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Terminology

This chapter provides an overview of the terminology which is used throughout the report. The
de�nitions provided here are made based on the use for this speci�c project.

Term De�nition
Democratizing Making the tools for Mobilities Design more available and easy to use for

people without technical programming knowledge.
Simulation An arti�cial representation of problems or events used to mimic the real life

counter part.
Affordance The possibilities offered by everything with which you can interact.
Feed-Forward A signal that implies the affordances of anything interactable.
Signi�er A form of sign that explains the affordances of anything interactable.
AI Arti�cial Intelligence. The simulation of intelligence, generated by computer

systems.
User A person either currently using or intended to use the application.
Agents Any actor or entity that interacts with the environment. For this speci�c

project it is mostly referring to computer generated silhouettes, roughly mim-
icking human shape, with simulated behaviour for traversing the metro.

Entity The single independent existence of a thing apart from other things.
Spawn The act of instantiating or placing new objects into the virtual environment.
VR Virtual Reality. A computer generated simulation of a three dimensional

space or environment, within which a person can interact by using special
electronic equipment, such as an HMD and a pair of controllers.

VE Virtual Environment. A computer generated three dimensional model rep-
resenting a realistic or stylized environment in which a user can interact, for
example by using VR.

HMD Head Mounted Display. A monitor that can be worn on the head, showing
the virtual environment from a real life perspective through a pair of goggles.
Often referred to as VR headset.

Oculus Quest 2 A speci�c brand of VR headset. Used in this project as the preferred model
for evaluation.

Immersion The sensation of tricking the senses to believing that you are in another place
by providing visual-, auditory- and haptic feedback.

Presence The sense of feeling that you are part of an arti�cial world by being engaged
in the world or the narrative.

Cybersickness A feeling of nausea, dizziness or the likes, caused by the mismatch between
the feeling of movement in the VE while staying still in real life.

Haptic A simulated sensation of touch in a virtual world provided to the user
through forces such as vibrations or motion.

Avatar Virtual character representing the user in the VE and in our case, controlled
by the user.

vi



Terminology vii

Term De�nition
Iteration A repetition of a process done in order to further evolve or build upon the

original design.
Prototype A proof of concept, or early example of an idea used to explain or showcase

the concept of a larger project.
Metroselskabet A Danish company in charge of running the metro stations in Denmark, and

collaborators on this project.
Experts Users with better prerequisites for judging the prototype, based on personal

experience within the given �eld. For this project, the experts was mainly
gathered from Metroselskabet, as they knew how the metro stations function.

Concourse Level The name of the upper level inside Nørreport metro station.
Platform Level The name of the lower level where the trains arrive inside Nørreport metro

station.
Diegetic Existing or occurring within the simulation, and abiding to the laws of the

simulated world or environment.
UI/GUI User Interface/Graphic User Interface. A form of control panel with which a

user can interact from within the simulation.
Logging data The storing of different kinds of data during the simulation, such as agent

position, ID, etc..
Collider An invisible �eld surrounding objects in the virtual environment that enables

collision detection.
Trigger A collider that objects can pass through, which is capable of executing code

as another collider enters or exits its perimeter.
Locomotion Refers to the speci�c method of user movement within the simulation.
Raycasting The visual representation of a 3D vector in virtual space from point of origin

(the user's hand in the VE) to point of collision. Used in this project for
selecting and placing validators and for aiming where to teleport.

Teleportation A type of locomotion. The act of moving instantaneous from one place to
another.

Steering A type of locomotion. The act of moving continuously through a space at a
constant pace.

BT Behavior Trees. A form of AI based on nodes which are arranged in a tree
like structure.

Zones Areas of interest scattered across the traversable space, used by the agents as
target locations when navigating, and for logging of data.

Utility Function A mathematical function, in which the "usefulness" of an item or action can be
scored, and the resulting utility score can be used to decide between multiple
options. The concept comes from Utility Theory.

