is needed. This type of data is critical to evaluate the current and/or required terminal 
capacity to support a given volume of passengers maintaining an acceptable LoS for the passengers. 
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These data will include data on the airport systems and processes (e.g., airport layout, flight schedules, 
gate allocation, etc.), aggregated data on the use of airport facilities (e.g., data on the use of the parking 
facilities, passenger flows at the check-in counters, passport control and security checkpoints, etc.), 
and disaggregated data on the passenger itineraries in the terminal generated by airport sensors, such 
as boarding pass scanners and Wi-Fi sensors. Data about passengers’ characteristics is also important 
as they will shape the passengers’ profiles and drive the behaviour of the passengers within the 
terminal. This type of data will be provided by airport operators (surveys) and/or inferred from mobile 
phone and mobile apps data. 

The data required for the simulation models is presented in Tables 1, 2, and 3. 

Table 1. Geometry and resources 

Data Source Description 

Airport Terminal 
layout 

Palma de Mallorca 
(PMI)/London city 
airport (LCY) 

Detailed layout of the airport terminal (entries/exits; 
all different areas e.g., check-in, security, passport 
control, gate baggage claim) 

Resources of the 
airport terminal 

Palma de Mallorca 
(PMI)/London city 
airport (LCY) 

Number of check-in desks (self-service), boarding pass 
controls, security control checkpoints, passport 
control, gates, baggage claim, etc. 

Check-in desks 
allocation per 
airline 

Palma de Mallorca 
(PMI)/London city 
airport (LCY) 

Data on how the check-in desks are allocated among 
the airlines/ground handlers 

Facilities 
processing times 

Palma de Mallorca 
(PMI)/London city 
airport (LCY) 

Data about the processing times of facilities such as: 
check-in counters, security operations, immigration 
operations. The processing times can differ according 
to the different technologies of the facilities and 
passengers’ characteristics (leisure, business, 
travelling in group or alone). 

Table 2. Passenger information 

Data Source Description 

Passenger type Flight schedule / WP5 
access/egress model 

Arriving and departing passengers 

Passengers with 
baggage 

Airport surveys Departing passengers: do passengers need to drop 
the baggage at the check-in desk? (yes/no) 
Arriving passengers: do passengers need to collect 
the baggage at the baggage claim? 

Number of bags Airport surveys Number of bags carried by passengers 

Passenger groups WP5 access/egress 
model 

Do passengers travel alone or in groups? It specifies 
the number of passengers traveling together 

Travel purpose Airport surveys Business, Leisure, other. 
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Data Source Description 

Entry/exit WP5 access/egress 
model 

From which entry/exit does the passenger access/ 
leave the airport? 

Airport 
access/egress type 
(modal split) 

Airport surveys Which mode of ground transport is used for airport 
access/egress? 

Passengers’ 
airport access 
profile  

WP5 access/egress 
model 

How long before the SDT do passengers access the 
airport terminal? 

Table 3. Flight information 

Data Source Description 

Flight number Flight schedule/WP5 
access/egress model 

The flight number for each flight 

Airline operator Flight schedule/ WP5 
access/egress model 

The airline operating each flight 

Departing and 
arrival scheduled 
time 

Flight schedule Scheduled time for departing flights ad arriving flights 

Scheduled gate 
closing time 

Flight schedule The time where the gates are closed for boarding 

Gate number Flight schedule Gate number for each flight (departing, arriving) 

Airport of 
origin/destination 

Flight schedule Code of the airport of destination (for departing 
passengers), of the airport of origin (for arriving 
passengers) 

Check-in desks 
opening/closing 
time 

Flight schedule Time allocation for each flight to check-in desks 
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4 Development of the simulation model 

4.1 Simulation paradigm: agent-based simulation 

The most common approaches to simulate airport terminal processes are ABS and DES. 

• Agent-based simulation (ABS): in the last ten years, agent-based simulation models have been 
adopted in social sciences, economics, geography and ecology as a new paradigm for 
investigating complex systems. This technique has been widely used to model processes 
whenever a social view is required, for example to observe how different types of users interact 
with a certain dynamic environment. The agent-based approach has the advantages of capturing 
emergent phenomena and being flexible in term of dealing with many variables and parameters 
and with adaptive agents (Dammen et al., 2015). The agent-based approach views the system 
to be modelled as a multi-agent system, i.e., as consisting of autonomous agents interacting in 
and with an environment (Grimaldo and Norling, 2015). Each individual agent or entity has its 
own specific attributes and behaviour. The attributes are the heterogeneous features that 
capture key characteristics of the entities, and the behaviour is the action that the entities 
execute based on the entities’ decision-making processes and their attributes. To build an agent-
based model, it is necessary to specify both the structure of the model and its dynamic behaviour 
over time.  

• Discrete event simulation (DES): discrete-event system simulation is the modelling of systems 
in which the state variable changes only at a discrete set of points in time (e.g., time intervals). 
It is the most popular object-oriented modelling and simulation approach for modelling a system 
as a process, i.e., a sequence of operations being performed over agents such as customers, 
parts, documents, etc. These processes typically include delays, usage of resources, and waiting 
in queues. Each operation is modelled by its start event and end event, and no changes can take 
place in the model in between any two discrete events. The whole system is characterised by a 
state that is defined once the entity attributes are known. These entities or objects interact and 
evolve through internal and external rules and events. In a discrete event model, changes of the 
system’s state dynamics are associated with events. Events can be set in a deterministic order 
or can be randomly scheduled. Discrete-event applications can be found on the most diverse 
fields where processes are present such as the container terminals, supply chains, business 
processes, to name a few. 

The IMHOTEP’s airport terminal models will be based on the ABS paradigm. The application of ABS to 
study airport operation system can help better understand the travel behaviour of passengers, 
especially how and why air travellers make decisions before a trip (pre-planned) and within a trip, and 
how does the system perform in such a circumstance (Federal Highway Administration, 2014). Through 
a dynamic ABS model, we can evaluate the inherent variability of the airport terminal system and 
evaluate the interactions between different agents (passengers) and the operational processes. ABS 
modelling provides a more detailed representation of the individual passenger trajectories, allowing 
the study of how the passengers move inside the airport, including discretionary activities (e.g., 
shopping), and the analysis of how the visited locations and the time spent at each of them varies with 
personal preferences, trip purposes, etc. 

The model conceptualisation has been translated into a computer-based model by employing a 
dynamic passenger flow simulation software, CAST Terminal (ARC, 2021 
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4.2 Description of the simulation software 

The conceptual model has been translated into a computer-based model by using the passenger flow 
simulation software CAST Terminal (ARC, 2021). This software provides a library with objects that 
resemble the real airport terminal facilities and allow modellers to recreate the airport terminal 
environment. In this section we describe the objects which were used for building the simulation 
models of the IMHOTEP case studies.  

• Flow generation: this category contains objects useful for the generation of entities. 

o Airport database: a flight schedule can be imported and edited. Passengers and baggage are 
created based on the imported flight schedule, and the passengers created inherit all the 
flights information from it. 

o Object generator: taking data from the flight schedule of the airport database, it creates 
entities (passengers and baggage). In this object, the properties related to the entities can be 
crated and configured. 

 

(a) 

 

(b) 

 

(c) 

Figure 11: Airport database and Object generator (a), Flight schedule importing (b),  
Setting up of entities properties (c) 
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• Functional bocks: this category contains objects useful for the configuration of the entities’ flow 
within the model. 

o Object configurator: it allows the creation of lists of locations/services that must be visited 
by passengers. Some locations/services are subject to the fulfilment of specific conditions in 
order to be visited. 

o Object exit: it allows the collection of information about passengers who are removed from 
the model. Users can choose which properties to collect. 

 
(a) 

 
(b) 

 
(c) 

Figure 12: Object configurator (a), Object exit (b), Object configurator view (c) 

• Model entities: these are the basic entities that can be created in a model. 

o Person (passenger): it is the main object of a CAST Terminal simulation model. A person 
moves freely through terminal areas and holds different categories of information: 
entry/exit, flight, personal and luggage. Additional properties can be created and assigned to 
them. 

o Regular bag: it represents the hand/cabin bag of a passenger. 

 
(a) 

 
(b) 

Figure 13: Person (a), Regular bag (b) 
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• Basic objects: these objects are essential for building the infrastructure of the simulation model.  

o Room: it is the most basic infrastructure element in CAST Terminal. It represents the 
environment in which objects can be placed and passengers can move. Rooms can be linked 
to each other allowing passengers to go from one room to the other.  

o Queue plate: it is the area where passengers stand in line and wait to transact at a service. 
Queue plates are always linked to a service and cannot exist as stand-alone. To gain 
computational performance and let the simulation model run faster, the simulation model 
shows the passengers who are physically queuing at the different process (check-in, security, 
passport control etc.). When the queue plate is full, the passengers start to accumulate from 
the last position of the queue plate; however, they are not visible in the simulation model. 
This is only a visual aspect, as the simulation model still considers these passengers. 

o Common queue: it is a queue plate that can be attached to a multiple number of services. 

 
(a) 

 

 

 

 

 

(b) 

 

(c) 

Figure 14: Room (a), Queue plate (b), Common queue (c) 

o Room entry: it is the point where passengers enter a room. 

o Exit transitions: they allow passengers to leave the model. 

 

(a) 

 

(b) 

Figure 15: Room entry (a) and Exit transition (b) 
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• Facilities and services: these are service objects that can be found in any airport terminal. Each of 
them has a queue where passengers wait before being processed and a counter/walk-through 
element where the passengers are processed. For each of them, properties about the processing 
time and the processing capacity of both the queue element and the counter/walk through 
element can be set. 

o Check-in counter with bag feeder: it allows the passengers to perform the check-in and to 
drop off the baggage. After the baggage drop off process, the baggage can be automatically 
destroyed if it is not needed in the model, otherwise, can be connected to further objects for 
recreating the baggage flow. In the context of this project, given the granularity of the 
processes modelled, we consider baggage to be destroyed after they will be dropped off at 
the check-in counter. 

o Boarding pass control: it simulates the boarding pass scan process. 

o Security control: it simulates the process of a security check point. According to the level of 
detail of this object, airport staff can or cannot be visible. The only process which is visible is 
the passenger body scan. The entire security control process, including passengers’ body scan 
and bag scan, is modelled by assuming the processing time that would take for performing 
both operations. 

o Passport control: it simulates the passport control process. By setting the processing time 
we can differentiate between manual and automatic operations. 

o Gate control: it simulates passengers being controlled at the gate, e.g., control of the 
boarding pass before entering the aircraft. 

o Circular belt: it is the object where passengers pick up their baggage. It consists of an object 
(red) where the baggage are created, a conveyor element (black) where the baggage move, 
and queue plates (light blue) where passengers wait to pick up their baggage. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Figure 16: Check-in with bag feeder (a), Boarding pass control (b), Security control (c), Passport control (d), 
Gate control (e), Circular belt (f). 

• Dwelling areas: these objects represent areas where passengers can spend some idle time. Here 
the main characteristics to be set is the dwelling time, which can be set either based on a 
transaction time or based on a release time property. 

o General area: it is an area that can be used for multiple purposes, for example as a waiting 
area for passengers. 

o Shopping area: it is an object where the shopping behaviour of persons is simulated based 
on a predefined dwell time. To define the dwelling time of a person either a predefined 
transaction time or release time property can be used. 
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o Catering area: it simulates the catering behaviour of persons. It is based on a predefined 
dwelling time which can be a predefined transaction time or release time property. 

o Gate lounge area: it is the area where persons can sit and wait at the gate before the 
boarding starts. 

  

(a) 
  

(b) 

  

(c) 

 

(d) 

Figure 17: Shopping area (a), catering area (b), gate lounge area (c) and general area (d) 

o Escalator: it connects two rooms located at different heights. 

o Info counter: it is used to offer passengers a ‘default’ service if the service which passengers 
are looking for is not yet available (e.g., check-in counters are closed, gate are closed).  

 

(a) 

 

(b) 

Figure 18: Escalator (a) and Info counter (b) 

The CAST simulation software mainly covers passenger behaviour inside the terminal excluding airside 
processes and geometrically the apron area, and a such does especially not consider potential effects 
from the aircraft turnaround on the terminal. However, in Appendix A, these interdependencies are 
investigated using the London City model to identify potential bottlenecks related to this important 
link, which can even form the critical capacity path for an airport. In the future, the simulation software 
could be extended to include these effects. 
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5 Verification and validation approach 

One of the most critical tasks in developing a simulation model is to determine whether the model is 
an accurate representation of the actual system being studied. The success and the credibility of a 
simulation model depend on the quality of its model design and components and the accuracy of the 
results obtained from the simulation. Every simulation model must be verified (step 6) and validated 
(step 7). 

Verification is the process of making sure that the implemented model matches its formal logic design. 
Verification is concerned with determining whether the conceptual model has been correctly 
translated into a computer programme. The simulation model can be verified by writing and debugging 
the computer program in modules or subprograms, running the simulation under simplifying 
assumptions for which its true characteristics are known or can easily be computed, or letting other 
persons review the computer program (Averill, 2015). 

Validation is the process of determining whether a simulation model is an accurate representation of 
the system being modelled (Zeigler at al., 2019). The ease or difficulty of the validation process 
depends on the complexity of the system being modelled and on whether a version of the system 
currently exists. The simulation model of a complex system can only approximate the actual system, 
no matter how much effort is spent on model building. 

Model calibration involves fine-tuning the model to a particular context. In calibration, the outputs of 
the simulation and the real-world system are also compared, but the parameters of the simulated 
system must be fine-tuned until the difference between both outputs becomes minimal or at least 
meets specific minimum requirements. Ideally, the inputs of the real and simulated systems should be 
identical (Daamen et al., 2015). Figure 19 below shows the relationship between the simulated and 
the real systems within the calibration and validation processes. 

 

Figure 19: Relationship between simulated and real systems when validating and calibrating a model. 
(Source: Daamen et al., 2015) 

The simulation models of the passenger terminal processes have been verified by the modellers by 
continuously debugging and checking if the model logic represents the processes described in the 
model conceptualisation. 
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Regarding the validation and calibration of the models, we proposed a novel approach. The validation 
method builds on the historical data validation (Sargent, 2007), where part of the data is used to build 
the model and another part is used for validating it. In this case, the data used for building the model 
is provided by the IMHOTEP airport operators. The novel aspect of the validation process is that the 
data used for validating the model is based on the reconstruction of the passenger activity-travel diary 
(ATD) from a combination of different big data and conventional sources, with the objective of 
obtaining an accurate and reliable passenger trajectory. The data sources employed include mobile 
phone data, flight schedules, passenger survey data, bus ticketing data, boarding pass data and mobile 
apps data.  

In the proposed approach, first the ATDs for all the passengers are obtained, and then these are 
compared with the ones simulated in the models. To this purpose, a set of indicators will be extracted 
from both the ATDs and from the simulation model. The indicators extracted will cover mainly the time 
spent by passengers in the different airport terminal areas, and the occupancy of such areas. In this 
validation exercise, only the departure flow was considered in the validation of the model. 

It is worth noting that, although this document comprises only the development of the passenger 
terminal process models, the passengers’ ATD encompass both the passenger terminal trajectory and 
the access and egress legs. For the sake of completeness, the entire methodology is presented; 
however, for the validation and calibration of the passenger terminal process simulation model 
purposes, only the information extracted from the airport terminal leg of the passenger ATD is used. 
Due to the data available at the moment of producing this deliverable, only one of the two case studies 
(Palma de Mallorca Airport) has been validated by implementing the proposed approach. The other 
case study (London city Airport) will be initially validated by applying a traditional validation approach. 
Then, the same validation approach will be implemented when more data will be available for both 
case studies.  

In the rest of this section, the data analytics methodology implemented for the reconstruction of the 
passenger ATD is described in detail.  

5.1 ATD reconstruction methodology 

The approach followed for reconstructing the ATD relies on the fusion of different data sources. The 
reconstruction of ATD is performed not only for passengers, but also for other airport users such as 
airport workers and short-time visitors. However, being the ones that have been used for model 
validation purposes, the description provided here focuses on the ATD of departing passengers, and 
hence the term ‘Passenger ATD’ is uses in different parts of the document. 

As discussed in deliverable D2.2 ‘Specification of case studies’, the period of interest for the PMI case 
study is summer 2019. Therefore, the proposed methodology has been used to reconstruct the ATDs 
of airport users in July and August 2019. 

The steps that have been followed to obtain the complete ATD are shown in Figure 20. 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

46 
 

 

 

Figure 20: Passenger ATD reconstruction steps 

• Basic ATD. The basic ATD is built using anonymised mobile network data. The reason is that these 
data provide a large, well-distributed sample of airport users and that it captures their door-to-
door trajectory, thus being ideal to be used as primary source of information for reconstructing 
the complete passenger ATD. The information contained on the diary includes: 

o Passenger itinerary: the Basic ATD contains information regarding the passenger previous 
activity (time and location), the passenger arrival time at the airport terminal and the 
approximated flight departure. 

o Trip characteristics: 

▪ Whether the passenger is departing or arriving (in the case we are describing, we 
are focusing on departing passengers). 

▪ Whether it is the passengers‘ go or return trip. 

▪ The airport of origin or destination depending if the passenger is arriving or 
departing. 

▪ The duration of the trip. 

o User profile: 

▪ Nationality 
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▪ Place of residence (at municipality level) for the national users. 

▪ Age and gender of the users (just available for national users) 

▪ Type of airport visitor: passenger, worker, professional driver (e.g., taxi driver) or 
other kind of visitor. For users other than passengers, only the access/egress leg is 
reconstructed, as they are not included in the terminal simulation. 

• Adjusted basic ATD. The basic ATD obtained in the previous step is adjusted to the total number 
of passengers using the airport flight schedules. The objective of this step is twofold: 

o To adjust the number of trips detected with mobile phone data to the real number of 
passengers registered at the airport. 

o To assign to each detected passenger a real flight and the information attached to it, such 
as flight departure, flight number, destination or gate. 

• Enhanced trip characterisation ATD. Once obtained the adjusted basic ATD, information extracted 
from passenger surveys is used to estimate the purpose (business or leisure) of the trips detected 
with mobile phone data. In order to accomplish this task, a machine learning model has been 
calibrated using the information captured by the passenger surveys and has been later on applied 
to the trips detected from mobile phone data. 

• Enhanced surface access and egress leg ATD. Passenger surveys and machine learning techniques 
are used to extract meaningful information regarding the transport modes used by passenger to 
access and egress the airport terminal in order to add this feature to the trips detected with mobile 
phone data. Ticketing data available from public transport systems are used to validate the results 
obtained by the machine learning models. 

• Enhanced group information ATD. A mixed approach that analyses passenger surveys and mobile 
phone data is used to extract meaningful information regarding the travelling groups. Potential 
groups are extracted using mobile phone data by clustering passengers with similar trip 
characteristics. Then, those potential groups are subdivided depending on the group size 
distributions observed in the passenger surveys based on different characteristics of the 
passengers. The output of this process is information about the group size, as well as individual 
identifiers of the group and the vehicle used. 

• Enhanced passenger terminal itinerary ATD. Finally, data from the boarding card reader at the 
security control arrival and mobile apps location data are used to reconstruct the passenger 
itinerary. 

o Data on the passenger’s arrival to the Boarding Card Reader (BCR) located at the 
beginning of the security control is used to estimate the passenger arrival to the control. 

o Mobile apps location data is used to reconstruct intermediate stops within the airport 
terminal and the time spent at the security control, the arrival time and time spent at the 
passport control, the use of the commercial and catering areas, and the use of the 
baggage claim area. 

