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ABSTRACT 

The boarding process of an aircraft is part of the critical path in the turnaround process of an aircraft. The 
present article presents a simulator based on a methodology that uses coloured Petri Nets with discrete 
event systems. The combined approach allows to efficiently model the casual relationships that participate 
in the boarding process and with the properties of the discrete event approach it is possible to evaluate the 
emergent dynamics which play an important role in the performance of the boarding process of an 
aircraft. The coloured Petri net approach allows to model in detail what are the main micro causal 
relationships that hinder the smooth boarding process. Once the causal relationships are modelled with the 
modelling formalism they are implemented in a module of a discrete event simulator which in turn will 
become the building blocks for a more complex object such as the cabin of an aircraft. The combination 
of both techniques reinforce mutually in such a way that the final simulator is very efficient for analysing 
and understanding the dynamics that govern the performance of the boarding process.  

1 INTRODUCTION 

The turnaround time (TAT) of an aircraft is the temporary space between consecutive flights when 
the aircraft is in the airport. Depending on the type of company, the time and space available, the 
turnaround will be more or less long (Basargan, 2004). 

In addition, the business model plays an important role since the stop over takes a different length of 
time as the operations vary from one business model to business model for example the TAT of a Low 
Cost Carrier (LCC) is much smaller than the one for the Full Service Carrier (FSC). For this reason it is 
very difficult to homogenize the times of all the ground handling processes when the aircraft has already 
arrived at the airport. 

The steps followed by a typical stopover of an aircraft are: 
 
 Prior preparation for boarding: the passengers are organized and all their hand luggage and 

documentation is checked. 
 The plane arrives at the parking stand. 
 Block-In is performed. This step consists of putting chokes at the landing gear so the aircraft 

remains static during all the process. 
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aisle (WILMA) scheme; for this case a boarding time can be decreased compared to a random assignment 
boarding. Further methods have been defined and tested such as the one known as WILMA BLOCK 
which uses the same approach but enhanced with separating the boarding in blocks, first the ones at the 
back, then the ones in the middle and then those in the front. 

In the study presented by Van Landeghem and Beuselinck (2002) they shown that the fastest boarding 
method is a random one using as parameters for allocation the row and seat of the passengers; on the 
other hand Steffen (2008) claims that he finds the optimal allocation of the passengers using Markov 
Chains and Monte Carlo Simulation. In recent approaches different techniques have been used to improve 
the allocation of passengers such as the work presented by Soolaki et al. (2012) where the authors present 
an approach using linear programming and genetic algorithms. Again Steffen and Hotchkiss (2012) tested 
different configurations in a Boeing 757 for improving the use of the aisle to reduce the boarding time. 

The review performed reveals that most of the studies have used simulation focusing mainly in the 
boarding strategy, and recently scientific community is taking into account other individual factors that 
have an influence in the boarding speed such as age, companions, family relationships, passengers 
travellers with bags, disabilities etc. From the review performed it is clear that in order to improve the 
boarding/deboarding processes it is necessary either to perform real-time experiments or use digital 
models that allow integrating more characteristics that play a role in the process and not only the 
sequence or policies of boarding. The current methodology presents a Coloured Petri net (CPN) approach 
together with DES software that allows integrating the characteristics that play a role in the boarding 
process and also the stochasticity inherent in the process such as speed of passengers, number of bags, 
and even age. 

2 CPN-SIMULATION APPROACH 

In this paper,  DES simulation is integrated with CPN for a more robust approach. The advantage of using 
a modelling formalism with the simulation model with a DES software is that the modeller can first 
develop the causal relationships with the CPN approach and then they can be used for governing the 
behaviour of the DES model. The result is a high-detailed simulator that can be extended with more 
characteristics than the one that can be achieved using either CPN or DES alone.  

2.1 Coloured Petri Nets 

Coloured Petri Nets is a simple yet powerful modelling formalism which allows to properly modelling 
discrete-event dynamic systems which present a concurrent, asynchronous and parallel behaviour (Moore 
et al. 1996, Jensen 1997, Christensen et al. 2001). CPN can be graphically represented as a bipartite graph 
which is composed of two types of nodes: the place nodes and the transition nodes. The entities that flow 
in the model are known as tokens and they have attributes known as colours.  

The formal definition is as follows (Jensen1997): 

        ( , , , , , , , , )CPN P T A N C G E I           
Where 

 ∑ = { C1, C2, … , Cnc} represent the finite and not-empty set of colours. They allow the attribute 
specification of each modelled entity. 

 P  = { P1, P2, … , Pnp} represent the finite set of place nodes. 

 T =  { T1, T2, … , Tnt} represent the set of transition nodes such that P  T =   which normally 
are associated to activities in the real system. 

 A =  { A1, A2, … , Ana} represent the directed arc set, which relate transition and place nodes such 
as A P  T  T P 

 N = It is the node function  N(Ai), which is associated to the input and output arcs. If one is a 
place node then the other must be a transition node and vice versa. 