Navigation A form of simulated behavior used by agents to traverse around the VE.
Baking The process of saving data related to a 3D model into a texture �le. Used in

this project for generating lighting and the NavMesh.
NavMesh A computer generated traversable area used by the agents for navigation.
Validators Check in-/check out stands used by passengers carrying a "rejsekort".
Rejsekort A card containing credit, used by passengers to gain permission for riding

the trains.



Abstract

The term mobilities design is broadly used throughout the design industry as a way of streamlin-
ing the �ow of people traversing through urban areas. In this digital age, many of the tools used
in the work�ow of urban designers, to visualize the potential effects of different design choices
are already well established, with tools such as Legion or PTV Viswalk. However, as the concept
of virtual reality is still gaining popularity and is �nding its way into many different industries,
an opportunity was seen in trying to incorporate the many qualities of virtual reality into the
design process of urban designers. Virtual reality allows for a real-life perspective which cannot
be gained on a normal 2D monitor. Furthermore, having the agents react to changes in real-time,
removes the chore of having to restart the simulation every time a change in the setup of the
simulation is made. Instead, the effects of changes to the virtual environment are immediately
shown inside the simulation.
This project takes its point of origin in how virtual reality can support designers in visualizing
the �ow of a crowd traversing through an urban area. As a speci�c use-case, a collaboration was
formed with Metroselskabet in Copenhagen, Denmark, with the speci�c task of visualizing the
effect from rearranging the validators at Nørreport metro station.
This project consists of three main elements which make up the �nal prototype. First is crowd
simulation, utilizing Unity's NavMesh system for path�nding, and behavior trees for scripting the
agent behavior. Secondly, interaction is used in order to allow users to navigate and interact in
the prototype. Finally, a virtual environment is created to bind it all together.
The prototype was evaluated using an expert heuristic evaluation along with Cybersickness and
presence questionnaires. The participants in this evaluation, were four experts from Metroselska-
bet and one virtual reality expert from Aalborg University. The results show that although some
interactive problems remain to be corrected, the prototype can be considered a suf�cient and valid
tool for performing design tasks in the given virtual environment. During the evaluation, some
experts at Metroselskabet found agents in the environment to be disruptive and distracting, and
noted discomfort from being surrounded by virtual crowds. They also reported high levels of
induced Cybersickness when evaluating the prototype with steering locomotion, but were very
comfortable with teleportation. They also felt the �delity of the graphical elements of virtual
environment were suf�ciently representative of its counterpart in the real world.

1



Chapter 1

Introduction to the Problem Space

In the grand design of urban society, there is a �eld of research called mobilities design, which
is there to help study what elements are considered when designing urban areas that naturally
guide people to traverse smoothly through their daily life. The study of mobilities design is sig-
ni�cant as it in�uences many parts of society, from smaller use-cases such as the �ow of people
through a space and daily transportation, to large-scale movements of capital and information
across the world. In the ever-growing society that we live in, where cities, and especially pop-
ulations are growing day by day, it becomes even more important to abide by the principles of
mobilities design in the work�ow of urban designers [22, 26, 30, 32].
One of the challenges designers are facing when incorporating mobilities design, is managing
crowd �ow. When designing a public area, it can be hard to guess how it will be traversed in the
end, as peoples behavior is hard to predict, and many different factors such as culture or gender,
can have a big impact. In the digital age we currently live in, it is no surprise that designers have
tried to alleviate this problem using digital aides. These aides are often in the form of computer
simulations such as Legion, PTV Vissim or PTV Viswalk, which are described in section 1.4. In
short, these aides are used to simulate crowds or traf�c, with the purpose of visualising the �ow of
people traversing the space. However, at the time of this project, no aides have yet been observed
which can manage to deliver a real-time Virtual Reality(VR) simulation in which the designer can
modify the environment, and see immediate results.