The proposed data analytics methodology is schematised in Figure 21. 
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Figure 21: Passenger ATD reconstruction methodology.  

5.2 Data sources used for the reconstruction of the passenger ATD 

5.2.1 Mobile network data 

The IMHOTEP project has access to anonymised mobile network data provided by Orange Spain and 
Vodafone UK. In this document we will focus on the data available from Orange Spain, which is the 
data used for the PMI case study; however, most of what is explained is also applicable to Vodafone 
UK data and the LCY case study. 

The data provided by Orange Spain includes three types of data: 

• Network events, including: (i) Call Detail Records (CDRs), generated for billing purposes, which 
register the location of the user when a mobile phone connected to the network makes or 
receives a phone call or uses a service; (ii) network probe data, recorded for network 
management purposes, which register the location of the user on a periodic basis, thus 
increasing the temporal resolution of the CDRs. For each registered event (be it a CDR or a 
network probe register), the data indicates the network cell where the user is located at the 
moment the event is registered. This means that the data does not allow us to know the exact 
location of the user, but it provides the antenna to which the user is connected, so we know 
that the user must be located within the coverage area of such antenna. 

• Network topology: these data provide information on the topology of the network (location 
of the towers, orientation of the antennas, etc.), which allows us to estimate the coverage area 
corresponding to each cell. The spatial granularity of the data is therefore determined by the 
density of antennas deployed in each area, leading to a location accuracy of a few dozens or 
hundreds of metres in urban areas and several kilometres in rural areas. 

• Sociodemographic data: age, gender and nationality of Orange clients, and nationality of their 
mobile network operators for roamers. 

These data are recorded for all Orange Spain clients, which account for around 25% of the total Spanish 
population. The data also includes the registers generated by foreign visitors that connect to Orange 
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Spain network (roaming-in data), as well as the CDRs generated by Orange clients when they travel 
outside Spain (roaming-out data). 

5.2.2 Flight schedule and number of passengers 

Both the PMI and LCY airports have provided detailed information on the flights with origin or 
destination in the airport and on the number of passengers in each flight. The information used in the 
study is summarised in the table below:  

Table 4: Flight schedule data 

Field Description 

Direction Information regarding if the flight is an incoming or departing flight 

SOBT/SIBT Scheduled Off/In-Block time, depending if it is an arriving or departing flight 

EOBT/EIBT  Estimated Off/In-Block time, depending if it is an arriving or departing flight 

Type Flight type (regular, charter, training, ambulance, etc.) 

Destination/origin IATA code of the airport of destination/origin 

Gate Allocated gate to the flight within the airport 

Pax number Real number of passengers attending the flight 

5.2.3 Passenger surveys 

Both airports have provided the surveys conducted to the passengers using the respective airports. 
These surveys ask travellers about different characteristics of their trips (such as the destination 
airport, the purpose of the trip, the duration of their stay, etc.) as well as about their sociodemographic 
profile (age, gender, level of studies, etc.). The surveys available at each airport are the EMMA surveys 
for Palma de Mallorca; and the CAA and ASQ surveys at London City.  

5.2.4 Public transport data 

Supply and demand data for the public transport services connecting the airport with its catchment 
area have been collected.  

Supply information includes data about routes, frequencies, stop location, and GPS trajectories of the 
fleet.  

In the case of Palma de Mallorca, demand data has been provided by EMT, which is a partner of the 
IMHOTEP Consortium. The information covers the aggregated user demand of the EMT bus routes 
serving the Palma de Mallorca airport (A1: from Palma city centre and A2 from S’Arenal beach) per 
hour and direction (to and from the airport). 

In the case of London, demand data has been provided by Transport for London, which is part of the 
project’s External Experts Advisory Board. The information includes data on the rail-based network as 
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well as the two bus lines serving the LCY airport (473 and 474). The demand is aggregated every 15 
minutes and includes the boarding and alighting on each of the public transport stops. 

5.2.5 Boarding Card Reader (BCR) data 

The Boarding Card Reader data consists of a set of registers captured when the passenger presents its 
boarding pass at the BCR located at the beginning of the security control process. The data fields for 
the dataset provided by the PMI airport are described below. 

Table 5: BCR dataset fields 

Field Description 

ID_LECTOR Boarding card reader ID 

ID_ACCION  BCR system response (0 = Accepted) 

FECHA_EVENTO Passenger at BCR timestamp 

FPREVS Scheduled Off Block Time (SOBT) of the flight 

CDOCIAS Airline IATA code 

NUMVUES Flight number 

ASIENTO Passenger’s seat 

DESTINO IATA code of the airport of destination 

FESTIMA Estimated Off Block Time (EOBT) of the flight 

PNR_CODE Passenger identification code 

FAST_TRACK Passenger with fast track (Y/N) 

CDPTA Flight gate 

5.2.6 Mobile apps data 

The mobile apps data collected by the project consist of a set of geolocated information generated 
when mobile phones make use of certain apps. Location data is based on GPS and/or Wi-Fi sensors, 
thus providing a more precise location than the mobile network data described in section 5.2.1. 

The data have been acquired from Pickwell, a company specialised in the collection and aggregation 
of mobile location data. 

Table 6: Mobile app data fields 

Field Description 

timestamp Date and time when the location data was generated 
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device_id Mobile phone identifier 

latitude Latitude coordinate 

longitude Longitude coordinate 

location_method Method used for the mobile phone location 

As opposed to mobile network data, continuous monitoring of devices cannot be performed, as the 
data are only generated during certain intervals in which the user is making use of specific apps. 
However, this data is particularly useful to reconstruct detailed passenger trajectories inside the 
terminal area. 

5.3 Data analytics techniques for passenger ATD reconstruction 

5.3.1 Basic ATD calculation from mobile network data 

The processes required to extract the Basic ATD from mobile network data are the following:  

1. Data cleansing and pre-processing. Several data cleaning processes are applied to the 
anonymised data received from the mobile network operator in order to prepare the data for 
its analysis and detect and correct errors that could affect the quality of the final results. An 
example of a typical error is the incorrect positioning of certain antennas: in some cases, the 
error may be evident (e.g., towers located in the sea), but in other cases these errors may not 
be that obvious; algorithms based on the sequence of antennas to which a user is connected 
and their spatio-temporal consistency are applied to automatically identify these cases and 
correct the information. 

2. Sample selection. This consists in filtering the original data to retain only a subset of users from 
whom it is possible to extract useful information about their daily activities and trips. The 
selection of these users is based on a set of criteria related with their mobile phone activity, 
which shall be enough to determine their mobility patterns with an adequate level of accuracy 
and reliability. As an example, if a mobile phone is turned off or runs out of battery during most 
part of the day, the user is filtered out from the sample for that specific day, as it will not be 
possible to determine his/her activities and trips during that period. However, if that user has 
disappeared at an airport and appears one day after at the same airport, he/she has probably 
travelled abroad and shall be kept in the sample 

3. Identification and classification of stays. Those locations where the users spend a certain 
amount of time are labelled as stays. Once stays are identified, they are classified as activities or 
intermediate stops. An “activity” is defined as an interaction or set of interactions with the 
environment that takes place in the same location and motivates an individual to move there. A 
“trip” is defined as a sequence of one or more displacements (“stages” or “legs”) between two 
consecutive activities. A “stop” is defined as the stay that occurs between two legs of stages of 
a trip. The classification of the stays into activities and intermediate stops is based on various 
criteria related to the duration of the stay, the place where the stay takes place, and the previous 
and subsequent stays: for example, a 1-hour stay at the airport preceded by a displacement 
from the user’s place of residence and followed by a flight must correspond to a stop; an 8-hour 
stay at the airport preceded by a displacement from the user’s place of residence and followed 
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by another displacement to the user’s place of residence must correspond to an activity (in this 
case, most likely work). 

4. Activity characterisation. A longitudinal analysis of the behaviour of the mobile phone users 
allows us to identify the locations that correspond to home, work and other activities.  

5. Identification of transport mode. The location of activities, stops and intermediate positions 
along a trip are compared with the topology of the transport network and the schedule of 
transport services to infer the transport mode used by the traveller, by means of map matching 
techniques. However, the validity of this approach is limited to long-distance trips (e.g., to 
distinguish between trips performed by air and by long-distance rail): for short trips, it may 
happen that mobile phone records only exist at the origin and the destination or that two 
different modes generate similar sequences of registers. This is particularly problematic in urban 
areas, due to the density of the transport network and the coexistence of different transport 
services: even when intermediate registers are available, for certain origin-destination pairs the 
travel times and the user trajectories for different transportation modes (e.g., car, bus and 
bicycle) can be very similar, which may make it impossible to identify transport mode in a reliable 
manner. In these cases, other approaches based on data fusion are needed to segment travellers 
by transportation mode, as described in section 5.3.5. 

6. Sample expansion. Finally, the activity-travel diaries obtained for the selected sample are 
expanded in order to have a realistic estimated of the total population of travellers. The sample 
of Spanish residents, formed by Orange Spain clients, is expanded by means of expansion factors 
based on the user’s home location and sociodemographic profile, using the data from the 
Spanish census. The sample of foreign visitors, formed by roaming-in users, is expanded using 
the tourist and visitor statistics published by the Spanish National Statistics Institute (INE), which 
provides the total number of monthly foreign visitors in Spain depending on the visitor’s 
nationality, point of entry and length of stay in the country. 

For a more detailed description of each of the previous subprocesses, interested readers are referred 
to Romanillos et al. (2021). 

5.3.2 Adjustment with flight schedules and passenger counts 

The objective of this process is twofold: 

• to adjust the number of passenger trips estimated with mobile phone data to the real number 
of passengers registered at the airport;  

• to assign each passenger to a flight and the information attached to it, such as flight departure 
time, destination and gate. This information will be later on used to infer different passengers’ 
characteristics and reconstruct the passenger itinerary within the terminal. 

5.3.2.1 Sample of PMI airport passengers detected with mobile phone data 

From the schedules provided by AENA for July and August 2019, it can be seen that regular flights 
represent 89.90% and 89.79% of the total volume of flights in July and August, respectively, while 
charter flights represent 9.95% and 10.07%, respectively. The rest of flights, which comprise other 
categories such as ambulance, cargo, training, etc., only represent 0.15% and 0.14%, respectively. 
Therefore, for simplification purposes, just regular and charter flights have been considered. 
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Figure 22: PMI flight distribution according to flight type 

Table 7 presents the size of the passenger sample obtained from mobile phone data in the PMI airport 
during summer 2019. 

Table 7: comparison between total number of passengers of the PMI airport and the sample of passengers 
detected with mobile phone data 

Month 
Number of total 

passengers 
Number of passengers included 

in the mobile phone data sample 
Sample size 

July 2019 4,199,919 461,802 10.99 % 

August 2019 4,275,063 470,471 11.01 % 

5.3.2.2 Adjustment of passenger data 

As previously mentioned, the sample of mobile phone users is initially expanded using census data for 
national users and tourist movement data for foreign users. This process is required in order to 
compensate for potential biases in the mobile phone data sample in terms of overrepresentation or 
underrepresentation of certain types of users, depending on the market penetration of the mobile 
operator in different regions, among different sociodemographic profiles, etc. 

Once the previous sample expansion process is conducted, the resulting data is adjusted using the total 
number of passengers per flight provided by AENA. The approach followed to perform this adjustment 
is described below: 

• First, a set of possible flights is assigned to each of the passengers detected with the mobile 
phone data. For domestic flights, information about the airport of origin/destination is available, 
so flights to/from that airport are searched out. For international flights, if the passenger is an 
Orange customer with residence in Spain, we also have information about the airport of 
arrival/departure, thanks to roaming-out registers, so flights to/from that airport are searched 
out. In the case of foreign users, we do not have access to information regarding the airport of 
origin/destination, so it is assumed that the passenger is flying to/from its country of origin; 
therefore, flights from/to that country are searched for, and only in the case of not finding any 
possible flight, flights to/from other abroad destinations are checked out. 
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• When trying to match a passenger with a flight, the information available from mobile phone 
data is the last register at the airport terminal, while from the flight schedules is the Estimated 
Off-Block Time (EOBT). Therefore, there may be a difference between these two times. For 
example, if the passenger disconnects the mobile phone before boarding, the time of the last 
register will be previous to the EOBT; if the passenger uses its mobile phone after the plane 
leaves the stand, during taxi or before taking off, we will observe registers after the EOBT. Having 
this in mind, at the time of searching for a flight a time gap is constructed from the last terminal 
register in order to find all possible flights within the defined time slot. 

• Once possible flights are assigned to each passenger, a flight selection process is performed in 
order to choose the most likely flight for each passenger. To this end, the time difference 
between the flight time and the last register of the passenger within the terminal is taken into 
account, as well as the total number of passengers per flight. The process is the following: 

o Passengers are divided into those that have been detected at their origin or destination 
and those who have not been detected at their origin/destination.  

o We first assign the passengers that have been detected at their origin/destination, and 
then the same process is performed for the rest of the passengers. If the passenger only 
has one possible flight, he/she is assigned to that flight. For passengers with more than 
one flights compatible with the observed registers, an iterative process is performed in 
which the probability of the passengers (𝑝𝑝) to be assigned to one single flight (𝑓𝑖) is 

proportional to: 

𝑝𝑝→𝑓𝑖
= 𝑃𝑟𝑒𝑎𝑙𝑖

2 /𝑃𝑎𝑠𝑠𝑖𝑔𝑖
 , 

where 𝑃𝑟𝑒𝑎𝑙𝑖
 is the real number of passengers on the flight 𝑖  (according to the flight 

schedules) and 𝑃𝑎𝑠𝑠𝑖𝑔𝑖
 is the number of passengers already assigned to that flight 𝑖. 

• Finally, the users’ expansion factors are adjusted using the ratio between the passengers 
assigned to each flight and the real number of passengers in that flight. 

For a small subset of flights, we do not find any user which can be assigned to those flights. However, 
as presented in Table 8, they represent a small percentage of the total number of flights. 

Table 8: Flights for which no passengers are identified in the mobile phone data sample 

Month 
Total number of 

flights 
Number of flights with no 

passengers assigned 
Percentage of flights with 

no passengers assigned 

July 2019 26,314 681 2.59 % 

August 2019 26,500 555 2.09 % 

5.3.3 Validation of the basic diaries with passenger surveys 

Once the total number of trips detected with mobile phone data has been adjusted to the total number 
of trips performed at the PMI airport, the EMMA passenger surveys performed by AENA at the PMI 
airport are used to validate the results obtained. The validation process consists in extracting a variety 
of indicators from both data sources and comparing them to verify that the results achieved with 
mobile phone data are consistent with the ones observed in the surveys. 
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5.3.3.1 Sample size and distribution 

One of the major advantages of using mobile phone data to analyse the mobility of the population is 
the large sample size, which enables the observation of a higher variety of behavioural patterns than 
other classic methods such as surveys. Table 9 and Table 10 present a comparison between the sample 
size captured by mobile phone data and the passenger surveys. 

Table 9: Sample of passenger trips detected in PMI with mobile phone data in July-August 2019 

Period Direction Actual number 
of passengers 

Passengers detected 
with mobile phone 

data 

Percentage of passengers 
detected with mobile phone 

data 

July 2019 Departing 2,052,616 218,227 10.63 % 

Arriving 2,147,303 243,575 11.34 % 

Total 4,199,919 461,802 10.99 % 

August 2019 Departing 2,188,554 229,488 10.49 % 

Arriving 2,086,509 240,983 11.54 % 

Total 4,275,063 470,471 11.01 % 

Table 10: Sample size of passenger trips detected in PMI with EMMA surveys  

Period Direction Real passengers 
Passengers detected 

with surveys 
Percentage of passengers 

detected with surveys 

18th to 24th 
July 2018 

Departing 497,023 6,405 1.29 % 

Arriving 468,377 - - 

Total 965,400 6,405 0.66 % 

Figure 23 shows the sample distribution, distinguishing between passengers travelling to domestic and 
international destinations. It can be observed that the distribution found in mobile phone data 
correlates better with the real demand data provided by AENA than the EMMA surveys. 
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Figure 23: Sample distribution according to the flight destination: comparison  
between official data provided by AENA, passenger surveys and mobile phone data  

Table 11 shows a comparison between the main nationalities of the airport users detected in both 
passengers’ surveys and mobile phone data. Additionally, passengers with Spanish nationality have 
been split into residents and non-residents in the island of Mallorca. As it can be seen, there is a high 
correlation between both data sources. 

Table 11: Passengers’ nationality distribution: surveys vs mobile phone data 

Nationality 
Passenger surveys 

(July 2018) 
Mobile phone 

data (July 2019) 
Mobile phone data 

(August 2019) 

Spain 25.51% 27.02% 31.01% 

Residents in Mallorca 15.34% 16.96% 20.11% 

Non-residents in Mallorca 10.17% 10.06% 10.91% 

Germany 22.58% 26.31% 18.47% 

UK 17.36% 13.20% 15.59% 

France 4.39% 3.99% 6.80% 

Italy 2.50% 2.20% 3.62% 

Netherlands 2.57% 2.75% 2.73% 

Russia 0.91% 2.46%  2.71%  

Northern countries1 8.32% 5.44% 2.66% 

 

 

1 Northern countries encompass passengers from Denmark, Finland, Iceland, Norway and Sweden. 
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Belgium 1.61% 2.48% 1.80% 

Ireland 2.01% 2.22% 1.78% 

Portugal 0.58% 0.33% 0.76% 

Rest of Europe 9.69% 7.39% 7.60% 

Rest of the world 1.96% 4.20% 4.46% 

Table 12 compares the results between national and foreign visitors in passenger surveys and mobile 
phone data samples with the Spanish official statistics from INE. 

Table 12: Comparison between the number of national and foreign visitors in Palma de Mallorca 

Nationality 
Official INE 

statistics (July 
2019) 

Official INE 
statistics 

(August 2019) 

Mobile phone 
data (July 

2019) 

Mobile phone 
data (August 

2019) 

Passenger 
surveys (July 

2018) 

National 11.03% 11.99% 11.43% 13.09% 10.93% 

Foreigner 88.97% 88.01% 88.57% 86.91% 89.07% 

 

5.3.3.2 Airport catchment area 

A comparative analysis has been performed between the start location of the trip to the airport 
extracted from the passenger surveys and from the mobile phone data, aiming at illustrating the 
differences and similarities between the characterisation of the airport catchment area obtained using 
each data source. It can be seen that both data sources present a strong correlation: the municipalities 
from which the most of the passengers travel to the airport, according to both data sources, are Palma, 
Calvia and Llucmajor; in the case of national users, most users (49% and 58% according to mobile 
phone data and passenger surveys, respectively) travel to the airport from Palma, while for foreign 
passengers, this percentage is significantly lower (around 17% and 27% according to mobile phone 
data and passenger surveys, respectively). A relevant advantage of using mobile phone data is that the 
larger sample size allows the obtention of more disaggregated data than that obtained with the 
passenger surveys: in the municipality of Palma, for example, the origin of the passengers has been 
disaggregated by districts; this information is not available with the passenger surveys, which only 
provide information at municipality level. 
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Figure 24: Airport catchment area for all passengers during July-August 2019 according to mobile phone data 

 

Figure 25: Airport catchment area for all passengers during the week of study according passenger surveys 
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Figure 26: Airport catchment area for national passengers using the PMI airport during July and August 2019 
according to mobile phone data 

 

Figure 27: Airport catchment area for national passengers using the PMI airport during the week of study 
according to passenger surveys 
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Figure 28: Airport catchment area for foreign passengers using the PMI airport during July and August 2019 
according to mobile phone data 

 

Figure 29: Airport catchment area for foreign passengers using the PMI airport during the week of study 
according to passenger surveys 
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5.3.3.3 Passenger arrival to the airport terminal 

A comparative analysis has been conducted regarding the passenger’s arrival time in the airport 
estimated with passenger surveys and mobile phone data. The following figure shows the passenger 
presentation profiles at the airport terminal obtained with each data source.  