 C = is the colour set functions, C(Pi), which specify for the combination of colours for each place 
node such as C: P ∑. 

( )i jC P C
                     

,i jP P C 
 

 G = Guard function, it is associated to transition nodes, G(Ti), G: TEXPR. It is normally used to inhibit 
the event associated with the transition upon the attribute values of the processed entities.  

 E = these are the arc expressions E(Ai) such as E: AEXPR. For the input arcs they specify the 
quantity and type of entities that can be selected among the ones present in the place node in 
order to enable the transition. When it is dealing with an output place, they specify the values of 
the output tokens for the state generated when transition fires. 

 I = Initialization function I(Pi), it allows the value specification for the initial entities in the place 
nodes at the beginning of the simulation. It is the initial state of a particular scenario. 

 EXPR denotes logic expressions provided by any inscription language (logic, functional, etc.) 
 The state of every CPN model is also called the marking which is composed by the expressions 

associated to each place p and they must be closed expressions i.e. they cannot have any free 
variables. 

3 THE CPN-DES APPROACH  

A discrete-event system (DES) model has been developed in which the micro-operations such as 
identifying a person in the seat, moving forward-backward to let the other passengers reach their seats 
among different attributes for the type of passenger that board the aircraft are based on the CPN 
modelling formalism. The advantage of developing a model that uses DES with CPN is that the causal 
relationships are formalized using the CPN approach and they can be verified testing different behaviour 
properties of the formalism such as boundedness, liveness (deadlock analysis) among others. These 
properties allows to verify that the conceptual model of the future simulators are well constructed and 
when they are implemented in the DES software the resulting simulator is a more robust one that needs 
less maintenance if the analyst wants to extend it with more characteristics.  The first integration of the 
CPN models in a DES tool has been presented by the author in (Mujica and Piera 2011). Following the 
same methodology, the simulator of a cabin has been developed using  CPN with a DES software that 
allows to develop modules whose underlying behaviour is ruled by the CPN models. 

The CPN model is composed by 16 transitions and 3 place nodes. These transitions are the ones that 
model the different events performed at one row of the cabin. The formal definition of colours is 
presented in Table 1. 

Table 1. Colour definition and description 

COLOUR DEFINITION DESCRIPTION 
X Integer It is the row number of the seat block 
Y {000,001,010,100,011,101,111} It describes the seats occupied by the passengers. 000 

means no passenger seated, 001 represents one passenger 
sit in the position closest to the aisle, 010 is used for 
representing a passenger sit in the middle and 100 
represents a passenger sit in the window. 

Z Integer It represents the amount of people waiting in the aisle for 
the passenger to sit. 

R Integer  It represents the row where the passenger is supposed to 
be sit. 

W {001,010,100} It represents the seat location of the passenger. It is similar 
to Y 

D {0,1} It represents if the waiting person is seated in the middle 
(0 for either window or aisle and 1 for middle) and it is 
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5.1 Results 

The developed model has been implemented for an aircraft of 138 passengers in which the parameters of 
the previous table have been implemented. It has been tested to verify that the results are similar to the 
one reported in literature and also to verify the potential of the simulator for evaluating other interactions 
between the passengers.  

After running 20 replications of the model using three configurations we could assess the values for 
the boarding time using this approach. 

Table 4. Results of the test model 

Configuration Output Average  Minimum Maximum 
Random 
Pax Speed (0.5-1) m/s 

Total Boarding 
Time 

10.00 mins 9.86 mins 10.25 mins 

Random 
Pax Speed (0.3-0.7) m/s 

Total Boarding 
Time 

10.76 mins 10.59 mins 10.95 mins 

Pax Speed (1-1.4) m/s Total Boarding 
Time 

9.61 mins 9.43 mins 9.77 mins 

 

6 CONCLUSION 

A methodology for developing simulators based on the modular approach of CPN-DES models for 
the boarding of a cabin has been presented. The cause-effect relationships due to particular interactions of 
the passengers are modelled using the coloured Petri net formalism, afterwards the CPN models are 
integrated in a DES module software to evaluate the emergent dynamics and the impact of the 
stochasticity of the system.  Using this methodology it is possible to evaluate the interactions based on  
CPN models that can be integrated with DES simulators for the developing of simulators of high detail. 
The approach allows to efficiently develop simulators since CPN formalism has some analytical tools that 
allows to assess the correct behaviour of the CPN model that later on will be integrated with the DES 
software. The use of the DES software allows not only assessing the boarding performance depending on 
the boarding policy but also analysing the impact of  stochasticity and the emergent dynamics which 
could not be possible to achieve using CPN or DES alone. In the paper, the example of an A320-200 
cabin has been presented in order to illustrate the implementation using this approach. As a future work 
different boarding policies will be tested with the simulator so that we can evaluate if the stochasticity and 
emergent dynamics play an important role in the boarding time of an aircraft which is an important 
process in the turnaround time. 
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