As such, the main focus of this project will be to develop a proof of concept of such a tool,
using crowd simulation centered in mobilities design to help designers visualize crowd �ow in
real-time. The application will make use of VR in order to immerse the designer in a Virtual
Environment(VE) in which the simulation can be spectated from a real-life perspective.
A speci�c use case was decided upon for the creation of a prototype, in collaboration with Met-
roselskabet(MS). They are in charge of running the metro stations of Copenhagen, Denmark.
Through multiple meetings and discussions about the challenges occurring in the metro, the prob-
lem statement was formulated as follows:

"How in-situ VR crowd simulations can support designers in visualizing the �ow of a crowd when
rearranging the validators of the Nørreport Metro Station in a VE"

This problem statement meant that the solution could be tested on the basis of a real location,
Nørreport Metro Station in Copenhagen, and with a real design problem in mind, the placement
of validators. This was stated as a current problem from the people at MS because it was affecting
the �ow of passengers, and where a bad design could result in congestion, meaning that it was a
relevant target for the project.

2



1.1. Initial Requirements 3

1.1 Initial Requirements

Having a particular use-case, makes the grand and abstract idea more trackable, and so the pro-
totype described throughout this report, was designed with �ve requirement speci�cations in
mind:

• The application should simulate a crowd of pedestrians moving through Nørreport Metro
Station.

• The user should be able to experience the application in VR.

• The simulated pedestrians should interact with validators (both check-in and check-out).

• The user should be able to place, move, and remove validators in the VE.

• As requested from MS, they, as user, should be able to extract data from the simulation. This
data should afford the visualization of crowd �ow.

These requirements were made to guide the design through an iterative process towards the
�nal iteration which can be seen in �gure 1.1.

Figure 1.1: Main elements of the application. "A": the validators. "B": the crowd simulation. "C": the VE.

The main elements of the prototype will be presented and discussed throughout this report.
However, a short overview will be provided here in order to present the main topics and chal-
lenges of the project.

1.2 Main Elements of the Final Prototype

In order to understand the main components of the �nal prototype covered by this project, we
divide the components into three main components, some of which have sub-components them-
selves.



1.2. Main Elements of the Final Prototype 4

1.2.1 The "Crowd Simulation"

First of all the prototype uses crowd simulationto simulate the �ow of passengers in the metro
station. These simulated passengers will so forth be referred to as agents and are represented
as the gray box silhouettes (see �gure 1.1.B). The crowd simulation consists of the following two
sub-elements:

• The �rst being Unity's NavMesh system , which is the main component for handling the
path�nding and steering of the agents. This means that it will create the area which can be
traversed by the agents while also making sure that the agents will not bump into obstacles
or each other.

• For the second sub-element, an arti�cial intelligence(AI) model known as behavior trees(BT)
was used to simulate the behaviour and program the actions afforded to the agents in the
metro station. This can be behaviour that affords interacting with the VE, e.g. using the
validators, escalators, elevators, and boarding or unboarding the trains.

1.2.2 The Interaction

Another main element of the prototype is the interaction part. The interaction is what allows a
person or designer to use the prototype, in our case, by creating a virtual representation of that
person through the use of VR. The person using the prototype will so forth be referred to as the
user. VR can afford them to be present inside the simulation, where they will be able to move
around and perform speci�c design tasks tailored to the chosen scenario. A sub-element of the
interaction element is locomotion . This is what allows the user to traverse the environment, with
teleportation chosen as the preferred type of locomotion used for this prototype. This affords the
user to teleport to any visible area which is marked as traversable.

In the current version of the application, the user can create, delete, move or rotate validators,
as well as log data from the agents to an external CSV �le for further analysis. All these actions
are presented through a holographic wristwatch menu as seen in �gure 1.2, which acts as the
diegetic GUI to avoid breaking immersion.

Figure 1.2: Embodied diegetic GUI for the user to interact with the application.
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1.2.3 The Virtual Environment

For the crowd simulation and the interaction to work, the prototype contains a 3D model repre-
sentation of Nørreport Metro Station, which acts as the VE in which the simulation takes place
(see �gure 1.1.C). This VE was modelled after the blueprints of the real Nørreport Metro Station,
as well as multiple reference photos taken from the actual location. The VE is relevant as it pro-
vides the user with a real scale environment, seen from a �rst person point of view, allowing for
a more realistic experience, as well as providing better conditions for performing design tasks.

1.3 Addressing the Multidisciplinary Aspect of this Project

This section presents research from different �elds that contributed to the development of the ap-
plication. In short, some of these elements are related to each other, and through this project, we
attempted to merge them together as a proof of concept for using VR for aiding mobilities design.