 

Figure 30: Passenger arrival to the airport comparison between mobile phone data and passenger surveys 
after the expansion to the total of PMI users 

In Figure 31, the same comparison between both data sources is presented, differentiating between 
domestic and international flights. It can be observed that passengers from domestic flights usually 
arrive to the airport less in advance than international passengers. This seems logical as possibly people 
travelling from international destinations tend to spend longer periods in the island, thus needing to 
carry more luggage and requiring to check-in the luggage before the flight;  also passengers travelling 
to non-Schengen destinations need to pass through an additional passport control. This trend is visible 
from both data sources; however, the data from mobile phone shows a smaller gap between domestic 
and international flights than the data from surveys.  

 A similar comparison is presented in Figure 32, distinguishing the passenger airport arrival behaviour 
for different periods of the day: 

• P0: for early morning flights (from 3 am to 8 am) 

• P1: for flights during the day (from 9 am to 8 pm) 

• P2: for night flights (from 9 pm to 2 am) 

The behaviour observed is that passengers from early morning flights (P0) tend to arrive at the airport 
with less anticipation. This can be explained by the fact that the airport and the road network are less 
congested at this time of the day, so the passengers do not expect any jam or congestion problems. 
Comparing both data sources, the behaviour observed is similar; however, as noticed in the previous 
figures, the behaviour observed in mobile phone data is that passengers arrive slightly earlier than the 
estimation made with the passenger surveys. 
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Figure 31: Passenger arrival to the airport: comparison between mobile phone data and passenger surveys 
depending on the final destination (domestic or international) 

 

Figure 32: Passenger arrival to the airport: comparison between mobile phone data and passenger surveys 
depending on the period of the day 
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Another interesting aspect of using mobile phone data is that it can also be used to extract the same 
indicators but for the arriving passengers, in order to be able to understand how much time passengers 
usually need to egress the airport terminal. This information cannot be extracted from the passenger 
surveys, as they are only conducted to departing passengers. Figure 32 presents the terminal egressing 
curves for arriving passengers.  

 

Figure 33: Pax at the airport terminal after flight arrival 

5.3.3.4 Validation results 

From the analysis performed and the comparison between the indicators obtained with mobile phone 
data and passenger surveys, it can be concluded that both data sources present a high correlation, 
which suggests that the processes carried out to obtain the passenger diaries from the mobile phone 
records have been performed correctly. 

Mobile phone data has several advantages with respect to passenger surveys: 

• They provide data for the full period of study (summer 2019), while passenger surveys were 
performed during a single week of July 2018. 

• The sample of detected passengers is significantly higher. 

• Mobile phone data provides information on arriving passengers, while this information is not 
available from passenger surveys. 
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5.3.4 Trip purpose estimation 

The objective of this step is to develop a model able to estimate whether a flight trip has a business or 
a leisure purpose. To this end, the EMMA passenger surveys from the PMI airport have been used to 
calibrate a machine learning model which is later on applied to the trips detected with mobile phone 
data in order to estimate the purpose of the trip. It must be noted that the EMMA surveys are just 
conducted to departing passengers, so it has been assumed that the behaviour and characteristics of 
passengers regarding the purpose of the trip remain the same for arriving and departing trips. The 
process followed is presented in Figure 34. 

 

Figure 34: Proposed methodology for inferring passengers’ trip purpose 

5.3.4.1 Dataset 

The dataset used in this experiment is the EMMA survey performed to passengers in Palma de Mallorca 
airport in July 2018. This survey asks travellers at the airport about different characteristics of their 
trips (such as the destination airport, the purpose of the trip, the duration of their stay, etc) as well as 
some socio-demographic details (such as age, gender, level of studies, etc.). 

The dataset contains a total of 6,405 responses from travellers performing trips during the week from 
18th to 24th July 2018. Each feature in the dataset has been cleaned and pre-processed according to 
their types. The basic data cleaning and filtering methods that have been applied are the following: 

• The fields not used in the model have been removed. 

• Missing data in relevant features has been solved by removing the cases involved. 

• For simplicity, connection flights have been filtered out of the training data, as the sample of 
connecting passengers is relatively small and it could introduce noise to the model. 

From this data cleaning process, 5.39% of the data has been removed, 1.59% corresponding to value 
cleaning and 3.86% corresponding to connection filtering, leaving a total amount of 6060 registers.  
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5.3.4.2 Calibration phase 

The proposed methodology consists in developing a machine learning classifier that takes as input a 
set of features derived from the EMMA surveys and predicts whether the trip reported by each 
respondent has a business purpose or any other purpose (which will be considered as “leisure”). The 
main hypothesis of the models is that the features available from the EMMA surveys that can also be 
observed or inferred through mobile network data are relevant to determine whether the passenger 
travels for business or leisure. 

The machine learning algorithm selected is a random forest classifier. A random forest builds a large 
collection of decision trees computed using a random subset of data points and features and performs 
the average of their results. The training of the decision tree classifier is based on the evaluation of the 
relevance of each input variable according to some criteria, typically the Gini index or the entropy, to 
select the most relevant variable and create a rule based on that variable. The training process consists 
in recursively evaluating and splitting data to create new rules that separate data into compliant and 
non-compliant datasets that are in turn evaluated to create new rules. When useful data splits can no 
longer be computed, the algorithm stops in a leaf node. The class prediction consists in following the 
tree rules up to a leaf node and assigning the class that is more frequent in the resulting leaf node. At 
the end of the training process, the tree will have developed a set of hierarchically organised rules that 
perform predictions following the appropriate branch of the tree. This way, the algorithm performs 
simple non-linear predictions that can be easily understood by visualising the resulting tree. In the case 
of a random forest classifier, randomness tends to improve the single tree results, at the cost of making 
the algorithm less interpretable. 

5.3.4.2.1 Passenger feature analysis 

The dataset provides many different features regarding the passenger trip characteristics as well as 
sociodemographic information. However, not all these features are relevant at the time of determining 
if a passenger trip purpose is business or leisure. Therefore, just the significant features are used for 
the development of the model. In addition, it is important to highlight that not all the features that 
appear on the passenger surveys may be inferred with mobile phone data, and thus only the 
characteristics that can be extracted from mobile phone data can be used. The variables computed 
from the EMMA survey selected as candidates for model input features are the following: 

• stay_duration: duration of the stay in days. 

• arrival_weekday: the day of the week of the arrival date (from 0: Monday to 6: Sunday). 

• departure_weekday: the day of the week of the departure date. 

• includes_weekend: Boolean variable representing if the trip includes a weekend stay or not. 

• destination: type of destination airport grouped into inter-island, domestic, Schengen, 
non- Schengen and international. 

• residence: place of residence of the passenger, according to the following categories: Mallorca, 
rest of the Balearic Islands, rest of Spain, Germany, UK, rest of Europe and rest of the world. 
Mallorca, the remaining Balearic Islands and the rest of Spain have been separated as their 
passengers' behaviour may be different. In addition, separate independent classes have been 
considered for Germany and the UK as they represent 29% and 17% of the total number of 
visitors respectively, according to the passenger surveys. 

• flight_hour: flight departure time aggregated per hour. 
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• earliness: difference between the passenger arrival to the airport and the flight departure time 
in minutes. 

• age_range: the approximated age of each survey respondent. Instead of using the discrete 
values grouped into ranges (e.g., 20-24, 25-30, etc.) that are registered in the survey, the mean 
value of the respondents’ group age range has been used (e.g., 22 for the group 20-24). 

• gender: Boolean variable representing the gender of the passenger 

• days_rel_festivity: numerical variable representing the number of days to a festivity, for 
outward trips, and the number of days from a festivity, in the case of return trips. A festivity 
considers any non-working day, including both weekends and bank holidays. 

• start_location: variable representing from which area the passenger starts its trip to the airport. 
Two different categories have been considered, depending on whether the passenger accesses 
the airport from the city of Palma or not. 

Note that the age and gender of the users is only available for the mobile operator customers, but not 
for roamers that connect to its network, and therefore this information is not available for foreign 
visitors. 

An analysis of the set of variables has been performed to remove highly correlated variables and 
handle outliers: 

• First, the Pearson correlation coefficient between each pair of input features was computed. 
The filtering process was the following: every time two variables had a correlation higher than 
0.9, one of them was removed, as they would have similar impact on model training and keeping 
both variables may be misleading. 

 

Figure 35: Pearson correlation matrix between the proposed features 
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After this analysis, it can be concluded that the features arrival_hour, representing the arrival 
time to the airport terminal, and the flight_hour, representing the flight departure time, are 
highly correlated (0.94), which makes sense as usually these times have a difference of 1 or 2 
hours. Therefore, in further steps of the development of the model, the variable arrival_hour 
has not been considered. 

• Regarding the identification of possible outliers, a common approach based on the interquartile 
range of each feature was applied. This method calculates the interquartile range (IQR) as the 
difference between the 75th (Q3) and 25th (Q1) percentiles of a sample and considers an 
element of that sample as an outlier if it is outside the interval (Q1 -1.5*IQR, Q3 + 1.5*IQR). This 
procedure can only be applied to numerical variables; therefore, it has been applied to the 
variables stay_duration and earliness. Figure 35 shows a boxplot of the distribution of the data 
values for the variables earliness and stay_duration. The registers which present earliness or 
stay_duration values outside the calculated interval have been removed from the dataset. The 
total amount of registers removed is 572. 

 

Figure 36: Numerical variables box plot 

After filtering the data, a variable selection process was conducted in order to select the relevant 
variables for the estimation of the target class (trip purpose). To this end, a Recursive Feature 
Elimination (RFE) algorithm was implemented. This algorithm tries different subsets of variables and 
selects the most relevant when predicting the output class. This process leads to a reduction of 
computational time as well as to a decrease in the probability of overfitting.  

5.3.4.2.2 Model training 

The dataset was stratified into a training set and a test set; the split used was 75% of the samples for 
training and 25% for test.  

To ensure that the model is able to learn the features of all the classes, it is important to make sure 
that all classes are well represented. It must be taken into account that the sample of business trips in 
the dataset is notably small (just 5.35% of the trips are for business purposes), which can make that 
the algorithm does not learn properly the features corresponding to business trips, therefore not being 
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able to correctly predict this class. To address this imbalance of the sample size across different classes, 
two different techniques can be applied: undersampling and oversampling. Oversampling increases 
the number of registers of the classes with less instances to level them with the most represented 
class, while undersampling reduces the sample of the most represented classes to equate them with 
the least represented class. 

Different algorithms for undersampling and oversampling can be found in the literature. The most 
common approaches consist in randomly duplicating/eliminating instances of the data until the whole 
dataset is oversampled/undersampled. In the case of oversampling, so-called Synthetic Minority 
Oversampling Technique (SMOTE) is becoming increasingly popular; this algorithm combines 
information on different samples to obtain new synthetic registers that are not exactly duplicated from 
the existing ones, but a combination of them, resulting in a more heterogeneous sample that is more 
easily interpretable by the predictive models. In datasets where one class is significantly less 
represented than the rest, applying an oversampling method is preferred, since undersampling would 
remarkably reduce the total sample. In the rest of cases, both techniques are equally valid. In this case, 
both random undersampling and SMOTE have been considered. 

Once the input data and features were pre-processed, the training of the random forest models was 
implemented. Two main training procedures were jointly applied: hyperparameter tuning of the 
random forest algorithm and the k-fold cross-validation resampling method. The objective of these 
techniques is to obtain the parameters of the random forest algorithm that give a better future 
estimation of the output class. The k-fold cross-validation method separates the training data into k 
stratified portions and trains the model k times using as training sample k-1 of those groups and 
validating the result on the remaining portion. The number of folds or groups used for cross-validation 
was set to 5, as it leads to an 80/20 partition of the training data, which seems appropriate having in 
mind the size of the dataset. After computing the average validation score for every portion and every 
combination of hyperparameters, the best model is selected as the one with the highest average score. 
Once the best hyperparameters are selected, the final training step consists in fitting a random forest 
model with those hyperparameters on the whole training set, which is then evaluated on the test set 
that was left behind in the first step to obtain a final indicator of how well the model behaves with 
unseen data. 

5.3.4.2.3 Model validation 

Due to the imbalance presented on the dataset (just 5.35% of the trips are for business purposes), the 
accuracy metric, representing the number of overall elements correctly classified, is not particularly 
useful, as a classifier that always predicts leisure would be correct 94.65% of the times. Therefore, the 
metric used for performance assessment was F1-Score, which computes the harmonic average 
between precision and recall. The definition of these metrics is the following: 

• Precision: number of elements correctly classified with respect to the total elements the model 
predicts to be in the positive class. 

• Recall: number of elements correctly classified into the positive class out of the total elements 
that are labelled with the positive class. 

• F1-score: harmonic average of precision and recall. Using the harmonic mean avoids hindering 
underperformance from one of the two metrics (for instance, it prevents the model to score 0.5 
when the precision is 1 and recall 0). 
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The relevance of the features included in the model is also analysed. This “relevance” is calculated 
through the following procedure: 

• For each feature, we compute how the feature decreases the impurity. The impurity of each 
split is measured using the Gini index. 

• The average over all trees in the forest gives the final feature importance, being the final 
reported value the value of the importance normalised between 0 and 1 

The results obtained for the model for departing national users developed by applying a SMOTE 
oversampling algorithm are presented in Table 13. In this model, a total of 8 relevant features have 
been selected after applying the RFE algorithm. The importance of each variable is presented in Figure 
37. 

Table 13: Trip purpose model calibration results for national departing passengers 

  Precision Recall F1-Score Training sample size 

Cross 
Validation 

 - - 0.74 - 

Test 

Leisure 0.98 0.97 0.97 3906 

Business 0.49 0.57 0.53 210 

Average 0.73 0.77 0.75 4116 

 

 

Figure 37: Trip purpose model features importance for departing national users  
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As the abovementioned variables are relevant for the development of the models and removing it for 
the model would imply a significant reduction of the performance, it has been decided to develop 4 
different models depending on the available information: one for arriving nationals, one for departing 
nationals, one for arriving foreigners, and one for departing foreigners. The results of the models are 
shown below. 

• Arriving nationals 

Table 14: Trip purpose model calibration results for national arriving passengers 

  Precision Recall F1-Score Training sample size 

Cross 
Validation 

 - - 0.74 - 

Test 

Leisure 0.97 0.97 0.97 3906 

Business 0.53 0.52 0.52 210 

Average 0.75 0.75 0.75 4116 

 

 

Figure 38: Trip purpose model features importance for national arriving passengers 
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• Departing foreign user 

Table 15: Trip purpose model calibration results for foreign departing passengers 

  Precision Recall F1-Score Training sample size 

Cross 
Validation 

 - - 0.74 - 

Test 

Leisure 0.97 0.97 0.97 3906 

Business 0.46 0.40 0.43 210 

Average 0.71 0.69 0.70 4116 

 

 

Figure 39: Trip purpose model features importance for foreign departing passengers 
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• Arriving foreign user 

Table 16: Trip purpose model calibration results for foreign arriving passengers 

  Precision Recall F1-Score Training sample size 

Cross 
Validation 

 - - 0.68 - 

Test 

Leisure 0.98 0.92 0.95 3906 

Business 0.32 0.62 0.42 210 

Average 0.65 0.77 0.69 4116 

 

Figure 40: Trip purpose model features importance for foreign arriving passengers 

The results of the developed models show the impact of a significant sample imbalance. The very large 
proportion of leisure passengers (around 95%) implies that a random model would achieve an F1 score 
of 0.95 for the identification of the leisure segment. Hence it is interesting to look at the improvements 
made on the business segment, where a random model would achieve a F1-Score of only 0.05. The 
developed models are able to significantly improve business traveller detection when comparing with 
a random model, whose results vary from 0.53 in the best case to 0.42 in the worst case. As discussed, 
leisure purpose identification has little margin for improvement from a random model, but still the 
models manages to increase F1-score up to 0.97.  

In all cases the most relevant variable is the ‘stay_duration’. Given the characteristics of the airport 
itself (mainly focused on leisure) as well as the season in which the interview was conducted (summer 
season), this variable seems to be capturing the fact that tourists perform longer stays, while business 
travellers are characterised by shorter visits or even going and returning on the same day. The feature 
capturing if the trip includes a weekend stay (includes_weekend) is the next most important, which 
also make sense as business travellers usually do not stay over the weekend on the destination while 
weekend stays are more frequent in the case of leisure travellers. 
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5.3.4.3 Model application to trips detected with mobile phone data 

Once the different models have been developed, they have to be applied to the trips detected with 
mobile phone data in order to estimate the purpose of the trip. The procedure is as follows: 

• First, the required features for each trip are extracted from mobile phone data and are 
processed so they have the same format as in the calibration phase. 

• Depending on whether the passenger is national or foreigner and departing or arriving, a 
different model is applied. 

In Table 17, the results obtained after applying the trip purpose estimation models to the mobile phone 
trips sample are presented. The number of estimated business trips slightly differs from the original 
sample of the EMMA surveys. Additionally, this percentage is higher in arriving passengers than in 
departing passengers. This may be due to the fact that the model has been calibrated using surveys 
conducted only to departing passengers but it has been applied to all the passengers. Also, it must be 
take into account that the model has been calibrated using a one-week sample from July 2018 and 
applied to the full July- August 2019 period, so there may be relevant differences between the kind of 
passengers using the PMI airport during these periods. 

Table 17: Trip purpose distributions for the mobile phone data detected trips 

Period Direction Business passengers  Leisure passengers 

July 2019 

Departing 9.30% 90.70% 

Arriving 12.66% 87.34% 

Total 11.01% 88.99% 

August 2019 

Departing 11.12% 88.88% 

Arriving 13.75% 86.25% 

Total 12.72% 87.28% 

 

Once applied to the mobile phone data detected trips, a set of distributions have been calculated in 
order to assure that the results obtained are reliable and no error has occurred during the process. 
Figure 41 presents a comparison between the distributions of business passengers according to the 
passenger surveys and the mobile phone data after the application of the trip purpose estimation 
models depending on the passenger duration of the stay which is the most relevant variable for 
determining the trip purpose. The distributions obtained after applying the calibrated model to the 
trips detected with mobile phone data follow the same patterns as the ones in the passenger surveys, 
which suggests that the process has been performed correctly. 
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Figure 41: Trip purpose distribution comparison between mobile phone data and passenger surveys per 
passengers’ trip duration 

5.3.5 Access mode estimation 

The objective of this step is to develop a model able to predict the transport mode used by the 
passenger to access or egress the airport. As in the previous step, the EMMA passenger surveys have 
been used to calibrate a machine learning model which will be later on applied to the trips detected 
with mobile phone data in order to estimate the access/egress mode. The process followed is 
presented in Figure 34. 

 

Figure 42: Proposed methodology for inferring the passengers’ access/egress mode 

Since the access and egress legs are not relevant to the validation of the terminal models, the detailed 
estimation of the passenger transport mode used is not included in this deliverable. Readers interested 
in the analysis are referred to deliverable D5.1 Airport Access and Egress Simulation Module, where 
the methodology and results obtained are further explained. 
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5.3.6 Estimation of travelling groups 

One characteristic that particularly affects the mobility patterns on the passengers is the group size. 
For the terminal model, this aspect is especially relevant for describing how the passengers will move 
along the terminal, as the behaviour will be slightly different if they are travelling alone or in groups 
(for example, at the airport facilities such as the security control, the complete group will wait until the 
last of them has been processed instead of continuing their itinerary independently), and for 
determining the arrival time of passengers to the terminal, as they will usually arrive together rather 
than one by one, which, for the model, can be translated into an arrival in batches rather than a more 
progressive arrival of passengers. 

