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 From Figure 1 it can be noticed that the boarding and 
deboarding operations are currently in the critical path. 
Therefore in order to make the operations more 
profitable it is necessary to reduce the turnaround 
operations.  
The current paper presents a methodology that will be 
useful for improving the boarding process using a 
combination of coloured Petri nets with simulation. 
 
1.1. Review on Boarding Operations 
Different authors have put focus on ways to improve the 
boarding process. Most of them put their efforts in 
managing the seats and the schedule of the boarding 
process in the best possible way. Some of the initial 
efforts for testing the seat scheduling are the ones 
presented by Marelli, Mattocks, and Merry (1998). 
These authors simulated the allocation of seats by two 
different states (On-Off). Using this approach they 
analysed the results when the boarding is performed 
using a window, middle aisle (WILMA) scheme. Their 
conclusion is that the boarding time can be decreased 
compared to a random assignment boarding. That 
experiment was followed by defining a different one for 
the 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. 

Another relevant study is the one presented by Van 
Landeghem and Beuselinck (2002), through the use of 
EXCEL and ARENA they simulated some scenarios 
and conclusions were drawn from the discrete event 
approach focusing mainly on the boarding time.  

Other authors have put focus on policies that could 
help reduce the boarding time and they use different 
techniques to test their policies. One interesting 
example is the work done by Steffen (2008), in which 
he finds the optimal allocation of passengers using an 
approach that uses Markov Chains and Monte-Carlo 
Simulation. Furthermore Soolaki et al. (2012) present 
an approach that models the problem using linear 
programming and genetic algorithms. Finally, Steffen 
and Hotchkiss (2012) tested different configurations 
using a real-size fuselage of 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 different modelling techniques 
ranging from abstract models developed using linear 
programming to real-size sets that try to copy the real 
boarding situations. In the previous years the studies 
focused mainly on the boarding strategies while in 
recent years scientific community is paying more 
attention to the main drivers that are behind the 
processes that could reduce the boarding times. These 
drivers are inherent to human nature such as age, 
companions, family relationships, passengers with bags, 
disabilities, and even psychological conditions. For 
these reasons the researchers are investigating with 
scenarios that are as close as possible to a real situation. 
However real-size experiments cannot be performed 

anytime the researcher wants because they are 
expensive and it would result difficult to coordinate all 
the needed elements. This situation puts in evidence the 
need for the use of digital models that allow the 
researchers to integrate more characteristics that play a 
role in the process and result close to real situations. 
The paper will focus on a methodology that avoids 
using the traditional abstract approaches such as Monte 
Carlo simulation or linear programing. Instead, the 
approach goes one step further using coloured Petri nets 
(CPN) together with simulation for integrating in a 
straight forward way the characteristics that play an 
important role in the boarding process and at the same 
time allowing the modeller to integrate as much 
elements as needed. 

 
2. CPN-SIMULATION APPROACH 
In this paper CPN is used together with simulation for 
developing a methodological approach that allows 
modellers to cope with the inherent complexity present 
in systems whose performance depend on multiple 
factors. The advantage of using a modelling formalism 
with the simulation approach is that the different micro-
dynamics can be easily understood and the simulation 
model can be developed in a structured fashion. 
Different situations, such as the ones present when the 
passengers with bags must allocate them in the upper 
compartments of the cabin, or those that appear when 
the passengers already sit block the ones that need to sit 
in the same section, can be modelled in a structured way 
resulting in a more reliable and robust simulator. 

 
2.1. Coloured Petri Nets 
Coloured Petri Nets is a simple yet powerful modelling 
formalism that allows to properly modelling discrete-
event dynamic systems that present a concurrent, 
asynchronous and parallel behaviour (Moore and Gupta 
1996; Jensen 1997; Christensen, Jensen, Mailund, and 
Kristensen 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 (Jensen 1997): 
 

CPN  (,P,T , A, N ,C,G, E, I )        (1)     

where: 
 

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

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

 T =  {T1, T2, … , Tnt} represents the set of 
transition nodes, such that PT  , which 

normally are associated to activities in the real 
system. 
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SIT1 
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1’(Z,
D)1’(X,Y)

1’(R,100)

1’(Z,D)1’(X,100)

@t6[Z=2 or Z=0 or z=1 , Y=000 ]

The information related to the place nodes is 
presented in Table 2. 

 
Table 2: Definition of Place Nodes 

Place 
Colour 

Set 
Description 

S 
Product 

X*Y 

This place represents the 
information of the left block of 
seats of one row of the cabin. 