Summarizing, the research �elds described below served as building blocks for the main ele-
ments previously mentioned in section 1.2. They are presented in the following manner:

• AI and Simulations contributed so that the user could experience the crowd and liveliness
of the environment for which they are designing. In the case of Nørreport Metro Station, we
see this application as an opportunity to "rent" out the whole metro station as a simulated
VE; its entrances, elevators, trains, and connection to the main train station without having
to disrupt the commuters daily usage of this space. AI allows this project to simulate the
crowd, so that the user can see how their design changes of positioning validators, affect the
crowd �ow in real-time.

• VR affords the user to feel present in a virtual environment that can feel more natural to
those presented in a 2D screen. State of the art that affords crowd �ow simulations, by the
time this project took place, did not afford the user immersing themselves in an environment
that is to-scale (1:1), and require the designer to go through a steep learning curve to use
their solutions, as explained in section 1.4.

• Mobilities and immobilities design provide a theoretical need for the inclusion of new
technologies into the design processes. Mobilities design encompasses culture in the way
the urban spaces are designed. Technological changes being a part of culture are necessary
to keep mobilities design techniques relevant.

These elements make the application multidisciplinary in nature, based on the requirements
mentioned in section 1.1. Simulating a crowd moving through a VE requires AI to be responsive
to the environment; the validators are a part of the environment, and the crowd interacting with
the validators can cause clusters of people, which could have a dampening effect on the �ow. De-
signing the distribution in space, and placing these validators, fall into the category of mobilities
(and immobilities) design.

In this project we use Computer Graphics Imagery (CGI) in order to create a realistic as possible
representation of reality from a visual stand point while keeping performance under considera-
tion. Similarly, we use Interaction principles to make for a meaningful experience for the user,
such as locomotion methods used in VR.

Detailed information on the theory and authors that shaped the research of Mobilities design,
AI, simulations, and VR can be found in appendix A.
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1.4 State of the Art

The State of the Art for crowd �ow simulations by the time this project took place, had not been
explored in VR. However, there were several different models used in the urban design, as well
as the development & construction industry. Some of those existing tools are Legion, PTV Vissim,
and PTV Viswalk, which are described in Appendix A under section A.5.

In short, these state of the art applications provide very thorough and detailed solutions for
visualizing �ow. However, while they might be detailed, they also have a steep learning curve, as
they include many different features which can result in an overcrowded and unmanageable UI.
Furthermore, some of these applications are better suited for big scale simulations, meaning that
for something like the traf�c in a metro station, the data would be less viable.

Another thing to note, is that these applications do not provide any real-time feedback, which
means that the user would have to restart the simulation every time they want to make an ad-
justment. Furthermore, adding VR to the solution could give the users the opportunity to see the
results from a real world perspective, which might provide the urban designers with a new point
of view.



Chapter 2

Design

This chapter presents the process and considerations for the �nal iteration of the application.
With a clear use-case, and a set of requirements that served as guidelines for the research, this
application was designed as a proof of concept for the use of VR in the process of designing
mobilities design. In order to aid the design and implementation process, a high level abstraction
of the application was created as shown in �gure 2.1. For details on how the previous iterations
of this application were designed and tested, please refer to appendix B.

Figure 2.1: High level abstraction of the system, to help the design and development process

A quick overview of �gure 2.1 can be interpreted as follows:

• The agents spawner creates exit and enter agents in the VE from every entrance of the metro

7
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station. The spawner uses data provided by MS to populate the VE from the entrances that
are the most frequented in the peak hours of the metro station. The distribution function for
spawning agents is presented in section 3.4.

• Enter and exit agent behaviours were modelled using BTs, enabling them to act quickly to
changes in the VE. An example of this, could be that when the trains are arriving to the
platform, agents would hurry to catch it.

• Enter and exit agents use Unity's NavMesh system to navigate the VE.

• The AI retrives information from the environment, and provides the agents with that infor-
mation, so that they can interact with the VE.