5.3.6.1 Methodology 

In order to extract which passengers are travelling together, a mixed approach that analyses and fuse 
mobile phone data and passenger surveys have been developed. The process follows the following 
steps: 

1. The behavioural patterns of passengers regarding the size of the travelling group have been 
studied using the passenger surveys. After a deep analysis, it has been noticed that the most 
relevant factors affecting the passengers’ group size are the purpose of the trip and the 
origin/destination. In Figure 43, it is presented the group size distributions according to the 
passenger surveys depending on the purpose of the trip and the flight type. As it is presented, 
from the surveys information it can be stated that usually business passengers travel alone or 
in small groups, while leisure passengers tend to travel in bigger groups, which makes totally 
sense; regarding the origin/destination, passenger from international destinations tend to 
travel in bigger groups (just 10-15% of passengers travel alone) than passengers from national 
destinations (around 35% of passengers travel alone). 

 

Figure 43. Group size distribution according to the passenger surveys depending on the purpose of the trip 
and the flight type 
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2. Sets of potential passengers travelling together are extracted by creating groups with the 
same characteristics in the ATD. The methodology developed is based in that passengers 
travelling together need to have same or similar characteristics. While some of the passenger 
characteristics are relevant for creating these potential travel groups (such as flight number 
or mode of transport), other characteristics are not relevant for deciding if the passengers are 
travelling together or not (such as age or gender), therefore just characteristics considered 
relevant for discerning which passengers are potentially travelling together have been taken 
into account. These characteristics are: 

• Flight number 

• Origin of the access leg to the airport/Destination of the egress leg from the airport  

• Starting time of the trip 

• Leg type (whether it is the go or return trip) 

• Purpose of the trip 

• Nationality (for the Palma de Mallorca case study, distinguishing between Mallorca and 
rest of Spain in case on national passengers) 

• Mode of transport used 

3. Once the potential groups have been calculated, the group size distributions present in the 
passenger surveys have been used to divide the potential groups into smaller subgroups, 
according to the passengers’ characteristics (purpose and flight type), so that the group size 
comply with the distributions observed in the surveys (see Figure 43).  

After all this process, the following properties will be assigned to each of the passengers detected using 
mobile phone data: 

• Group identifier: unique identifier associating each passenger to an individual group (all the 
members of the same group will have the same identifier) 

• Group size: size of the group of passengers travelling together 

5.3.6.2 Results 

In Figure 44, it is presented a comparison between the group size distribution available in the 
passenger surveys and the group size distribution extracted from the ATD after estimating and 
assigning the passengers that are travelling together with the process described in Section 5.3.6.1. The 
comparison of the distributions shows that distributions obtained in the ATD clearly present a similar 
behaviour as the ones in the survey, therefore, it can be stated that the methodology developed to 
infer which passengers are travelling together provides satisfactory results. 
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Figure 44. Group size distribution comparison between the surveys and the ATD. 

5.3.7 Passenger arrival to security control estimation 

The objective of this component is to add to the Passenger ATD the passenger arrival time at the 
security control, more precisely to the BCR machines located at the beginning of the process. The 
proposed methodology is depicted in Figure 45. 

 

Figure 45: Passenger arrival to security control estimation: proposed approach 

In an initial calibration phase, the BCR data provided by AENA has been used to extract the passengers’ 
behaviour regarding the time of arrival to the security control depending on different relevant 
features. Then, the passenger presentation at BCR has been approximated by probability functions 
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depending on the previous selected features. Finally, in the assignment phase, the calculated 
probability functions are applied to the trips detected with mobile phone data in order to estimate the 
passenger arrival to the security control. A last validation is performed in order to assure that the 
behaviour observed on the BCR data has been correctly translated to the trips detected with mobile 
phone data. 

5.3.7.1 Dataset analysis 

The BCR data provided by AENA includes data from the 10th December 2019, when the new system 
was installed, to 31st March 2020, when the COVID-19 pandemic started. Figure 46 presents the 
distribution of passengers per day according to the BCR data. Although information from summer 2019 
is not available, useful insights can be extracted from the data available regarding the passenger’s 
arrival to the security control depending on different characteristics such as the time of the day or the 
final destination. 

 

Figure 46: Temporal distribution of the BCR data 

Aiming at removing invalid registers and reducing noise, the registers that meet one or more of the 
following conditions have been considered invalid: 

• The field ID_ACCION is different from '0'. This field specifies the response of the BCR system 
when passengers show their boarding cards. The value '0' means that the process has been 
successful, while the rest of values represent different errors that may occur during the process 
(duplicated presentation of the same boarding pass, wrongful recognition, etc.). 

• The flight encoded on the BCR is not found in the flight schedules file extracted from the PMI 
Airport Operational Database (AODB). If the flight is not found or the flight category differs from 
regular or charter (training, aero-taxi, etc.), the register is considered invalid.  

• The flight was delayed for more than 2 hours. If the flight is significantly delayed, in some cases 
the data shows that the passenger arrives to the security control after the flight departure. This 
issue may introduce significant noise to the analysis, and therefore these registers have not been 
considered for the study. 
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5.3.7.2 Calibration phase 

Figure 47 and Figure 48 show the probability distribution and the accumulated distribution of the 
passenger arrival time to the BCR, respectively.  

 

Figure 47: Probability distribution of passenger time of arrival to the BCR  

 

 

Figure 48: Accumulated probability distribution of passenger time of arrival to the BCR  
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5.3.7.2.1 Feature analysis 

An analysis of the passenger presentations profiles at BCR depending on different passenger 
characteristics has been conducted to capture possible characteristics that may influence earlier or 
later arrivals.  

The features which seem to be more related to the passenger arrival behaviours are: 

• Destination. Passengers travelling to different destinations may have different behaviours 
regarding the arrival time at the airport. It also must be taken into account that, depending on 
the destination, the number of controls the passenger has to pass may differ: for example, non-
Schengen flights require passport control. Therefore, it has been decided to group the 
destinations into:  

o Inter-islands: flights between the Balearic Islands (MAH and IBZ) 

o Domestic: flights to the rest of the Spanish territory (BCN, MAD, etc.) 

o Schengen: flights to European Schengen destinations (ORY, MXP, etc.) 

o No Schengen: flights to European non-Schengen destinations (LHR, MAN, etc.) 

o International: flights to non-European destinations (ALG, NDR, etc.) 

• Time of the day. Passenger behaviour may differ during the day depending on the time of the 
flight: for example, in the early morning it is not expected that the airport terminal will be too 
crowded, while in the morning or afternoon the number of flights may be significantly higher. 
With this in mind, the BCR data have been divided into 4 different periods: 

o P0: from 4 am to 8 am 

o P1: from 9 am to 2 pm 

o P2 from 3 pm to 8 pm 

o P3 from 9 pm to 3 am 

• Day of the week. Passenger behaviour may also depend on the day of the week.  

The results obtained from the data exploration are presented in the figures below. 

 

Figure 49: Passenger presentation profiles at BCR per flight destination 
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Figure 50: Passenger presentation profiles at BCR per period of the day 

 

Figure 51: Passenger presentation profiles at BCR per day of the week 

The most significant variables affecting presentation times are the destination and the time of the day. 
Passengers flying to domestic and inter-islands destinations arrive to the airport later, while 
passengers to Schengen destinations arrive earlier, possibly because these passengers usually have 
more luggage which they need to check in or are usually foreign visitors which do not know the airport. 
Finally, passengers to non-Schengen and International destinations are the ones that arrive earlier to 
the flight, what can be explained by the fact that non-Schengen passengers have to cross an additional 
passport control. Regarding the time of the day, passengers flying in the early morning arrive with less 
anticipation to the airport. On the other hand, the variable weekday does not show significant 
variations across different weekdays. 

It is important to assure that the two variables that will be used for segmentation, destination and 
period, are independent: for example, the reason why early morning passengers arrive less in advance 
could be that most of the flight are inter-islands or domestic, and not the period of the day itself. With 
this aim, the passenger presentation profiles with crossed segmentations have been calculated, Figure 
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52 shows an example for domestic and Schengen flights. It can be concluded that both variables are 
independent as there are significant variations across the period of the day for flights to the same 
destinations. 

 

Figure 52: Passenger presentation profiles at BCR per destination and period of the day for domestic flights 
(left) and Schengen flights (right) 

5.3.7.2.2 Passenger presentation profiles approximation and validation 

Once the features that will be used to assign the passenger arrival to the security control have been 
selected, the real passenger presentation profiles are approximated by probability distributions with 
known parameters, so that a random value can be later applied to the trips detected with mobile 
phone data. 

From the distributions shown in section 5.3.7.2.25.3.7.2, two candidate distributions are considered: 
a normal distribution and a gamma distribution. For each segmentation, the empirical presentation 
curve has been approximated by both functions thus obtaining their shape parameters: mean and 
standard deviation for the normal distribution, and alpha and beta for the gamma distribution. Once 
the shape parameters have been calculated, the empirical and approximated curves have been 
compared in order to measure the error due to the approximation. The results are presented in Table 
18, where it can be seen that gamma distributions present a lower error than normal distributions. 

Table 18: Passenger presentation profiles approximation error 

Probability 
distribution 

Average error Maximum error 

Normal 1.40% 12.11% 

Gamma 0.77% 6.19% 
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In the light of these results, gamma distributions have been used to reconstruct the passenger arrival 
to the security control. Figure 53 presents a comparison between the real and estimated curves for 
the worst-case scenario (Schengen flight during period P3), where it can be checked that the estimated 
curve produces a very good approximation of the observed behaviour. 

 

Figure 53: Comparison between real curve and its approximation for the worst case (destination: Schengen, 
period: P3) 

5.3.7.3 Assignment of passenger arrival time at security control to trips detected 

with mobile phone data 

Once the different approximated curves have been extracted, the probability of arriving to the security 
control is assigned to the mobile phone data detected trips according to their characteristics (trip 
destination and time of the day). The following figure presents an example of the results obtained for 
domestic flights, compared to the real data obtained from the BCR dataset. The approximation is very 
accurate for periods P0, P1 and P2, and slightly less accurate for period P3. 
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Figure 54: Comparison between estimated passengers’ arrival to BCR (green) vs the real data from the BCR 
dataset (red) depending on the period of the day 

5.3.8 Reconstruction of passenger terminal itinerary  

The passenger terminal itineraries will be studied by using mobile apps data, since these data contain 
information related to the exact time and location where the mobile app users are located (see Figure 
55a). The goal is to use this data to reconstruct each passenger trajectory inside the terminal and 
determine how long it took for the passenger to pass through the different airport zones (security 
control, commercial areas, passport control, etc.). 

The methodology developed to reconstruct the passengers’ itinerary comprises the following steps: 

• Construction of the airport travel paths: from the raw app data the trajectory followed by the 
passengers is reconstructed (see Figure 55b). 

• Extraction of passenger stay times: once the passenger trajectories have been calculated, we 
calculate the passenger stay times at the different airport areas. 

• Application of the stay time data to the travel diaries: once the passenger stay times have been 
computed, they are assigned to the trips detected with mobile phone data in order to 
reconstruct their terminal itinerary. 
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Figure 55: Mobile apps data: total number of registers in a single day categorised by user (up) 
and example of single user trajectory (down) 

5.3.8.1 Construction of the airport travel paths 

Prior to the reconstruction of the passenger trajectories, the following study areas have been defined. 
These areas are shown in Figure 56. 

• Parking: external area of the airport including pick-up and drop-off area until the entrance to 
the airport terminal. 

• Terminal or check-in area: from the terminal entrance to the security control. 

• Security 1 and security 2: the PMI airport has two identical security controls. Additionally, there 
is an additional security control on the ground floor for passengers accessing module B (inter-
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islands and domestic destinations); however for simplicity purposes, this security control has 
not been taken into account. 

• Commercial area: commercial area right after the security controls 1 and 2. All passengers going 
to modules A, C and D must pass through this area. As passengers departing from module B 
access from a different security control, they do not cross this zone. 

• Access to module A: an additional zone to access the module A has been defined as it includes 
an additional passport control for non-Schengen flights, which depart from this module. 

• Modules A, B, C and D: the different modules have been defined from the exit of the security 
control and commercial area until the boarding gates. 

It is also important to take into account that the PMI airport is divided into two floors: for departing 
passengers, the check-in area and the security control for passengers accessing module B are in ground 
floor, while the rest of the security as well as the commercial zone are located in the first floor.  

 

Figure 56: PMI airport outline 

As the registers can be located anywhere inside the airport, feasible travel paths have to be defined so 
that the passengers are only able to travel along such paths. To do so, the general outline depicted in 
Figure 56 has been used. This outline is then translated into a network of 5x5m squares. This network, 
depicted in Figure 57, connects every square with its neighbour squares, allowing the flow of people 
between one square and the surrounding squares. Every considered path will travel from square to 
square, making sure that none of the reconstructed trajectories falls outside of the airport. 
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Figure 57: PMI 5x5m network 

Once the network has been generated, the process to study the passenger trajectory is the following: 

• Assign the location data and timestamp to the network square. 

• Connect each location point to the next register following the possible paths. 

• Calculate the timestamp in each square where the user is detected, assuming constant speed 
between two points. 

• Connect the whole agent’s trajectory. 

 

Figure 58: Example of computed passenger trajectories inside the terminal 
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5.3.8.2 Extraction of passenger stay times 

Once the trajectories have been calculated, we calculate the passenger stay times at the different 
airport areas and use them to estimate the stay time distribution in each area. These time distributions 
have been fitted into a gamma distribution and then used for the assignment of the passenger stay 
time to the previously calculated ATDs.  

For the security control area and the access to module A (which includes the passport control), as the 
times spent on the security control will depend on the number of passengers at the airport, the ideal 
approach would be extracting a different time distribution for each time of the day. However, the 
sample of registers is not big enough to accomplish this task, so two time ranges have been defined, 
one for off-peak hours (P0) and one for peak hours (P1). In case of the commercial area, different 
segmentations have been extracted depending on the module the passenger is departing from, as the 
behaviour may differ depending on their destination. The following figures show the comparison 
between the data extracted from the mobile apps data and the approximated curves.  

 

Figure 59: Security control stay times: approximation for off-peak (left) and peak hours (right) 

 

Figure 60: Access to module A stay times: approximation for off-peak (left) and peak hours (right) 
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Figure 61: Commercial are stay times: approximation for passengers accessing module A (up),  
C (bottom left) and D (bottom right) 

5.3.8.3 Application of the stay time to trips detected with mobile phone data 

Once the extracted distributions are applied to the ATDs, a complete passenger itinerary inside the 
airport terminal is obtained. The results obtained are presented in the following figures. 

Figure 62 and Figure 63 show the passenger time distributions on the security and passport control 
(access to module A), respectively. It can be seen that in off-peak periods (P0) most of the passengers 
spend around 3-4 minutes in each of these areas, while during peak periods (P1) the distribution is 
flatter and the probability of spending longer times in both areas increases. 
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Figure 62: Distribution of passenger stay time at the security control  

 

Figure 63: Distribution of passenger stay time at the passport control (access to module A) 
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Figure 64 shows the passenger stay time distributions for the commercial area depending on the 
module from which the passenger is departing. Passengers accessing module A tend to stay longer in 
the commercial area while passengers departing from modules C and D spend less time there. 
Passengers accessing module B are not considered as they pass through a different security access and 
they do not cross this area. 

 

Figure 64: Distribution of passenger stay time at the commercial area 

Finally, the passenger stay times at the different modules have been depicted in Figure 65. Passengers 
departing from modules A, C and D tend to stay similar times in the respective modules, while 
passengers departing from module B have shorter stays. This behaviour may be due to the fact that 
module B only has flights with inter-islands and domestic destinations. 

 

Figure 65: Passenger time distributions on the airport modules 
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5.4 ATDs of professional drivers, workers and other visitors 

In addition to passengers, other kind of airport visitors should also be taken into account in the 
management of the airport. A set of specific algorithms have been developed for the identification of 
airport workers, professional drivers (taxi drivers, bus drivers, drivers of LGVs and HGVs, etc.), and 
other short-term visitors. For these users, only the access and egress legs have been considered, as 
they are not simulated in the terminal model. Therefore, the detailed calculation of the diaries for 
these kinds of airport users is reported in deliverable D5.1 Airport Access and Egress Simulation 
Module. 

5.5 KPIs and statistical test for model validation  

The KPIs that will be used to validate the simulation models are of two types: 

• throughput in a specific area (#pax); 

• time spent in a specific area. 

These KPIs will be computed for three different areas: 

• check-in area: from the access of the departure hall to the end of the check-in process; 

• security area: from the boarding pass scan to the end of security process; 

• post-security area (airside): from the end of the security process to the boarding process 

The KPIs will be evaluated within specific time-windows during the day and/or at peak hours. We will 
use the average and standard deviation values of the simulation output and will compare them with 
the output of the reconstructed passenger ATD. 
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6 Case Study 1: Palma de Mallorca Airport 
(PMI) 

6.1 Introduction to the case study 

Palma de Mallorca Airport (IATA: PMI, ICAO: LEPA; also known as Son Sant Joan Airport) is an 
international airport located 8 km east of Palma, Mallorca, Spain, adjacent to the village of Can Pastilla. 
The airport is Spain's third largest airport after Madrid*Barajas and Barcelona-El Prat. The airport was 
used by 29.7 million passengers in 2019. 

The airport is constituted by two runways and one terminal (see Figure 66). The terminal has a main 
building and four modules where the gates are located; these modules are named A, B, C and D. The 
main building is built on three levels: the arrival hall is located in the first level, the departure hall is 
located in the second level, and the security area is located in the third level.  

 

Figure 66: Palma de Mallorca Airport (Photo: AleXorz, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=2239065) 

 

 

https://commons.wikimedia.org/w/index.php?curid=2239065
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6.2 Characteristics of the simulation model  

6.2.1 Simulation infrastructure 

As first step in the development of the simulation model, the infrastructure of the model was created. 
To this end, the layout of the terminal has been created according to the real blueprint of the airport 
terminal which was provided by the airport operator. By uploading a .dxf file of the airport terminal 
blueprint in the simulation software, we could build the main structure of the terminal (walls and 
floors) and all the facilities into detail. Figure 67 shows the airport terminal blueprint and the 
simulation model infrastructure. 

 

(a) 

 

(b) 

Figure 67: Terminal blueprint (a) and top view of the PMI airport terminal simulation model (b). 

The simulation model recreates the different flows of passengers within the airport terminal: 
departure, arrival and transfer. In the IMHOTEP case study the transfer flow is neglected, as the PMI 
airport is a leisure-oriented airport with a low percentage of transfer passengers. 

6.2.1.1 Departure flow 

Figure 68 shows a diagram of the departure flow at PMI airport. The airport is built on three floors, 
and it has four different modules that accommodate the gates. Due to this configuration, the trajectory 
of the passengers differs according to the type of flight (inter-island, Schengen, non-Schengen), 
passenger nationality (EU, non-EU), and on the aircraft stand allocation (contact or remote). 
Passengers’ departure trajectory is the same for all passengers until the check-in area, and it then 
changes according to the passengers’ destination. 