W Z, D 
This place holds information about 
the passengers standing up and 
waiting for the passenger to sit. 

P 
Product 
R*W 

This place holds the information 
of the passenger. 

 
The following figures present examples of the 

different transitions that compose the model. These 
transitions are grouped in the transitions that model the 
different sitting situations that a passenger can face 
when boarding a plane. The remaining interactions are 
modelled taking advantage of the characteristics of the 
simulation program once the replication of the modules 
has been performed. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3: Transition for Sitting 
 
Figure 3 illustrates the situation when a passenger 

has to sit at the window and the row of seats is empty. 
This situation is modelled by the value of the colour W 
for the passenger (W=100). In this example 100 means 
that the passenger seat is the one in the window and the 
other two are not his (using a binary coding). The value 
of the variable Y is 000 which represents that the row is 
empty and the value of the colour Z can be either 2, 1 or 
0. For this situation the result is the same, either no one 
is waiting for the passenger to sit or there are passengers 
that stood up for letting the passenger reach the window 
(Z=1 or Z=2) . In this example the corresponding time 
consumption can be associated to the value of the 
variable t6, but it would depend on the correspondent 
study and maybe on the characteristics of the passenger 
sitting. Once the passenger is sat, the new colour value 
for Y is assigned with the output arc to S (Y=100).    

Another example is presented in Figure 4, which 
represents the situation in which a passenger must sit at 
a window seat (W=100) and the middle seat is occupied 
by another passenger (Y=010) who was previously sat 
and must walk out to let the former reach his window 
seat. 

 

 
Figure 4: The Walking Out of a Passenger Seated in the 
Middle 

 
In this model a unit is added to the colour Z of the 

token in the waiting place node and the variable D turns 
to 1; in this way track is kept for the number of 
passengers waiting until the correspondent passenger is 
seated. Once this event takes place the correspondent 
person has left the middle seat (Y=000) and the 
corresponding time consumption is modelled by the 
value of t5. For the remaining transitions the authors 
encourage the reader to contact them but using the same 
logic the model can be developed. 

Using the CPN approach it is possible to identify 
clearly the cause-effect relationships that sometimes 
hinder the smooth flow of passengers inside the cabin 
during the boarding or deboarding process. Moreover 
the colours can also be used to model characteristics 
such as age, size, number of bags, disabilities etc. and 
those characteristics can be used to simulate in a more 
accurate way the micro-processes that generate 
emergent dynamics once the people is interacting with 
each other. 

 
4. IMPLEMENTATION OF THE CPN MODEL 
The CPN models can be integrated with the software 
tool making a mapping or implementing some logic 
such as the one presented by Mujica and Piera (2011). 
In this example the micro-simulation of the interaction 
present in the system is implemented following the 
methodology previously presented. Since the software 
uses an object-oriented modelling paradigm the 
simulation of the complete cabin is performed 
efficiently. As it has been mentioned, firstly, the 
different transitions of the CPN model are used to 
develop the modular object that represents a row inside 
the cabin. Secondly, advantage is taken from the use of 
a modular approach when the different rows of the 
cabin are put together in order to make a complete 
model for the cabin that takes into account not only the 
micro-interaction between passengers but also the 
interaction that occurs at higher levels e.g. aisle 
blocking, speed reduction duo to the passengers, etc. 

Figure 5 illustrates the elements used in the module 
that simulates the interaction of people at seat-level. 
The methodology proposed by Mujica and Piera (2011) 
is used to implement the different transitions that occur 
during the seating process. The transitions implemented 
in the model are evaluated using the Separator objects 

W

SIT1
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called SIMIO to evaluate the emergent dynamics once 
the elements that participate in the boarding process are 
put together. The advantage of using this approach is 
that using the CPN formalism, the cause-effect 
relationships are revealed and modelled in a 
straightforward way, so that is very easy to integrate 
them in the digital model when developing the 
commercial simulator. Using this approach it would be 
possible to take these kinds of simulations one step 
further for analysing and optimizing processes where 
the interaction of small elements becomes important for 
the optimisation of the whole procedure. 
 The model presented here only uses the most basic 
micro-interactions such as passenger blocking, 
passenger standing up, speed of passengers however 
future implementations will take into account particular 
characteristics of the passengers such as carried 
luggage, aptitude for boarding, familiar relationships 
among others and those will be easily implemented 
using the CPN-Simulation approach. 
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