• The environment contains and processes all sub-systems of the simulated metro station.
Examples of these sub-systems can be, the arrival of the trains and its relationship with the
doors opening and closing when the train leaves. This information is retrieved by the AI
module in order to tell the agents when they can board the trains (agent's can only board
the train when the doors are open).

• The VR experience module affords the user an interface to exist in the VE, as an embodiment
of self through the player avatar. The UI sub-module allows the user to extend the range
of affordances they are capable of in the VE. Finally, locomotion allows them to traverse the
VE.

2.1 Designing the Final Prototype

This section presents the considerations and process for designing the �nal iteration of the appli-
cation. During a �eld trip to MS, an early version of the application was presented to the experts.
Additionally, a tour of the station was provided by MS to observe passenger behaviour that could
be modelled in the simulation.

2.1.1 From the Field Trip

As the experts at MS tried the early version of the application for the �rst time, they provided
us with feedback that served as opportunities to enhance the user experience and realism of the
simulation. Some of the most important elements to mention are listed in section 2.2.

The functionality of this early version contained steering-based locomotion, agents traversing
the environment, as well as boarding and leaving the train, and agents were visualized as capsules
for simplicity. Emphasis was put on the behavior of the agents, as the experts showed interest in
this topic in particular, and could provide valuable inside knowledge of some typical behavior that
they would like to see in the prototype. This was behavior such as places people tend to gather,
leaning up against escalators and walls, people traveling in groups and the use of the elevator.

On Location Observations

During the tour of the station, it was observed that Nørreport Metro Station is not just packed
during rush hour, but with a varying �ow of people arriving steadily from the surface, and addi-
tionally with trains every 2.5-5 minutes. This means that train arrivals result in bursts of people
needing to navigate what becomes a cramped space. This is extra chaotic when trains arrive on
both platforms at roughly the same time. Furthermore, the in�ux of passengers that are boarding
the trains is more stable, with occasional waves of people coming in from the larger Nørreport
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Station which is connected to the metro through a tunnel.

Especially the large groupings are a concern, as many people tend to wait at the �rst door they
come across to wait to board the metro. This is especially true for the doors closest to the pas-
sageway that connects the metro station with the rest of Nørreport Station, where passengers can
connect and transfer with S-trains, regional trains, and long-distance trains. In order to circum-
vent this issue, only one out of the four escalators, connecting the lower platform level with the
upper concourse level, have been directed downwards. This helps to guide passengers, coming
in from the street, to move towards the far end of the metro, and thereby taking more advantage
of the space. This also helps to quickly move passengers out of the metro, since there are three
escalators moving upwards, which especially is a great help at times when the two trains arrive
simultaneously.

In addition to gathering information, time was also spend on taking pictures and videos of
the metro in order to document all the visual details, such that the virtual environment could be
updated to look as closely as possible to the real environment. These pictures were matched to the
areas in the blueprints provided by MS. The concourse level blueprints, matched with the pictures
taken from the �eld trip is shown in �gure 2.7.

2.2 MoSCoW - Requirement Speci�cation

With all the new information from the trip fresh in memory, it was decided to make use of the
MoSCoW method in order to design the features to implement in the application. This was to sort
out the priorities for all the features which had been discussed, in relation to the remaining time
period for the project.

2.2.1 Must Have

As such, it was decided that the prototype must have:

• Teleportation locomotion.

• Updated Zones that match feedback from MS.

• Chance for validators to fail.

• Validator sounds.

• Elevator usage.

• Passengers in a rush if the train is arriving/leaving and they are relatively close.

Locomotion

The prototype showcased to MS during this trip used steering locomotion. Here, it was discovered
that this speci�c type of locomotion turned out to cause nausea for the testers involved. Based
on thorough research and considerations of locomotion in VR, as explained in section 3.1, it was
ultimately decided to change to a teleportation movement system instead.
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Zones

According to the feedback from the showcasing in Copenhagen, and the observations from the
�eld trip, the waiting zones for the agents also needed an update. The observations showed that
passengers tend to accumulate along the escalators and walls, instead of taking advantage of the
open areas. This behavior is due to the fact that people like to lean against railings and walls to
conserve energy, without thinking about the consequences of blocking up passage ways, accord-
ing to the stewards at the metro. This lead to the decision of updating the current zones in the
prototype.