• Inter-island: for these passengers, the trajectory starts from the second floor at the check-in 
counter for checking-in the flight (unless they checked-in online) and drop off their baggage 
(unless they are baggage-free). These passengers will need to depart from Module B, which is 
exclusively dedicated to inter-island flights. Passengers will then use the security checkpoints 
located on the second floor, to finally reach Module B, located on the first floor.  
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Figure 68: Departure flow at PMI airport 

• Non-Schengen: passengers flying to a non-Schengen destination have the same trajectory as the 
inter-island passengers until the check-in area, and then go to Module A, which is the module 
dedicated to non-Schengen destinations. The security checkpoints are located on the third floor 
and are split into two areas, north and south. Here passengers are usually guided by the airport 
staff to one of the two areas according to the level of congestion of these two security areas 
(see Figure 69). After the security control, passengers reach Module A, but before reaching the 
gate area they go through the passport control process. This process differs according to the 
passenger’s nationality, as EU passengers are allowed to use an automated passport gate, while 
non-EU passengers need to use one of the manual passport control counters. Module A is 
further split according to the aircraft stand (contact or remote); gates on the first floor connect 
to contact stands while on the ground floor gates connect to remote stands. 

• Schengen: passengers whose flight destination is to a Schengen country have a similar trajectory 
as the non-Schengen passengers until the security control area, and then go to either Module C 
or Module D and reach their assigned gates. According to the passengers’ available time and 
preferences, these trajectories may slightly differ as passengers may spend time at the available 
shopping and catering areas. 
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Figure 69: Screens located in the security area that display the expected queuing times at both north and 
south security areas 

In the following paragraphs all the different areas of the airport terminal involved in the departure 
flow modelled in the simulation model are described: 

• Departure hall: it has six access/exit points and several waiting areas located in front of each 
check-in block (see Figure 70b). In this area there are also three catering and two shopping areas. 
The check-in area occupies most of the departure hall surface, having in total 192 check-in 
counters. Passengers who have already checked-in online and who do not have any baggage to 
drop off skip this process and go directly to the security area. In the departure hall there is the 
security area, which is dedicated only for flights located in Module B. Here we can find two 
boarding pass scan gates and two security lanes. There are also six stairs that lead to the upper 
level where the security area for the flights assigned to Model A, C and D is located (see Figure 
70c). Figure 71 shows a top view of the departure hall taken from the simulation model, while 
Figure 72 depicts departure flow within the departure hall. 
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(a) 

 
(b) 

 
(c) 

Figure 70: Check-in counters (manual) (a), waiting area (b), stairs to the security area (c) 

 

Figure 71: Top view of the departure hall simulation model 
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Figure 72: Passenger flow within the departure hall at PMI Airport 

• Security area: it is divided into North and South security area. Both have 20 boarding pass scan 
gates and height security lanes (see Figure 73a). Each of the security lanes serves two conveyor 
belts for the bags/items scan. Each security area has a fast lane for the boarding pass scan (see 
Figure 73b). Usually, passengers are directed to the less congested security area. After the 
security process, there is a big area with a duty-free shopping centre, two additional shopping 
areas and one catering area. By walking in this area passengers can move towards Modules A, C 
or D. Figure 74 shows a top view of the security area taken from the simulation model. Figure 
75 depicts the passenger flow in the security area. 

 
(a) 

 
(b) 

Figure 73: Boarding pass reader gates (a), north security fast lane access (b) 

 

Figure 74: Top view of the security area simulation model 
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Figure 75: Security area flow at PMI Airport 

• Module A: it is built on two levels and has 28 gates in total. Figure 76a and Figure 76b show a 
top view of both first and ground floor of Module taken from the simulation model. On the 
ground floor of Module A (see Figure 76b) there are only gates that connect to remote stands, 
12 in total. On the first floor (see Figure 76a) there are 16 gates which connect to contact stands. 
Figure 77 shows one of the gate areas in Module A. Module A has four catering areas and four 
shopping areas, all located on the first floor. Module A is used only for international (non-
Schengen) flights; for this reason there are two passport control areas, one for departures and 
one for arrivals. The passport area for departure has six manual passport control gates and 40 
automatic passport readers, while the passport control area for arrivals has 12 manual passport 
control gates and 40 automatic passport control readers. The automated passport control gates 
can be used by passengers who hold an EU passport. Figure 78a and Figure 78b show the 
automated and manual passport control facilities. 

 

(a) 

 

(b) 

Figure 76: Top views of Module A first floor (a) and ground floor (b) simulation model 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

100 
 

 

 

Figure 77: Gate area in Module A 

 

(a) 

 

(b) 

Figure 78: Automated passport control readers (a), manual passport control counters (b) 

 

Figure 79: Passengers’ flow in Module A 
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• Module B: it is built on one level and has only remote gates, 8 in total. Module B also has one 
shopping area. Module B is used only for national flights. Figure 80 shows a top view of Module 
B taken from the simulation model.  

 

Figure 80: Top view of Module B simulation model. 

• Module C: it is built on one level and has 33 contact gates. Module C has six catering and seven 
shopping areas. This module is used only for Schengen flights. Figure 81 shows a top view of 
Module C taken from the simulation model.  

 

Figure 81: Top view of Module C simulation model. 
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• Module D: it is built on one level and has 19 contact gates. It has four catering areas and four 
shopping areas. Modula D is used only for Schengen flights. Figure 82 shows a top view of the 
Module D taken from the simulation model.  

 

Figure 82: Top view of Module D simulation model 

6.2.1.2 Arrival flow 

The arrival process is less complex than the departure flow. The arrival process involves mainly two 
areas, the baggage claim and the arrival hall. In Figure 83, the diagram depicting the arrival passengers’ 
flow is shown. We can see that the passengers coming from Module A need to go through the passport 
control, either automated (EU passport holders) or manual (non-EU passport holders). These 
passengers access the baggage claim area from two different sides (north and south). The passengers 
coming from Module B, C or D access the baggage claim area from the south side (right side when 
looking at Figure 84). 

 

Figure 83: Arrival flow at PMI Airport 
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Figure 84 shows a top view of the baggage claim and arrival hall taken from the simulation model.  

• Baggage claim area: the baggage claim area can be accessed by two entrances located at its two 
ends. In the baggage claim area there are 19 baggage belts. 

• Arrival hall: in the waiting area there are three catering areas, one shopping area and seven 
access/exit points. Once outside the terminal, the passengers can choose their next mode of 
transport (taxi, bus, private car). 

 

Figure 84: Baggage claim area and arrival hall. 

Table 19: Module characteristics. 

 Module 

A B C D 

Contact gates 16 0 33 19 

Remote gates 12 8 0 0 

Shopping areas 4 1 7 4 

Catering areas 4 0 6 4 

6.2.2 Passenger properties 

To set passenger profiles and characterise their behaviour inside the airport terminal several 
properties have been defined. These properties are shown in Table 20. 

Table 20: Passenger properties in the PMI airport terminal model 

Property Value 

Domestic status International; Domestic 
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Airline type Full cost service; Low-cost service 

Nationality  

Passenger type Arrival; Departure 

Travel purpose Business; Leisure 

Booking class Premium; Economy 

Entry time Arrival passengers: scheduled arrival time 
Departure passengers: passengers’ arrival at the airport 
terminal profile 

Exit time Arrival passengers: - 
Departure passengers: Scheduled departure time (SDT) 

Entry point Arrival passengers: arrival gate 
Departure passengers:  One of the six departure hall access 
point 

Exit point Arrival passengers: one of the seven arrival hall exit point 
Departure passengers: departure gate 

Check-in counter type Manned 

Check-in reporting time Domestic flights: 2 hours before SDT 
International flights: 3 hours before SDT 

Gate reporting time Domestic flights: 30 minutes before SDT 
International flights: 1 hour before SDT 

Comfort distance to borders 1 m 

Comfort distance to persons Pre-COVID-19: 0.5 m 
During COVID-19: 1.5 m 

Walking speed 1 m/s 

Generate bags Random generated: min 0, max 2 

 

6.2.3 Data sources and limitations 

The following tables summarise the data available for developing the simulation model.  

Table 21 shows the availability of the ‘geometry and resources’ data. 

Table 21: Availability of the geometry and resources category data for the PMI airport 

Data Source Availability 

Airport terminal layout PMI airport Yes 
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Resources of the airport terminal PMI airport Yes 

Check-in desks allocation per airline PMI airport Yes (we had the winter allocation and the 
summer allocation) 

Facilities processing times PMI airport No (we collected them on the field) 

The processing times were not available from the airport partners. Therefore, a data collection task 
was performed to get a sample of them. Due to lack of time, resources and airport restrictions, the 
sample collected is limited. The data collected for the processing times of the airport facilities were 
fitted into probability distributions and implemented into the model. Table 22 shows the probability 
distributions values for these processing times. Moreover, the processing times were modified after a 
calibration process. 

Table 22: Processing times used for the airport terminal model of the PMI airport 

Facility Processing time [seconds] 

Check-in Triangular (12, 160, 43) 

Boarding pass scan Uniform (3, 4) 

Security check 50 

Passport control 
Manual Triangular (6, 92, 16) 

Automated Triangular (6, 92, 16) 

Gate boarding Normal (7, 2) 

Baggage claim 52 

 

Table 23 shows the availability of the ‘passenger information’ data. 

Table 23: Availability of the passenger information data for the PMI airport 

Data Type Source Availability 

Passenger type String 
Flight schedule/ WP5 
access/egress model 

Yes 

Passengers with 
baggage 

Boolean Airport surveys No 

 

 

2 This time refers to the baggage pick-up. Passengers will need to wait until the bags will be available on the 
baggage belt. 
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Number of baggage 
per passengers/group 

Int Airport surveys No 

Passenger groups Int 
Airport surveys/WP5 
access/egress model 

No 

Travel purpose String Airport surveys Yes 

Entry/exit  WP5 access/egress model 
No (it will be available in WP6 
after the integration with the 

access/egress model) 

Airport access/egress 
type (modal split) 

String 

Airport surveys No 

Passengers’ airport 
access profile  

Airport surveys Yes 

Regarding passenger information data, the main limitations have been the number of passengers with 
baggage, the size of passenger groups and the amount of baggage for each passenger/group. Although 
this type of data was not available, we collected a small sample of it by collecting data at the check-in 
counters. These datasets were fitted into probability distributions and fed into the model. Table 24 
shows the value used. Passenger information data about the access to the airport and the type of 
transportation mode used is assumed to be available in a later stage, when the passenger terminal 
process simulation model will be integrated with the access/egress simulation model of WP5 (WP6). 

Table 24: Data used for modelling the missing data about passenger information category 

Type of data Value 

Amount of baggage per passenger/group Uniform (1,3) 

Passengers’ groups 

Business 0 

Leisure Uniform (1,4) 

Visiting Uniform (1,2) 
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Table 25 shows the availability of the data category ‘flight information’. 

Table 25: Availability of the flight information data for the PMI airport 

Data Source Availability 

Flight number 
Flight schedule/WP5 
access/egress model 

Yes 

Airline operator 
Flight schedule/ WP5 
access/egress model 

Yes 

Departing and arrival scheduled time Flight schedule Yes 

Scheduled gate closing time Flight schedule No 

Gate number Flight schedule Yes 

Airport of origin/destination Flight schedule Yes 

Check-in counters opening/closing time Flight schedule No 

As for the data about gate closing time and check-in counters opening/closing time, we assumed that 
the gates close 10 minutes before the SDT, while the check-in counters open 2 or 3 hours before the 
SDT for domestic and international flights, respectively. 

6.3 Model validation 

The model validation process consists in comparing the results from the passenger ATD and the 
simulation results. The airport areas considered for the validation process are the following: 

• Check-in area: from the access of the departure hall to the end of the check-in process 

• Security area: from the boarding pass scan to the end of security process; 

• Post-security area, which in the case of the PMI airport includes: 

o Commercial area: from the end of the security area to the Module accesses.  

o Corridor area Module A (Passport area): from entrance to the corridor that leads to 
module A to the passport control area. 

o Module A: from the passport control to each of the gates located in Module A. 

o Module B: from the access point that leads to Module B to each of the gates located in 
Module B. 

o Module C: from the access point that leads to Module CB to each of the gates located in 
Module C. 

o Module D: from the access point that leads to Module D to each of the gates located in 
Module D. 

For each area we evaluate the passengers’ throughput and passengers’ dwelling time. Moreover, for 
a more in-depth analysis we have conducted a statistical test (t-test) for having more insights about 
the validation process. In order to conduct the validation process, we have considered one of the 
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busiest days of the year, the 3rd of August 2019, and the hours with the highest amount of departing 
flights and departing passengers.  

Figure 85 and Figure 86 show the departing traffic and the number of departing passengers, 
respectively, on the 3rd of August 2019. The timeframe considered in the validation process is from 
4:00 AM to 11:00 AM. In this timeframe there are 149 departing flights and approximately 28,200 
departing passengers. The simulation results are presented with average values obtained from 10 
replications. 

 

Figure 85: Departing traffic at PMI on the 3rd of August 2019 
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Figure 86: Departure passengers at PMI on the 3rd of August 2019 

6.3.1 Statistical analysis 

A statistical analysis (t-test) has been conducted to validate the model. In this context we chose the 
throughput as the main KPI to evaluate. The statistical test chosen to run the validation is the t-Test, 
two-tail two-sample assuming equal variances, with a level of confidence of 95% (α=0.05). We defined 
a null hypothesis Ho, that does not reject the validity of the model, in other words, it assumes that 
there is no significant difference between the means of the two data samples. While the hypothesis 
H1 rejects the null hypothesis. In Table x there is the outcome from the t-test for the average 
throughput in each area of the terminal. 

Table 26: Validation results for each area of the airport terminal 

Terminal Area 
Mean 

P0 t0 tα/2 
ATD Simulation 

Check-In area 274.68 253.96 0.1526 1.432 1.964 

Security area 274.77 249.07 0.07 1.814 1.964 

Commercial area 270.27 249.29 0.139 1.481 1.964 

Passport area 76.88 70.4 0.2656 1.114 1.964 

Module A 77.41 71.07 0.3717 0.893 1.964 

Module B 4.52 5.03 0.6055 -0.516 1.964 

Module C 117.45 107.98 0.2146 1.242 1.964 
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Module D 75.95 70.92 0.3618 0.912 1.964 

 

Looking at the results, we can see that the calculated t0 value is always less than the critical value tα/2 
for each area, which means that the null hypothesis H0 is not rejected. Looking at the mean values we 
can see that these values are similar for the ATD and simulation in each terminal area, confirming the 
validity of the simulation model. In the next sections we visually compare the throughput and time 
spent performance of the simulation model and the ATD for each terminal area. 

6.3.2 Check-in area 

Figure 87 shows the passengers’ throughput comparing the simulation (red line) and the empirical ATD 
(blue line) results. The two outputs have similar trends, the throughput of the ATD shows more high 
and low peaks than the simulation throughout, revealing a higher dispersion compared with the 
simulation results. Looking at the average values, as reported in table 26, we can see that they are 
similar.  

 

Figure 87: Check-in area throughput: simulation vs empirical ATD 

These results suggest that in the ATD the passengers are processed at a higher rate than in the 
simulation. A factor that plays a critical role in the results of the check-in area for both ATD and the 
simulation model is the passenger arrival profile at the airport terminal. This explains why in the first 
hours of the day the ATD throughput is higher than then simulation one, but then later the simulation 
throughout reaches similar values, only being shifted of about one hour. Another factor is the check-
in counter processing time, which regulates the throughout and therefore also the time spent in the 
check-in area (dwelling time and queuing time included). Figure 88 shows the time spent by the 
passengers in the check-in area comparing the simulation and the ATD. The results of these graphs 
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confirm the behaviour of the passengers within the check-in area, as in the case of the simulation (see 
the above graph in Figure 88) most of the passengers (about 45000) spend less than 20 minutes. In the 
case of the ATD (see the below graph in Figure 88), although most passengers (about 27000) spend 
less than 20 minutes in the check-in area, a significant part of it (about 29000) spends up to 60 minutes, 
confirming the low peaks of throughput found in Figure 85. It is worth noting that the check-in times 
used for the check-in counter facilities were taken from real measurements; however, they might not 
reflect entirely the reality of the considered date (3rd of August 2019) as 1) these processing times are 
affected by the COVID-19 extra procedures to be done at the check-in counter, 2) they were taken in 
an off-peak season (November 2021). 

 

 

Figure 88: Time spent in the check-in area: simulation (above) vs empirical ATD (below) 

6.3.3 Security area 

Figure 89 shows the throughput of the security area comparing the simulation (red line) and the ATD 
(blue line) results. 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

112 
 

 

 

Figure 89: Security area throughput: simulation vs empirical ATD 

Similar as in the check-in area, we can notice almost a one-hour shift in throughput values between 
simulation and ATD results. The ATD throughput starts to build up sooner than the simulation one in 
the first hours of the day until 5 AM. Then the two trends reach similar values throughout the rest of 
the day. We can notice that the ATD throughput is slightly higher than the simulation one.  By looking 
at thegGraphs of Figure 88, it can be noticed that passengers spend less time (queuing time and 
processing time) in the security area compared to the ATD. Most of the passengers (about 60000) in 
the simulation model spend less than 2 minutes being processed in the security area, with another 
majority of passengers (about 10000) spending less than 4 minutes, while the ATD shows that most of 
the passengers (about 22000) spend between 2 and 6 minutes, with another significant amount of 
passengers (about 30000) between 6 and 14 minutes. These different results are explained as in the 
simulation model the processing time was kept at a low level after the calibration process (50 seconds) 
therefore passengers are processed faster than in the ATD.  
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Figure 90: Time spent in the security area: simulation (above) vs ATD (below) 

It is worth noting that the data taken from mobile network data and mobile apps may also lead to 
some inaccuracies as this type of data do not consider the y coordinate, but only the x and y ones. At 
the PMI airport terminal, the check-in area and the security area are on two different floors but parts 
of their surface overlap in terms of x and y coordinates; therefore, the high values of throughout at 
the security could be also an overestimation of the passengers’ flow. In this case, the ATD should be 
further calibrated as well in order to better capture the passengers’ flow. 

6.3.4 Post-security area (airside) 

6.3.4.1 Commercial area 

Figure 91 shows the throughput of the commercial area for both the simulation (red line) and the 
empirical ATD (blue line). The values between the simulation and the ATD are consistent with the 
results found in the security area. As here we find that the throughput of the ATD builds up sooner 
than the simulation model, however, the average values of throughput during the day are very similar, 
as it is confirmed in table 26. 
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Figure 91: Commercial area throughput: simulation vs empirical ATD 

Figure 92 shows the time spent by passengers in the commercial area for both simulation (above) and 
ATD (below). We notice that in the simulation model passengers spend more time in the commercial 
area compared to the ATD. In the ATD most of the passengers (about 51000) spend up to 6 minutes, 
while in the simulation a large part of the passengers (about 48000) spends between 12 and 26 
minutes. The simulation model, as it is modelled in its logic, allow passengers to stop at 
shopping/catering areas of the commercial area if they have enough time before the gate boarding 
time starts (45 minutes at least). This seems to be a good approximation of the real-life passengers’ 
behaviour and given the similar throughout with the ATD we kept using this logic. It is worth noting 
that the passengers’ behaviour within the commercial area was modified following the calibration 
process of the simulation model. 
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Figure 92: Time spent commercial area: simulation (above) vs empirical ATD (below) 

6.3.4.2 Corridor connecting Module A (Passport area) 

Figure 93 shows the occupancy of the corridor connecting Module A for both the simulation (red line) 
and the empirical ATD (blue line). Both simulation and ATD values are very similar, having the ATD 
higher peaks, especially around 12:00, 14:00 and 16:00. The first hours of the day from 1:00 to 5:00 
shows a bigger passenger throughput in the ATD compared to the simulation model, as we previously 
analysed in the other areas of the terminal. Figure 94, shows the time spent in this particular area, 
where we can notice that in the simulation model passengers spend between 2 and 6 minutes, which 
is much lower when compared to the ATD where most of the passengers spend longer time, reaching 
peaks of 28 minutes. Factors impacting these values are the amount of facilities used for passport 
(manual and automated) and their processing times. After calibrating the simulation model, we used 
as processing times for both manual and automated a triangular distribution with minimum value 6, 
mode value 16 and maximum value 92 (see Table 22). Moreover, in the simulation model we assumed 
that all the facilities were open, which this is something that could be different in a real-life scenario. 
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It is worth noting that the processing times used for the manual passport control were taken for 
arriving passengers, so these might change a bit for the departing passengers. Moreover, this 
assumption does not consider the failure rate of the automated passport gates.  