Validators

The decision of adding a chance for the validators to fail came in relation to the decision of adding
sound effects to the prototype. The additional modality of sound would further improve the feel-
ing of immersion for the users, while also making the behavior of the agents more identi�able.
These sounds would help indicate the state of actions performed by agents without having to use
animations. It was thereby decided that since sound effects would be added to the validators, they
would also have to have a chance of failing, as this also is a common occurrence at the metro.

Elevators

During the tour through the metro at rush hour, it was discovered that the elevators play a big
part in the �ow of the passengers, as they are not only used by disabled or people with strollers,
but where observed to be constantly at full capacity. Even outside of rush hour, some people
proffered to use the elevator out of convenience, which led to the decision that they had to be part
of the prototype.

It is important to note that due to time constraints, and the dif�culty of the task, this was not
accomplished.

Agents' Speed and Variety

Lastly, it was agreed upon to add a variation to the speed parameter, such that not all agents
would be moving at the same speed. This was in order to mimic the passengers who are in a
rush, and have to run in order to get on the train in time, which also was observed multiple times
at the metro.

2.2.2 Should Have

Moving on, these requirements are the ones which were decided to be a should have:

• A way to visualize the data, f.x. heat maps of congestion.

• Enable extraction of data regarding average time spent in the metro for each agent, from
spawn to despawn.

• Different types of agent's pro�les to represent different types of passengers, f.x. young
passenger could have a faster walking/running speed than passengers of advanced age.
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• "Pro" passengers, which would represent the passengers who take no time to use the valida-
tors.

• Metro ambience, to make the simulation closer to reality.

• Train sounds.

Extraction of Data

On request from the experts at MS, data extraction from the simulation was needed in order to
analyse the large scale crowd �ow, since the user could only be in one place at a time when expe-
riencing the simulation from a �rst person perspective. They proposed extracting data that could
yield heat maps, showing the congested areas, as well as some statistical data regarding the time
agents spent traversing the VE from spawn to despawn. Heatmaps can be a great way to visualize
how the outcome of the validators affected the area in the metro, and how the validators may be
used to direct people around in the metro. Moreover, having some sort of statistical output, such
as an average time spend in the metro for the agents, should prove valuable to have, as it may
show how effective the validator set up might be in comparison to other setups, which is why
these was chosen as a should have.

Different Types of Passengers

The different types of passengers were considered according to the information provided by MS,
who informed us about the multiple types of tickets and access cards, which should have an effect
on the �ow of the passengers. This, along with the fact that it may be relatively easy to imple-
ment, let this feature be a should have. Furthermore, in relation to different types of passengers,
the "pro" passengers were also considered. These should resemble passengers who might be able
to use the validators without any delay time.

Sound

In the end, the ambience of the metro, as well as the sound of the trains, should be of great value
for immersing the user in the experience, as well as adding an extra layer of realism to the simu-
lation.

2.2.3 Could Have

These are the requirements chosen as a could have:

• Humanoid agents, to update the visuals of agents from being capsules, to being something
more human-like as shown in �gure 2.2. This serves as a partial implementation to what
would be an iterative process of making the agents more human-like. An example of this
would be adding walking animations.

• Escalator customs, f.x. holding to the right and walking on the left side of the escalators.

• Authority agents, to represent the stewards working at the platform level that indicate people
to move along.

• Passenger groups, to simulate families or group of friends travelling together who have a
different behaviour than isolated agents.
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Figure 2.2: Humanizing the agents, while considering the polygon count for performance

• More realistic movement, f.x. not walking so close to the walls all the time, and not always
walking on a straight line.

The requirements listed above were all things that could have potentially heightened realism
of the simulation. With the exception of the humanoid agents, these were considered to have an
impact on the crowd �ow. However, considering the time frame, it was ultimately decided that
these were all things that might require a more thorough and time consuming implementation,
while simultaneously not adding the most value in comparison to the previously mentioned re-
quirements.