 

Figure 93: Corridor connecting Module A (passport area) throughput: simulation vs empirical ATD 
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Figure 94: Time spent in Module A connecting corridor: simulation (above) vs empirical ATD (below) 

6.3.4.3 Module A 

Figure 95 shows the throughput of Module A for both the simulation (red line) and the ATD (blue line). 
It can be noticed that, as previously mentioned in other area of the terminal, the ATD has a higher 
throughput in the first hours of the day, until 5:00, then the two models show similar values for the 
rest of the day. The ATD shows some peaks especially between 14:00 and 15:00 and between 17:00 
and 18:00. These results are in line with the ones obtained in the corridor connecting Module A, as 
these two areas are next to each other.  
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Figure 95: Module A throughput: simulation vs empirical ATD 

Figure 96 shows the graphs of the time spent in Module A for both simulation model (above) and ATD 
(below). The ATD histogram has the shape of a bell with its peak value between 50 and 60 min, while 
the simulation model is right-skewed, meaning that more passengers spend long times in the Module 
A (up to 140 minutes). One of the reasons for passengers to spend more or less time in Module A is 
due to the passenger arrival in the Module A, which translates in having more time spent in the module 
when passengers arrive early at the module, given a fixed schedule of flight departures, and the 
opposite. According to the simulation model results, passengers arrive at the module well in advance 
compared to the passengers from the ATD, and this is confirmed by the fact that passengers from the 
simulation model do not spend too much time in the passport area compared to the ATD ones, 
therefore, having more time left between the scheduled time of departure. On the contrary, in the 
ATD, although they spend less time in the commercial area compared to the simulation model, the 
long time spent in the passport area leads them to reach module A late.  
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Figure 96: Time spent in Module A: simulation (above) vs empirical ATD (below) 

6.3.4.4 Module B 

Figure 97 shows the throughput of Module B for both the simulation (red line) and the empirical ATD 
(blue line). In this area of the terminal, both simulation model and ATD show similar values, as it is 
confirmed also by Figure 96, where the time spent in the module is shown for both models. 
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Figure 97: Module B throughput: simulation vs empirical ATD 

For Module B, there is a direct impact of the operations conducted in the check-in area, as Module B 
is adjacent to the check-in area, having between them only a dedicated security area for domestic 
flights. The similar values of time spent in Module B by both models reflects the fact that the flow of 
passengers in the check-in area is well represented by the simulation model, while the high values of 
time spent in Module B reflects the fact that, for both models, passengers arrive early enough to the 
terminal and they are quickly processed through the check-in area.  
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Figure 98: Time spent in Module B: simulation (above) vs empirical ATD (below) 

6.3.4.5 Modules C and D 

Figure 99 and Figure 100 show the throughput of Modules C and D for both the simulation (red line) 
and the ATD (blue line). The results for both simulation model and ATD are in line with the results of 
the commercial area, as we notice a similar trend where we see a higher throughout for the ATD 
compared to the simulation model until 5:00. After that, during the rest of the day, the results show 
similar values for both models in both modules. Figure 101 and Figure 102 show the time spent in 
Module C and D for the simulation (above) and for the ATD (below). Comparing the simulation and 
ATD in both Modules, we see a similar distribution of the histograms, resembling a bell-shape curve. 
For Module C, the simulation reaches its peak between 60 and 70 minutes, while for the ATD between 
40 and 50 minutes. For Module D, the simulation reaches its peak between 60 and 80 minutes, while 
for the ATD between 40 and 50 minutes. 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

122 
 

 

 

Figure 99: Module C throughput: simulation vs empirical ATD 

 

Figure 100: Module D throughput: simulation vs empirical ATD 
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Figure 101: Time spent in Module C: simulation (above) vs empirical ATD (below) 
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Figure 102: Time spent in Module D: simulation (above) vs empirical ATD (below) 
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7 Case Study 2: London City Airport (LCY) 

7.1 Introduction to the Case Study 

London City Airport (IATA: LCY, ICAO: EGLC) is an international airport in London, England. It is located 
in the Royal Docks in the London Borough of Newham, approximately 7 miles (11 km) east of the City 
of London and a shorter distance east of Canary Wharf. These are the twin centres of London's financial 
industry, which is a major user of the airport. The airport was developed by the engineering company 
Mowlem in 1986-87. London City is the fifth-busiest airport by passengers and aircraft movements 
serving the London area, after Heathrow, Gatwick, Stansted and Luton. 

The airport is constituted by one 1,508 metres long runway and one terminal (see Figure 103). The 
terminal covers two levels. The ground floor airside is used for arrival passenger processes 
(immigration control; baggage reclaims). The landside includes the airport access/egress facilities and 
the onside check-in options. The first floor is used by departing passengers only. The boarding pass 
control, security check, dwelling areas, and the departure gates are located in this area. 

 

Figure 103: London City Airport (Photo: Ercan Karakaş, GFDL, 
https://commons.wikimedia.org/w/index.php?curid=40553705)  

https://commons.wikimedia.org/w/index.php?curid=40553705
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7.2 Characteristics of the simulation model  

7.2.1 Simulation infrastructure 

As the first step to build the simulation model, the infrastructure of the model was created. To this 
end, the layout of the terminal has been created according to the real blueprint of the airport terminal, 
which was provided by the airport operator. By uploading a .dxf file of the airport terminal blueprint 
in the simulation software, we could build the main structure of the terminal (walls and floors) and all 
the facilities in detail. Figure 104 to Figure 107 show the airport terminal blueprint and the top view of 
the simulation model for the two floors. 

 

Figure 104: Airport terminal blueprint (ground floor) 

 

Figure 105: Top view of the airport terminal simulation model (ground floor) 
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Figure 106: Airport terminal blueprint (first floor) 

 

Figure 107: Top view of the airport terminal model (first floor) 

At LCY airport, only two flows of passengers need to be considered: departure and arrival flows. LCY 
does not have any transfer flows.  

7.2.1.1 Departure flow 

Figure 108 depicts the diagram of the departure passengers’ flow. Passengers access the airport 
terminal by two different access, one for the ones reaching the airport by train (DLR), and another for 
the passenger reaching the airport by road (taxi, bus, private car). Once inside the terminal, the 
passengers have different options for the check-in (self or manual) and for the baggage drop off (self 
and manual); passengers who have checked-in online can skip these processes. After that, passengers 
reach the first floor where they scan their boarding passes before going to one of the two security 
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areas (left or right side). Usually passengers are guided by the airport staff to one of the two security 
areas, according to their level of congestion. After the security process is completed, passengers go 
through a duty-free area before reaching the gate area. The passenger trajectories can slightly differ 
according to the propensity of passengers to visit the shopping or catering area. Finally, they board 
from one of the available gates. 

 

Figure 108: Departure flow at LCY Airport 

The different areas included in the simulation model are described below: 

• Ground floor: it includes the airport terminal access points, three in total, two dedicated to the 
passengers who are using road and one dedicated to the passengers who are using rail. Right at 
the entrance (entrance hall) there are 20 check-in kiosks where passengers can do a self-check-
in. Figure 109 shows a top view of the entrance hall taken from the simulation model, while 
Figure 110 shows the access points (DLR and Road) and some of the self-check-in facilities. By 
walking further inside the building, there is the main check-in area (see Figure 111a) which 
includes another 5 self-check-in kiosks (see Figure 111). In this area we can also find some self-
bag-tag facilities (see Figure 112a and Figure 112b). These are divided according to airlines, 
having 7 and 9 for British Airways (BA) and the rest of the operating airlines, respectively. There 
are 4 self-drop-off facilities dedicated to BA and other 3 for the other airlines. In the check-in 
area there are also manual check-in counters, divided per airline as well. Here we find in total 
12 manual check-in counter, of which 5 are dedicated to BA and 7 to the rest of the operating 
airlines. Figure 113 shows a top view of the check-in area taken from the simulation model, while 
Figure 114 depicts the passengers’ departure flow on the ground floor. 
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Figure 109: Top view of the entrance hall simulation model 

 
(a) 

 
(b) 

 
(c) 

Figure 110: LCY Airport access from train (DLR) (a), from road (b) and self-check-in facilities (c) 

 
(a) 

 
(b) 

Figure 111: Manual check-in counters (a) and departure hall (b) 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

130 
 

 

 
(a) 

 
(b) 

Figure 112: Self-bag-tag facilities (a) and self-bag drop-off (b) 

 

Figure 113: Top view of the check-in area simulation model 
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Figure 114: Departure flow on the ground floor at LCY Airport 

• First floor: Figure 115 provides a diagram of the departure passengers’ flow at the first floor. 
Passengers start checking their boarding passes at one of the six electronic boarding pass reader 
gates. Two extra manned counters are installed for backup reasons, families, and exemptions. 
After boarding pass control there is a pre-security preparation area where passengers can check 
their belongings before approaching the security control area. The security area is divided into 
two parts, the left and right side. On the left side there are 2 lanes, while on the right side there 
are 4 lanes. Figure 116 shows a top view of the boarding pass control and security control area 
taken from the simulation model. After having successfully completed the security check 
process, the passengers reach the gate area, waiting for their flights. In this part of the terminal 
there are some catering and shopping areas and sitting areas. Figure 118a and Figure 118b show 
how they look like in reality, while Figure 117 shows a top view of how they look like in the 
simulation model. The first floor contains 15 arrival gates along the terminal wings. Figure 119 
shows part of them taken from the simulation model. Before leaving the terminal, the boarding 
passes are checked at the gate control. Afterwards, the passenger head to the black door and 
enter the aircraft, which is equivalent to leaving the model. Figure 120 shows a real picture of 
one of the gate areas where passengers sit and start the boarding process. 

 

Figure 115: Departure flow on the first floor at LCY Airport 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

132 
 

 

 

Figure 116: Top view of the security control area simulation model. 

 

Figure 117: Top view of the dwelling area simulation model 

 
(a) 

 
(b) 

Figure 118: Sitting area first floor (a), catering area first floor (b) 
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Figure 119: Top view of the departure gates simulation model. 

 

Figure 120: Gate area at LCY Airport 

7.2.1.2 Arrival flow 

Figure 121 shows a diagram of the arrival passenger flow. The passenger’s arrival trajectory starts at 
the arrival gates, which are located on the ground floor of the terminal. There are 15 arrival gates along 
the terminal wings. Domestic flights use the terminal right-wing and non-domestic flights gates use 
the terminal left-wing. After accessing the terminal, the passengers from international flights head to 
the immigration control area, while domestic passengers head directly to the baggage claim area. In 
the immigration control area UK passport holders can use the automated passport control gates, while 
the rest of the passengers need to use the manual passport control counter. In the immigration area 
there are ten automated passport control gates and six manual passport control counters. Passengers 
with passports rejected at the automated gates have to go to one of the manned counters. Figure 122 
shows a top view of the immigration control area taken from the simulation model. The airport 
operates three baggage belts, which can be seen in Figure 123, where a top view of the baggage claim 
area taken from the simulation model is shown. Two of them are located in the non-domestic arrival 
area (Belt 1 and 2) and one belt (Belt 3) is reserved for domestic flight passengers. Both areas are 
spatially separated to avoid the mixing of passenger flows. Finally, passengers reach the arrival hall, 
which is shared with the departure hall on the ground floor (see Figure 105). 
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Figure 121: Arrival flow at LCY Airport 

 

Figure 122: Top view of the immigration control area simulation model 

 

Figure 123: Top view of the baggage reclaim area simulation model 
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7.2.2 Passenger properties 

To set passenger profiles and characterise the passenger behaviour inside the airport terminal several 
properties have been defined. 

Table 27: Passenger properties in the LCY airport terminal model 

Property Value 

Domestic status International; Domestic. 

Airline type Full cost service; Low-cost service 

Nationality  

Passenger type Arrival; Departure. 

Travel purpose Business; Leisure. 

Booking class Premium; Economy 

Entry time Arrival passengers: scheduled arrival time of the flight added by a 
buffer for de-boarding 
Departure passengers: passengers’ arrival at the airport terminal 
profile. 

Exit time Arrival passengers: -  
Departure passengers: Scheduled departure time (SDT). 

Entry point Arrival passengers: arrival gate 
Departure passengers:  One of the three entrance hall access points. 
DLR trains users using a dedicated door. The two other doors are used 
by other passengers (see section 6.2.1). 

Exit point Arrival passengers: One of the three entrance hall exit points. DLR 
trains users using a dedicated door. The two other doors are used by 
other passengers (see section 6.2.1). 
Departure passengers: departure gate. 

Check-In counter type Self; Manned. 

Check-in reporting time 2 hours before SDT 

Gate reporting time 30-20 minutes before SDT 

Comfort distance to 
borders 

1 m. 

Comfort distance to 
persons 

Pre-COVID-19: 0.5 m 
During COVID-19: 1.5 m 

Walking speed 1 m/s 

Generate bags 60% of passengers have bags. The exact baggage number for a 
passenger is based on the flight destination. The maximum number of 
bags per passenger equals 3. 
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7.2.3 Data sources and limitations 

The following tables summarise the data available for developing the simulation model.  

 Table 28 shows the availability of the ‘geometry and resources’ data. 

Table 28: Availability of the geometry and resources category data for the LCY airport 

Data Source Availability 

Airport Terminal layout LCY airport Yes 

Resources of the airport terminal LCY airport Yes 

Check-in desks allocation per airline LCY airport Yes 

Facilities processing times 
LCY airport Partially provided by the airport operator 

and partially collected on the field) 

The processing times were not available from the airport partners. Therefore, a data collection task 
was performed to get a sample of them. Due to lack of time, resources and airport restrictions, the 
sample collected is limited. The data collected for the processing times of the airport facilities were 
fitted into probability distributions and implemented into the model. Table 29 shows the probability 
distributions values for these processing times. 

Table 29: Processing times used for the airport terminal model of the LCY airport 

Process Processing time [seconds] 

Check-in 

Kiosk (Boarding pass) 111 

Kiosk + SSBD (Boarding pass and baggage tag) 175 

SSBD (Baggage tag) 64 

SSBD (baggage tag Normal(20, 2) 

Manned Counter 106 

Boarding pass scan 
Automated Gate Triangular(4,9,6)3 

Manual Uniform(20,30) 

Security check 
Uniform(55, 75)¡Error! M

arcador no definido. 

 

 

3 The triangle distribution is characterised by the three parameters (a) minimum, (b) maximum, and (c) mode. 
The notation used in the report is: Triangle(minimum value, maximum value, mode value) 
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Process Processing time [seconds] 

Immigration 
Control 

Automated Triangular(15, 40, 15) 

Manual (EU passport) Triangular(5,25,10)  

Manual (non-EU passport) 
Triangular(10,140,60)¡Error! M

arcador no definido. 

Gate boarding  Normal(8, 1)3 

Baggage claim  54 

Table 30 shows the availability of the shows the availability of the ‘passenger information’ data. 

Table 30: Availability of the passenger information data for the LCY airport 

Data Source Availability 

Passenger type 
Flight schedule/ WP5 
access/egress model 

Yes 

Passengers with baggage Airport surveys Yes 

Number of baggage per 
passengers/group 

Airport surveys Yes 

Passenger groups 
Airport surveys/WP5 
access/egress model 

No 

Travel purpose Airport surveys Yes 

Entry/exit WP5 access/egress model 
No (it will be available in WP6 
after the integration with the 

access/egress model) 

Airport access/egress type (modal 
split) 

Airport surveys Yes 

Passengers’ airport access profile  Airport surveys Yes 

The data about passenger groups was not available, however, as LCY airport is a business-oriented 
airport, the amount of passengers travelling in groups is very small. Passengers’ information data about 
the access to the airport and the type of transportation mode used is assumed to be available in a later 
stage, when the passenger terminal process simulation model will be integrated with the access/egress 
simulation model of WP5 (WP6). 

 

 

4 This time refers to the baggage pick-up. Passengers will need to wait until the bags will be available on the 
baggage belt. 
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Table 31 shows the availability of the data category ‘flight information’ 

Table 31: Availability of the flight information data for the LCY airport 

Data Source Availability 

Flight number Flight schedule/WP5 access/egress model Yes 

Airline operator Flight schedule/ WP5 access/egress model Yes 

Departing and arrival scheduled time Flight schedule Yes 

Scheduled gate closing time Flight schedule No 

Gate number Flight schedule Yes 

Airport of origin/destination Flight schedule Yes 

Check-in counters opening/closing 
time 

Flight schedule No 

Regarding the data about gate opening/closing time and check-in counters and kiosks opening/closing 
time, we have assumed that the gates open 30 mins and close 10 minutes before the SDT, while the 
check-in counters, self-service bag drop facilities and kiosks open 2 hours and close 20 mins before the 
SDT for all the domestic and international flights. 

7.3 Model validation 

Due to the lack of data about the real flight schedule, we have created a flight schedule based on 
information about the check-in allocation and gate allocation. This flight schedule resembles an 
ordinary day in October 2019. The flight schedule contains 138 departure flights for a total of 8,255 
passengers and 134 arrival flights for a total of 8,611 passengers. Figure 124 describes the simulated 
departure and arrival passenger flow in the LCY simulation model with a rolling window size of 1 hour. 
Looking at Figure 124 we can notice two departure peaks during the day, one between 6:30 and 9:00 
and another one between 16:30 and 20:00. Regarding arrival passengers, Figure 124 shows two peaks, 
one between 6:30 and 8:30 and another one between 17:00 and 19:00.  
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Figure 124: Simulated departure and arrival Pax flow at LCY airport 

In LCY the departure passenger presentation profiles at the terminal are distinguished by the travel 
purpose (business or leisure) as it is shown in Figure 125 and Figure 126. Passenger presentation 
profiles also vary based on the time of the flight. To capture these different dynamics, we divided the 
day into four periods: 

• Morning: from 6 am to 12 pm 

• Afternoon: from 12 pm to 6 pm 

• Evening: from 6 pm to 12 am  

• Off-peak: from 12 am to 6 am 

Passengers start arriving to the terminal 4 hours before the Scheduled Time of Departure (STD). 
Business passengers (Figure 125) usually arrive later than leisure passengers (Figure 126). 

 

Figure 125: Business passengers’ presentation profiles at LCY airport 
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Figure 126: Leisure passengers’ presentation profiles at LCY airport 

For the validation experiments, we have run 10 replications so as to obtain statistically significant 
results. In the following sections, we present the validation results for the check-in, security, post-
security (airside) areas, and arrival process. 

7.3.1 Check-in area 

According to the passengers presentation profiles at LCY airport, passengers start to access to the 
terminal even 4 hours before STD; however, the check-in and self-service bag drop (SSBD )facilities 
only open 2 hours before STD. This creates a potential congestion situation, as the passengers who 
need to check-in or drop their bags using one the available facilities need to wait in the check-in area 
hall until these will open.  

Figure 127 shows the passenger throughput in the check-in area using a 1-hour rolling window. Here 
we find that the maximum passenger throughput is around 220 pax/hour between 15:30 and 17:30. 
Compared to the morning peak hours, where there are around 75 pax/hour between 5:30 and 7:30, 
the afternoon peak presents many more passengers waiting in the check-in area. In this case, the main 
driver of these results is that in the evening there are more planned flights and passengers arrive at 
the airport terminal with more anticipation. 
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Figure 127: Pax throughput in check-in area of the LCY airport 

At LCY airport, airlines are divided in three groups according to their check-in procedures. AGroup 1 
includes British airways (BA), Flybe (BE), Aer Lingus (EI), Lufthansa (LH) and Swiss (LX). These airlines 
allow passengers to use the self-check-in kiosks, self-service bag-tag, bag drop facilities and manned 
check-in counters. Alitalia (AZ), LOT (LO), KLM (KL), Luxair (LG) and Air Antwerp (WP) constitute group 
2. They allow passengers to use the self-kiosks to check in on-site and the manned check-in counters 
to drop baggage. Group 3 includes Sun-Air (EZ), Loganair (LM) and Blue Islands (SI), and their 
passengers can only use the manned check-in counters for the check-in and baggage drop processes. 
In summary, self-kiosks serve the passengers of airline groups 1 and 2, SSBD is dedicated to airline 
group 1, and manned check-in counters are available for the three groups. Figure 128 depicts the 
values for the self-kiosk queuing time, showing an average value of 8 seconds, and a maximum value 
of 213 seconds. The value of the median shows 0 seconds of queuing time, meaning that over half of 
the passengers with self-kiosk check-in do not wait at all. 

 

Figure 128: Kiosk queuing time at LCY airport 

The SSBD process at LCY airport consists of two operations: the self-service bag tag and self-service 
bag drop. These two operations are simulated separately in the model; their queuing times are shown 
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in Figure 129. For the self-bag-tag operations, the average queuing time is 1 second, with a maximum 
value of 63 seconds. For the self-bag-drop, the average waiting time remains 1 second, with a 
maximum value of 53 seconds. In both processes the median values are 0 seconds, meaning that over 
half of the passengers do not wait for using these facilities. Based on the simulation results, there is 
not congestion at self-kiosks and SSBD facilities. 

 

Figure 129: SSBD queuing time at LCY airport 

Figure 130 shows the average, median, 95 percentile and maximum values of the manned check-in 
counter queuing time for BA and for all airlines. We can see that BA’s check-in queuing time is lower 
than that of the rest of the airlines, whose average value is 3 minutes and whose maximum value is 15 
minutes. One of the reasons for the low values for BA counters is that BA has 7 dedicated self-service 
bag-tag and 4 self-bag drop facilities, which relieve the manned check-in counters from congestion. 
For the other airlines, we find high values of check in queuing time, as some passengers need to wait 
up to 35 minutes. These results can be explained as these airlines belong mostly to Groups 2 and 3, 
and therefore their passengers have limited or no access to self-service facilities. This leads to an 
accumulation of passengers at the available manned check-in counters, causing congestion situations.  

 

Figure 130: Manned check-in counter processing time of BA and all airlines 
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Figure 131 illustrates the number of total waiting passengers at the check-in counters. These values of 
queue length confirm the high values of queuing times found in the check-in area. 

 

Figure 131: Passengers in queue before check-in counters 

7.3.2 Security area 

The security process is implemented in accordance with the data provided by the LCY airport and 
following the advice provided by the airport managers involved in the project. One of these indications 
is that the additional security lanes are usually opened when the queuing time is more than 5 mins and 
closed when the queuing time is less than 2 mins. This rule was implemented in the simulation 
software, and initially only one security lane was opened. Figure 132 summarises the average, median, 
the 95 percentile and maximum values of the security queuing time. The average and median values 
are both around 2.8 minutes. The 95 percentile and maximum values are 5.3 mins and 8.7 mins 
respectively. From these values it can be concluded that the security area is not particularly congested.  

 

Figure 132: Security queuing time at LCY airport 
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Figure 133 shows the values of queue length in the security area during the day. There is a peak period 
between 15:30 to 18:00 of approximately more than 80 passengers waiting for the security check. 
Combining with Figure 134 of the security lanes usage evolution, we find that a maximum of 4 lanes 
are open in these high queue length periods. Therefore, on average there are 20 passengers waiting 
in each lane. Due to the implemented management policy for opening/closing the security lanes, we 
find that the status of the lanes changes frequently, which in practice is not likely to happen. These 
results, however, can help the airport operator to plan in a more intelligent/informed way the use of 
the security lanes. In this case, we can infer that 4 security lanes are enough to cope with the passenger 
demand throughout the day. 

 

Figure 133: Passengers in queue before security at LCY airport 

 

Figure 134: Security lanes usage evolution at LCY airport 

Despite the lack of data for properly validating the simulation model, these results about the check-in 
and security processes were presented to subject matter experts at LCY airport for a preliminary 
validation. According to their targeted/estimated values, It is suggested that passengers should be able 
to go from check-in area through security area within 20 minutes. Recalling the results of our 
simulation in Figure 130 and Figure 132, we see that the 95 percentile values for BA and the rest of the 
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airlines are 15.5 and 22.3 minutes, respectively, while average values are 5.8 and 7.6 minutes for BA 
and the rest of the airlines, respectively. These results suggest that the model reflects the subject 
matter experts predictions. Furthermore, the throughput of one security lane is estimated by the 
experts to be 270 pax/hour. Figure 135 illustrates the simulated hourly throughput per lane, showing 
that the results of the simulation are quite close to the estimated values.  

 

Figure 135: Hourly throughput per security lane at LCY airport 

7.3.3 Post-security (airside) area 

Figure 136 shows the dwelling time of the passengers at the post-security (airside) area. Here 
passengers can spend some time either at the shopping/catering  areas or at the gate areas. This time 
is calculated as the time between the completion of the security process and the start of the boarding 
process for each passenger. According to Figure 136, the passengers spend on average 32 minutes in 
this area. The 95 percentile is around 90 minutes and maximum value is up to 150 minutes. 

 

Figure 136: Dwelling time of the duty-free and gate areas of the LCY airport 
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Due to the assumption about the gate opening/closing time being 30 and 10 minutes before the SDT, 
respectively, it may happen that some passengers are not able to reach the boarding gate on time, and 
therefore miss their flight. In our experiments we found an average value of 24 passengers missing 
their flight, which represents 0.29% of the total departing passengers. By making an in-depth 
investigation about the behaviour of these passengers, we found that they commonly entry the 
terminal only half an hour before the SDT. Thus, if they encounter some congestion between check-in 
and the security process, they will most likely miss their flight.  

7.3.4 Arrival process 

Figure 137 depicts the flow of the arrival passengers exiting the terminal, which has a similar shape to 
the arrival passenger flow in Figure 124. In this figure we also note that the flow shifts almost 30 mins 
behind compared with the scheduled arrival pax flow. This can be explained as the generation of the 
passengers and bags in the simulation model is considering a 10-minute delay due to the aircraft 
disembarking process. Furthermore, by reviewing the passenger’s arrival flow time, which is calculated 
from the time the passengers enter the terminal through the arrival gate until they exit the terminal, 
it takes 10 to 15 minutes for them to complete this process. As a result, the passengers exit time is 
almost 30 minutes later than the scheduled arrival pax flow. 

 

Figure 137: Arrival passengers exit flow 
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8 Conclusions  

This document describes the development and preliminary validation of the IMHOTEP airport terminal 
simulation models for the case studies of the PMI and LCY airports. The models have been developed 
following a well-established methodology developed by Banks et al. (2010): 

•  We started by setting the scope and objectives of the simulation models, which aim to recreate 
the passenger terminal processes of the two case studies which will be used for testing the 
IMHOTEP ConOps. 

• In the model conceptualisation phase, the level of abstraction of the models was defined and 
the main processes to be modelled were described. 

• Then we conducted the data collection process, analysing the collected data and the limitations 
resulting from missing or incomplete data. It is worth noting that data collection is an ongoing 
process, which will continue for the overall duration of the project, so that the simulation models 
are updated with new data whenever this becomes available.  

• The model translation phase selected and justified the modelling paradigm, agent-based 
simulation, and the software tool used for model implementation, 

• We have defined an innovative validation methodology based on the use of different data fusion 
and data analytics techniques to reconstruct the passengers’ ATDs. The data used to reconstruct 
ATDs includes flight, bus and rail schedules, data about the passengers’ access to terminal 
facilities (e.g., access to security control), passenger surveys, and data form personal mobile 
devices. 

The validation approach consists in comparing the results from the empirical passengers’ ATDs with 
the results from the simulation models. So far this process has only been conducted for the PMI airport, 
due to the fact that the mobile network data for the LCY case study have become available very 
recently. For this reason, the validation of the LCY model has been based on expert judgement; a full 
validation process will be completed as soon as empirical ATDs are also available for the LCY airport. 

The results of the validation process show that the models are able to correctly capture the passenger 
flow dynamics at both airports. However, the PMI model validation experiments also reveal some slight 
differences with the information extracted from the empirical ATDs, which suggests that the PMI 
airport terminal model calibration still has room for improvement, especially regarding the modelling 
of the process at the check-in and security areas. In the next stages of the project, as part of WP6 
‘Model Integration and decision support toolset’, the simulation models described in this document 
will be further refined to address these issues. 

Once the models are fully calibrated, they will be integrated with the airport access-egress models 
developed by WP5 ‘Modelling of passenger access and egress’. Finally, the resulting integrated models 
will be used as an input for WP7 ‘Demonstration and evaluation of IMHOTEP ConOps and decision 
support tools’. 
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Appendix A Additional Scenarios focusing on Aircraft 
Turnaround 

The CAST simulation software, as described in Section 4, only covers passenger behaviour inside the 
terminal excluding airside processes and geometrically the apron area, and a such does especially not 
consider potential effects from the aircraft turnaround on the terminal. This addendum to the project 
investigates these interdependencies to identify potential bottlenecks related to this important link, 
which can even form the critical capacity path for an airport according to the following Figure 138 
showing airport parameter of coordinated, level-three airports in Germany: 

 

Figure 138: the terminal as potential airport capacity limitation constraint [fhkd.org] 

This will be addressed via specific scenarios addressing situations such as e.g., delayed turnarounds, 
slow or disrupted aircraft boarding or last-minute gate changes (Asadi et al. 2021; Evler et al. 2022a; 
Evler et al. 2022b). All of these may impede the passenger flow in the terminal. To specify these 
scenarios, a literature review was conducted, which is summarized in the following section. 

A.1 Literature Review  

A.1.1 Aircraft Turnaround Process 

The turnaround process is subject to active research and development because of its cost-sensitivity. 
‘By decreasing aircraft usability and generating extra costs like non-productive fuel consumption, labor 
costs, maintenance costs, passenger compensation costs, etc.’ (Vidosavljevic and Tosic 2010), delays 
have a large impact rendering the delay management by airlines and other stakeholders an important 
activity. However, while delays themselves are well-measurable, delay-incurred costs are often hidden 
or very indirect (e.g., PAX disloyalty, see Wu and Caves 2004).  

The primary and most cost-efficient practical solution of delay management lies in pre-scheduled 
buffer times (Fricke and Schultz 2009), allowing for the direct compensation of delays without further 
disruption of the schedule. Whenever buffer times remain unneeded, this imposes additional costs of 
in terms of suboptimal resource utilization, lowering financial efficiency. However, buffer times also 
help to ‘minimize operational disturbance at terminal’ (Wu and Caves 2004). The majority of scientific 
research is focused on the critical path in the arrangement of turnaround sub-processes (Wu and Caves 
2004), e.g., using the Critical Path Method (CPM).  Furthermore, a dependency on ground service 
equipment (GSE, see Figure 139), which is usually a shared resource between aircraft stands, exists. 
This leads to more logistics-oriented research, addressing the so-called Aircraft Turnaround Problem 
(ATP) or Turn-Around Problem (TAP) as a subtype of the Resource-Constrained Project Scheduling 
Problem (RCPSP, see Kuster and Jannach 2006). 
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Figure 139: airplane service arrangement, from Fricke and Schultz (2009) 

According to Vidosavljevic and Tosic (2010), the key activities for an aircraft turnaround are air-bridge 
positioning/removal, passengers disembarking/boarding, potable water, galley and lavatory service, 
cabin cleaning, unloading/loading baggage and/or cargo, aircraft refuelling, etc. ‘For long-haul flights, 
the time [including] comprehensive technical and cabin services should be considered instead’ (Wu and 
Caves 2004). Some activities have sequential dependencies (i.e., disembarking – fuelling – boarding; 
or unloading – loading), while others exhibit a high degree of concurrency (i.e., galley & lavatory 
services, etc., see Vidosavljevic and Tosic 2010 and compare Figure 140 below). In general, there are 
multiple candidates for the critical path: inside the cabin (deboarding – cleaning – boarding) and on 
the aircraft (unloading – fuelling – loading, potentially interrupted by GSE availability or findings during 
the ramp check). 

 
Figure 140: graph representation of the turnaround process, from San Antonio et al. (2017) 

Vidosavljevic and Tosic (2010) consider the relative amount of task completion over time and certain 
types of disruptions (incoming delay, missing resources, equipment failure, etc.) and apply the CPM to 
assess the effect on the resulting turnaround time, see Figure 141 for illustration. For modelling, the 
paper resorts to Coloured Petri Nets (CPN) to simulate the partially concurrent behaviour.  
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Figure 141: change in turnaround process critical path, from Vidosavljevic and Tosic (2010) 

Adding stochastic task processing times, the discrete event logic becomes fuzzy. As the stochastic 
theory falls short in delivering analytic solutions for types of process dependencies (e.g., explaining the 
total time of a serial dependency by convoluting the density functions), the problem is usually solved 
by numerical computation, mostly utilizing a kind of Monte-Carlo approach (San Antonio et al. 2017; 
Fricke and Schultz 2009; Oreschko et al. 2012; Schultz et al. 2013a).  

The distribution of sub-process times is an important input to such simulations. It is either based on 
assumptions (San Antonio et al. 2017) or direct measurement (Fricke and Schultz 2009; Schultz et al. 
2013b). The measurements are then dependent on the concrete airport, aircraft, airline, and/or 
ground handling contractor subject of the measurement activity. Generalizations are in principle 
possible (i.e., estimate plus confidence interval), but this is still subject to ongoing research. 

Detailed measurements on the individual processes’ completion times are presented by Oreschko et 
al. (2012), with published distributions of time demand for push-back, de-icing, boarding (including 
different boarding strategies and time for the stowing of hand luggage), and cleaning (including 
intermediate levels of job completion, allowing for tactical resource re-allocation). Figure 142 shows 
the exemplary ‘Monte Carlo convolution’ of the cleaning durations for seats and galley etc., resulting 
in non-normally distributed completion times for the entire sub-process (thick line, skewed 
distribution).  

 

Figure 142: characteristics of cleaning, from a Monte Carlo simulation, from Oreschko et al. (2012) 
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The aggregation of all sub-processes to the total turn-around duration is consequently also achieved 
via Monte Carlo simulation. While San Antonio et al. (2017) shows this as a proof-of-concept, Fricke 
and Schultz (2009) present an end-to-end analysis, including the critical path of each Monte Carlo 
replication (see Figure 143), concluding that about a third of incoming delays can theoretically be 
absorbed by sophisticated turnaround management. However, the practical measurements show a 
rather tight dependency of outgoing delay on the incoming delay (see Figure 144, limiting success in 
the current state. This suggests that the proposed fine-grained management of ground service 
processes has not yet implemented, either because it is too novel or because it is not practical or not 
financially feasible. 

Regarding models and tools, the use of advanced statistics in MATLAB (Wu and Caves 2000; Wu and 
Caves 2004), standardized numerical solvers with different optimization strategies (Kuster and Jannach 
2006; Silverio et al. 2013; Fricke and Schultz 2009), and concepts from the automation domain such as 
Coloured Petri Nets (CPN) using CPN Tools (Vidosavljevic and Tosic 2010) can be observed in the 
literature. Lacking a favoured method, this also shows that tool support has not yet been standardized 
and no breakthrough product has been produced. 

 

Figure 143: process start/end times correlated with aircraft arrival delay, from Fricke and Schultz (2009) 

 
Figure 144: regression analysis of arrival/departure delay, from Fricke and Schultz (2009) 
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A.1.2 Aircraft Boarding Process 
According to van Landeghem and Beuselinck (2002), the boarding process became a scientific topic 
only in the late 1990s, which surprises, as the scientific community widely agrees that the boarding 
sub-process is a critical path to reduce the total turnaround time. While the limited previous research 
aimed at improving the gate infrastructure and the check-in process, van Landeghem and Beuselinck 
(2002) ‘were rather surprised that we found almost no published research on how to improve the 
airplane boarding process.’ The paper then links boarding to customer satisfaction and acknowledges 
the passenger flow interruption while stowing the hand luggage in the overhead lockers, which had 
been subject to research by the aircraft manufacturers before. Different boarding strategies (random, 
by block, by row) are evaluated using a fast-time discrete event simulation implemented in Arena by 
Rockwell Automation. The simulation employs simple aggregated operations (passing one row, getting 
seated, getting up to stand in the aisle) to quantify time demands, coming to the interesting conclusion 
that random order boarding is by far not the worst scenario (van Landeghem and Beuselinck 2002). 
The only better performers are ‘alternating’ block or row scenarios, where so-called row interference 
is limited by calling portside seats (usually denoted A, B, C) and starboard seats (D, E, F) separately for 
each block or row. 

Inspired by this, Steffen (2008) presents an optimized boarding scheme derived via Markov Chain 
Monte Carlo simulation on top of a similar simulation approach. The ideas of alternating or interleaving 
rows and outside-in boarding (window, middle, aisle seats, acronym WILMA) are combined, leading to 
drastically reduced boarding times (1 – optimized: 1312, 2 – WILMA: 2750, 4 – random: 2846, 5 – blocks 
back to front: 4727, all simulation ticks, not seconds, compare Figure 145 below).  

 

Figure 145: histogram of boarding time (simulation ticks), from Steffen (2008) 

With growing scientific interest, more research, mostly simulation-based, focusing on boarding 
strategies, has been undertaken (Schultz et al. 2008; Mas et al. 2013; Schultz 2018a; Yuan et al. 2007; 
Jafer and Mi 2017). A recent literature review including the advantages and disadvantages for each 
boarding scheme can be found in Jaehn and Neumann (2015). The most dominant factor for the speed 
in which passengers can board the aircraft is the aircraft size and seating configuration and the number 
of doors in use. The most demanding situation is boarding a single-aisle aircraft from the front door 
only (Schultz et al. 2013a), see Figure 146. Wide-body configurations with twin aisles impose less 
constraints. Once the rear door is in operation, the duration of the boarding process is drastically 
reduced (but not halved). Therefore, the research usually focuses on single-aisle configurations.  
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Figure 146: schematic layout of commonly used aircraft, from Schultz et al. (2013a) 

Figure 147 shows various boarding schemes known from the literature and assessed in the studies 
(numbers denote the order in which the passengers are called for boarding).  
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Figure 147: schematic representation or boarding strategies, from Jaehn and Neumann (2015) 

Next to the strategy employed, passenger (non-)conformance to selected boarding procedures may 
typically hamper the anticipated performance in terms of process duration and quality. Especially 
when travelling in groups, passengers tend to divert. Other constraints include the given seat load 
factor, differentiation into first, business, economy plus and economy classes, etc., see Figure 148 
below. When conformance to boarding calls cannot be achieved, block boarding equals random 
boarding at theoretical level. At full conformance, back-to-front block boarding can lower the boarding 
time by about 80 % of the random reference expectancy and using the WILMA strategy, to about 65% 
(Schultz 2018a). ‘Alternating’ and WILMA strategies tend to separate passengers travelling in groups, 
hence resulting in low conformance, and low customer satisfaction, as also noted in Jaehn and 
Neumann (2015). The studies Milne and Salari (2016) and Qiang et al. (2017) further consider the 
number of carry-on luggage items when assigning the passengers to their seat and a boarding group. 