2.2.4 Will-Not Have

Lastly, these were the requirements that was ultimately decided not to be part of the scope of this
speci�c project:

• Tourists.

• Leaning against surfaces.

• Announcements over the speakers.

2.2.5 Tourists

Tourists were believed, by the stewards, to be one of the biggest challenges in the metro, as they
had no knowledge about danish customs, and so would often go against regulations, or in other
ways accidentally hinder the crowd �ow in the metro. However, the challenge of implementing
such behavior was still considered to be too high of a risk, and was therefore saved for potential
future work in the project.
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2.2.6 Leaning against Surfaces and Announcements

Leaning against surfaces, as well as announcements over the speaker, were also saved for future
work, as it was believed that the gain of implementing these was too minuscule to be worth the
effort and time when comparing to other features of higher priority.

2.3 Designing Unpredictable but Rational Agents

This section presents the process to transition from the MoSCoW model and the requirement
speci�cation to the actual design of the agents. Some of the most important traits of the agents,
such as the use of validators and the need for queuing when a validator is occupied are discussed.

2.3.1 Usage of Validators and Queuing

In earlier iterations, agents entering the station would traverse to the platform, navigate to a ran-
dom zone, wait for a train to arrive, then attempt to enter the train in time. Agents exiting were
even simpler, traversing directly towards a random exit. There were plenty of details to be re�ned
here, many of them connecting to giving the agents a heightened sense of individuality and vari-
ability.

First and foremost was the usage of validators. A majority of agents must seek out a validator
before boarding a metro wagon or exiting the station. But not all agents should have to use valida-
tors, as some passengers posses some form of pendler-card, or would purchase tickets through an
app. A prototype variation of this behaviour was in the works by the time the initial presentation
took place, but developing it demonstrated the need for handling multiple agents attempting to
use validators at the same time, especially when they targeted the same validator. For the �nal
iteration agents need to choose between a queuing-like behaviour, or re-navigating to another
nearby, available validator, if their original target is occupied. Figure 2.3 shows an example of two
enter agents walking towards a validator they have targeted for check-in (indicated by a green line
from the agents' position to the validator). When the validator becomes occupied by one agent,
the second agent can decide to queue, or move towards another validator to satisfy the need for
checking-in.

This queuing behaviour simulates the perception of agents using the validators and their avail-
ability to other agents that could be in need of checking-in/-out. Agents that are navigating to-
wards their destination and have to check-in/out, were designed to have a "patience"-relationship
towards having to queue to �nalize the checking-in/out action, versus continuing in their path and
delaying the action. Agents with pendler-tickets would not be in need of this queuing behaviour
when nearby validators. The mathematical reasoning behind the queuing-patience trade-off can
be found in section 3.5.2.

Validators in the real world occasionally fail to scan Rejsekort. This is sometimes at random,
but at other times it is due to the user not holding the card close enough to the validator, pulling
the card away too early, or trying to scan through a wallet or similar. This was modelled as part
of the validator interaction with a �xed, but adjustable rate of 5%.
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Figure 2.3: Two enter agents targeting the same validator for check-in. The closest agent will check-in and the second
agent might queue or choose to use a different validator on the way.

2.3.2 Creating Two Different Agent Pro�les

The motion of agents was also improved signi�cantly. Instead of all having the same base speed,
agents must have variations in speed. Not only can their base "walk"-speed have variations be-
tween agents, but agents could be able to change between walking and running. At Nørreport
we observed several passengers in different stages of "hurry", at worst running down escalators
to catch the train that was just about to leave. For this, scriptable objects containing agents stats
were created.

Two initial pro�les were created, one for "young" agents and one for "older" agents, where
young agents would have a higher speed range. Figure 2.4 shows an example of the pro�le for
young agents. Another consideration for the agents, where they might differ, could be the chance
of acquiring a ticket through an app, or possessing a pendler-card; however, as no data regarding
this was acquired, all agents were given the same chance to posses alternative valid ticketing of
30%.

Figure 2.4: Young agent pro�le. At spawn, agents would be either young or older agents and their speed (and other stats)
will differ depending on their pro�le.
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