 

Figure 148: consideration of operational boarding constraints, from Schultz (2018a) 
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Measurements of real boarding operations are provided in Schultz et al. (2013a; 2018a, 2018b). These 
gathered data allowed to validate the assumptions taken in earlier research and as well as the 
simulation outputs regarding real-life performance. Figure 149 shows the distribution of time required 
to store all individual luggage, indicating a large variability which is usually not accounted for at process 
design stage.  

 

Figure 149: distribution of the luggage storing process, from Schultz (2018a) 

Figure 150, from Schultz (2018a), shows the total boarding time over number of passengers on the 
aircraft on single-aisle aircraft (B737 and A320). The best linear fit is obtained when applying an offset 
to the linear regression (solid line). The offset shall represent the time needed by the first passenger 
to reach his or her seat, followed by a constant boarding rate for the subsequent passengers. If this is 
not considered, a regression without offset (dashed) is often found in literature, yielding an average 
required boarding time of 5.5 seconds per passenger (s/PAX). Further analyses reveal three clusters 
distinguishing speedy, medium, and slow boarding processes. Schultz et al. (2013a) claim that 
passenger arrival rate at the gate and the service rate of boarding card control are the root cause of 
this observation.  

 

Figure 150: boarding time, measured over 282 flights over number of passengers on the flight, from Schultz 
et al. (2013a) 
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Indeed, the passenger arrival rate collected at the aircraft door decreases over the process of boarding, 
allowing to represent this process by an exponential decay model with a time constant (mean time 
between passengers) of 3.7 s, explaining a decline from initially 13.5 PAX/min to about 8 PAX/min 14 
minutes into boarding (Schultz et al. 2013a), yielding a rate roughly between 4.44 s/PAX and 7.5 s/PAX. 

Other simulations show similar results. The simulated performance for random boarding for 3 + 3 (six 
abreast) aircraft configuration led to 10:25 minutes or 5.20 s/PAX on average following Oliveira et al. 
(2021). Using a simulation with block-boarding, a small quantity of first-class passengers first and then 
random boarding for the economy passengers, Mas et al. (2013) determined 1008.5 s / 152 PAX, 
1140.8 s / 178 PAX, 1314.3 s / 212 PAX for exemplary small, medium and large single-aisle aircraft 
layouts, leading to appr. 6.5 s/PAX. 

There are other simulation-based studies concluding lower passenger flow rates. van Landeghem and 
Beuselinck (2002) report an average of 24.69 s for the random scenario and 132 seats, resulting in 
11.22 s/PAX. Jafer and Mi (2017) report a total of around 30 min for boarding 150 passengers, resulting 
in 12 s/PAX. Both publications assume rather slow walking speeds around ~2.4s for passing one seat 
row, where other researchers use values below one second (Mas et al. 2013; Yuan et al. 2007). Also, 
the amount of luggage and the associated handling time may be a source of these deviations. 

Experimental validation studies based on trials in artificial environments are presented in Steffen and 
Hotchkiss (2012) and Qiang et al. (2017). Steffen and Hotchkiss (2012) quantify a required time of 4:44 
minutes for 72 passengers in a 3 + 3 configuration (at a film set), which amounts to 3.94 s/PAX. For a 
2 + 2 configuration and only 40 passengers (in a school bus), Qiang et al. (2017) determined 2:29, 2:38, 
and 2:47 minutes required time during three trials, leading to 3.95 s/PAX on average. It is possible that 
the volunteers were more ‘motivated to board fast’ than regular passengers and got into an ‘efficient 
boarding routine’ over the run of the experiments.  

To summarize, a boarding rate of 4 to 8 seconds per passenger can be derived from literature as 
average for simulation-based studies while field measurements clearly report slower rates up to 12 
seconds per passenger. The individual boarding time from entering the aircraft until resting at the 
assigned seat is reported less frequently, and simulation-based studies conclude a wide range between 
2 and 5 minutes depending on seat location, position in the queue, etc. 

A.2 Scenario Definition regarding Aircraft Turnaround 

A.2.1 General considerations 
As the literature clearly shows, the aircraft turnaround holds multiple interdependencies with ground 
service resources and related processes on the apron. Turnaround tasks are standardized according to 
Figure 140, but equipment and human resources often act as constraints. A-CDM is the growing 
conceptual control framework at many airports, but so far not at London City Airport where still classic 
‘manual management’ based on personal communication is applied. 

A smart gate allocation scheme lays the foundation to optimize both apron and terminal operations, 
and we assume that the planning process performed at the airport is optimal in this regard, as solving 
the resource constrained problem scheduling problem (RCPSP) for ground-servicing the aircraft during 
turnaround is not covered in this project, even though intensively studied at TU Dresden (Evler et al. 
2022a). Consequently, flight plans provided by the airport are used for the baseline scenario, relying 
on the peak demand day. For this, we assume the flight plan to be still valid regarding ground service 
requests and capacity. 
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Concerning potential passenger interactions, it was concluded from the airport layout and initial 
results from the passenger simulation, that interdependencies between arriving and departing 
passengers in the terminal do not play a significant role. With the arrival (ground level) and departure 
levels of the ‘airside’ being well-separated, such interactions could only take place in the central 
meeting area. However, this one is neither confined nor do passenger streams cross or interact in a 
significant amount. 

From the initial passenger simulations, it became also clear that arriving passengers can always leave 
the airport quickly and at convenient service level, as the facilities do not restrict the passenger flow, 
so waiting times are minimal. Therefore, impacts of the turnaround process onto the departure of the 
aircraft and hence passenger experience before and during the boarding process were identified as 
most relevant to this study. 

Without detailed knowledge of the aircraft’s ground servicing part of the turnaround, the limited 
potential of absorbing delay times by speeding up the turnaround found by Fricke and Schultz (2009) 
can be observed and applied to the model. Using the correlation presented in Figure 144, reactionary 
outbound delay can be derived from inbound delay.  

However, also for a non-ACDM airport such as London City, delays are managed, as handheld 
communication devices are carried and used by the service personnel. Practical delay management 
would handle the situation as follows: as soon as the delay is detected, additional resources are 
dispatched if deemed necessary by the airline and the timetables will be updated with estimated delay 
times following the normal or sped-up turnaround. The turnaround progress will be closely monitored 
by means of communication between the staff at the departure gate and the personnel under and 
inside the aircraft. Finally, the callout to proceed to the gate will be made as soon as it becomes evident 
that the aircraft is indeed ready for boarding. As the departure delay is managed on a tactical level, 
the terminal processes are vastly unaffected, except for prolonged waiting for the boarding to start. 
As the delay is known as soon as the aircraft arrives, and communicated to the passengers, it can be 
assumed that the majority will spend this time at the central waiting area, as the space is less confined, 
and more facilities exist. 

Figure 151 shows the floor plan of the westerly pier with the departure gate numbers two to ten. It is 
accessible from the airside’s central waiting area depicted on the right end of the figure. The green 
areas are for resting, the red zones mark catering facilities.  
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Figure 151: floor plan of London City airport's westerly pier, gate number two to ten 

As depicted in Figure 151, the distance from central hall to the gates esp. with higher numbers is 
considerable. We so assume that passengers make their way to the departure gate well ahead of 
boarding time to arrive on time as indicated on the annunciator panel. In case of unforeseeable, last-
minute disruptions to the aircraft turnaround, a large quantity of passengers will be present at the 
gate, starting to queue up while waiting for boarding and potentially obstructing other passenger flows 
inside the narrow pier. 

With the scenario development laid out below, this scenario is developed further, and measurements 
representative for a positive passenger experience are defined. Further, the management aspect of 
reacting on last-minute disruptions in the turnaround is tackled in the scenario design. Here, we start 
with simple questions of when the call for boarding will be made with the perspective of developing 
resilience-oriented gate allocation strategies. By reserving the lower gate numbers to late or irregular 
arrivals, for example, passengers may remain at rest and still react quickly to re-assignments. 

A.2.2 Development of the Baseline Scenario  
The baseline scenario is derived from the simulated high-demand scenario by introducing a limited 
number of changes: 

• passenger motion simulation was changed to ‘collision mode’ 

• the boarding rate is changed according to the findings in the literature 

• the passengers’ arrival time at the gate is changed to normally distributed 

• the passengers’ queueing behaviour at the gate is re-modelled 

• due to changed timing, occasional corrections of the flight plan are necessary 

The simulation of airport terminal processes so far considered passenger flows and queue waiting 
times for check-in, baggage drop, security screening, catering, waiting, and checkout at the departure 
gate. The recommended level of detail for this is CAST Level 2 ‘path finding mode’ or level 2.5 ‘path 
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finding and visible queueing’ with a time increment of 5 s. Level 2.5 was chosen for the simulations so 
far. 

For adequate representation of individual space requirements, Level 3 adds passenger collision 
avoidance based on spatial requirements of the personal comfort zone (relying on the ‘social force’ 
model, proposed by Helbing and Molnár 1995). This level of detail is required to allow studying effects 
of obstruction and congestion, as targeted here. It is set up with a time increment of 0.5 s, as 
recommended for the software.  

Next, the passenger boarding rate was adjusted. So far it was set to 8 s/PAX and passengers arrived at 
the gate equally distributed throughout the 20 min boarding period. The boarding rate was 
intentionally set slightly slower than the arrival rate at the gate to generate the formation of a queue. 
However, this value is below the reported figures in literature and with a variation of the boarding rate 
planned for the scenarios, it was adjusted to as little as 4 s/PAX: This equals the upper limit for boarding 
a small single-aisle aircraft using the front door, only, as practiced in London City airport with most of 
the traffic being served by ATR42/72, ERJ170/175/190/195, DHC-8 Q400, Bae 146, F50, A318/220, etc. 
As this effectively doubles the passenger outflow rate at the gate, dual lane scanning of the boarding 
cards would be a (rather realistic) requirement. 

To assess the individual space requirements at the gate, the formation of queues needs to be 
controlled independently of the boarding rate. It was decided to change the arrival time at the gate to 
normally distributed with the mean being the start of the boarding and a standard deviation of 10 
minutes and bounded to a plus/minus two sigma environment. This leads to the first passengers 
arriving at the gate as early as 20 min before boarding commences. The majority arrives within 5 
minutes of the scheduled boarding time and the last passenger may arrive just as boarding closes. The 
distribution was chosen because it ‘fits the case’, it leads to the formation of a queue before boarding 
starts, and it leads to the arrival rate ‘thinning out’ towards the end of the boarding process. 

As half of the passengers arrive before boarding opens, prominent queues build up on the gate, well-
controllable for the modeler by setting arrival time at the gate vs. boarding start time. Figure 152 gives 
an impression of the queue when boarding is about to begin. On the management side, a call for 
boarding at gate 10 could have been made ca. 5 min prior to this situation. Figure 153 shows how the 
queue thins out at the head, as boarding has started, and passengers start moving. Following the ‘social 
force’ model, the motion propagates in a wave throughout the gathered crowd. Then, passengers from 
the second half of the probability distribution join the queue as boarding is ongoing. As to be seen 
from Figure 154, the queue has not yet dissolved when the last passengers arrive. Depending on the 
configuration, this could, however, be either way. 
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Figure 152: passengers queueing up at gate ten just before boarding starts 

 

Figure 153: boarding has started at gate ten, the head of the queue thins out 

 

Figure 154: the last passengers for the flight at gate ten arrive (yellow markers) 
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In total, the boarding process now starts earlier (arrival time at the gate and formation of a queue) and 
takes longer (boarding the queued crowd) even though the boarding rate was doubled. This is because 
the collision avoidance limits the throughput, yielding more realistic behaviour, as shown in the next 
section. 

To compensate for this, some parts of the simulation model had to be refined. The security screening 
is set to ‘all lanes open’, as not to obstruct the passenger flow into the terminal’s airside. (It was noted 
that some passengers were very late for their flight, not making it through congested security 
screening in time.) Then, the departure times and gates of a small number of flights needed to be 
changed as the original flight plan did not provide enough buffer between successive departures 
(sometimes as low as 20 min from the delay propagation modelled into it). These fine-tuning 
adjustments complete the baseline simulation, which demand about three times the processing power 
(25 instead of 8 min) due to the higher level of detail. 

A.2.3 Definition of Measurements Representative for Passenger 
Experience 

Depending on the geometry of the queuing area and the characteristics of passenger reporting at the 
gate in relation to the gate opening time, the corridor can become obstructed. The passengers for 
higher gate numbers will have to make their way through the crowd behind and inside the queueing 
area. This is shown in Figure 155 with queueing passengers in red and other passengers highlighted 
with yellow boxes.  

 

Figure 155: when queueing into the corridor, other passengers are obstructed 

Working through the crowd has twofold implications on the departing passengers. First, a slow-down 
occurs, potentially making late passengers fear running late for their own boarding. Second, the 
crowded situation will likely be perceived as unpleasant and should thus be avoided wherever possible. 
Not running late or even missing the flight is the prime objective when evaluating the scenarios. The 
secondary objective is minimizing the amount of time passengers are obstructed from free movement. 
This is representative for the personal comfort zone being compromised and can be effectively 
measured by the individual walking speed. For the bigger picture, the number of passengers residing 
in certain areas of the terminal can be used to understand how obstructions at certain parts hamper 
the outflow of passengers elsewhere. 
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The boarding time is depicted in comparison to the boarding opening and closing times. Due to the 
modelled queueing behaviour, all passengers adhere to the boarding start time, hence the histogram 
data depicted at Figure 156 is left-bounded at zero (the gate opening time) but not right-bounded, as 
late passengers are registered with their arrival times even after boarding closes after 20 min. (The 
aircraft departs another 10 min later, but the boarding times are nonetheless registered.) All late 
passengers are counted and reported as a proportion called ‘observed missed flight rate’. 

Next, a Weibull distribution is fitted over the empirical data using a maximum likelihood estimator 
(MLE), which minimizes the sum of squared errors (SSE). This quality metric is reported along with the 
Weibull parameters in the textbox under the legend. The integral of the fitted distribution function in 
the range above gate closing time (greater than 20 min to theoretic infinity) is calculated and reported 
as ‘estimated risk of missing flight’. This measurement extrapolates the observed distribution into the 
‘late’ region and constructs a rather theoretic but very sensitive metric. The estimated missing the 
flight risk will be used on the top level to compare the various scenarios. 

 

Figure 156: histogram of aircraft boarding times for the baseline scenario 

As Figure 156 shows actual data evaluated for the baseline scenario, we can observe a missed flight 
rate of zero whereas the risk of missing a flight is nonzero. The histogram exhibits a high passenger 
flow as the boarding starts, then slows around the five-minute mark as the queue gets stretched out 
and passengers in the back start moving. After eleven minutes the queue has disappeared and the 
passenger arrival rate at the gate defines the further histogram. The Weibull function evens out these 
variations, but provides a good fit, as approved by a KS-test.  

A.2.4 Scenario 1 – Aircraft Boarding Delayed due to Turnaround 
In the first scenario, we consider that passenger boarding is delayed due to disruptions during the 
turnaround processes. A process on critical turnaround path took longer than anticipated. This 
happens very late in the turnaround and/or communication to the ground staff and the announcement 
to the passengers does not consider the changed situation. As a result, the passengers are called for 
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boarding and move towards the gate, but boarding cannot begin. Such a disruption of turnaround 
processes can easily occur during cleaning, such as a spill of liquid, or a galley equipment failure, 
occupying personnel for a period of some minutes. According to Fricke and Schultz (2009), the 
expected duration of cleaning is 11 min while the extremes extend beyond 20 min. Thus, an 
unforeseeable delay in boarding in the order of 10 min is a realistic assumption and the delay 
parameter shall be varied between 5 and ca. 20 minutes. 

Figure 157, Figure 158, and Figure 159 show the effects of a ten-minute delay under the modelled 
queueing behaviour. Passengers gather at the gate and the queueing area overfills as boarding 
commences (depending on the gate layout). The entire gate starts congesting and (if it were a lower 
gate number) impeding passenger movement of other passengers within the terminal (compare Figure 
155). 

The important parameter for this kind of scenario is the amount of delay or the gate open time. As 
passengers moving to another gate need to cross the congested area in front of delayed boarding gate, 
the dependent variable is the arrival time of these passengers on their gate and the reduced walking 
speed due to congestion. 

 

Figure 157: delayed boarding begins with the last passengers arriving at gate ten 

 

Figure 158: the queueing area is still overload as boarding is ongoing 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

168 
 

 

 

Figure 159: reducing queue length as boarding is about to complete 

A.2.5 Scenario 2 – Limited Rate Aircraft Boarding 
For the second scenario, we consider that passenger boarding is slowed down due to problems during 
the boarding process. In practice, a large proportion of passengers carrying multiple pieces of hand 
luggage, seat re-assignments or equipment failure at the gate itself can be a cause of such disruptions. 
Hence, the boarding does progress, but significantly slower than usual, leading to a congested gate 
area similar to the first scenario. However, the queue is in continuous motion and decreasing in length.  

The central parameter for this scenario is the passengers boarding rate, and it can be concluded from 
literature that the range is about 4 to 12 s/PAX. The dependent variable is the arrival of other 
passengers at their gate, hypothesizing a delay in transit due to congestion. Next to a variation of the 
rate parameter, also a combination of delay and slow rate is investigated. 

 

Figure 160: passengers are still arriving at the congested gate as boarding starts 
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Figure 161: unchanged queue length at last passenger arrival 

 

Figure 162: the queue shortens at a slower rate when boarding is slow 

A.2.6 Scenario 3 – Last Minute Gate Change  
For scenario three, late changes in the assigned departure gate are considered. This can occur when a 
turnaround is delayed so much that the aircraft does not leave the stand in time for the next arrival. 
The arriving aircraft consequently gets re-assigned to another gate while the first passengers have 
already approached the original departure gate. The number of passengers having to change the gate 
depends on the exact timing of the announcement with regard to the planned boarding time of the 
re-assigned flight. 

Especially when announced at a late point of time, a considerable number of passengers already needs 
to proceed from the original to the alternative gate, travelling a s a crowd of people through the 
airport. This is a special case as all passenger travel individually or in small groups under normal 
conditions.  
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The important parameter for this scenario is the origin and destination gate, the timing of the 
announcement (the later, the greater the urgency to proceed to the departure gate). When changing 
the gate to a lower number, the gate-changers will travel in the opposite direction of normal 
passengers, which can lead to interesting interactions, as to be seen in Figure 163, Figure 164, and 
Figure 165 below. 

 

Figure 163: passengers change gate from gate ten to gate three 

 

Figure 164: the opposing passenger streams pass, forming lanes by self-organization 



D4.1 PASSENGER TERMINAL PROCESS SIMULATION MODULE 
  

 

 

 

171 
 

 

 

Figure 165: when starting to queue (in the other direction), the lanes break down again 


