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Abstract

Abstract

During an evacuation process, the exit choice of pedestrians directly influences the
evacuation time and the occurrence of congestions. Old simulating software based
on shortest path algorithms were ineffective as they lead to congestions and
overestimateavacuation times. New models were developed based on the quickest
path algorithm to overcome the shortcomings of previous models. In these models
pedestrians are able to change their exit choice by estimating the flow of congestions
and journey times. Nevtheless, the inability of the models to accurately reproduce
the rational thinking of human beings is widely articulated. To understand what
drives a human being to choose a particular exit or to change his exit choice midway
through a process, an exihaice BASIGO experiment was chosen and modelled
using software into a virtual environment. Here the experimentee is assigned the task
of navigating a virtual person through a room using a controller and has to decide
which exit to take in a series of teshs. The flow and density in front of exit doors
differ from run to run and the task is to fimhat makegparticipants desist from an

exit. Additionally, Linear discriminant malysis is performed tccalculate the
coefficients andto generatea linear eqgation The obtained results are then

compared with the real BASIGO experimantalues to check for accuracy

KEYWORDS: Exit choice decision, gdestrianyirtual person,virtual environment
and LDA.
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Chapter lintroduction

Chapter 1  Introduction

1.1 Motivation

Over the course of historgeveral disasters haveppened which were directly
aggravated byhe poor exit choicebehaviourof people crowd crushes, stampedes,
human panidehavior andineven routing of placekiteraturestudieq1, 2, 3]have
shown that more thaa thousandives werelost due to these disasters. One of the
most tragic accidesiccurred in Iroquois Theater in Chicago (U38) which cost

602 people theirlives because opanic situationand high densities near the exit
door. Another accident in 2018t aconcertin Duisburg(Germany)[4, 5] (Deaths:

21/ Causalities: 500) angkach fireworkincident in2001in Kobe, Akashi (Japan)

[6, 7] (Deaths: 11) have costanylives due to stampedeDespite these incidents,
research in this field is still in its nascent stages. With the advent of virtual reality
however, we now have the perfect opportunity to recreate such deadly scenarios
virtually and understand how they can be prevented from hapgpagain. Results
obtained from the conducted research can also be used to design better emergency
exit plans for commercial and entertainment venues built to accommodate large

congregations of people.

There aremany efficient simulation softwarg@package available inthe market to
simulate pedestrian dynamics Though they simulate pedestriamovement
efficiently, there are cerita parameterghese software packagescouldn't explain.
One of themis the behaviour ofpedestriansespecially during the exit choice
analysis. Hence to study aadalysethe exit choiceconductsof pedestriansye are

presenting thislissertation work

Studying humanbehaviourthrough experimental methsds very expensive and
time consumingand inextremesituations like fire accidents, impractical. Virtual
reality (VR), due to its ability in creating anyrtual environmentVENV) we wish
to, allows one to study the humbaehaviourfor suchextremescenariog8]. The las

few years have shown that VR is useful in identifying problemswaRchosen to



1.2Virtual Studies

simulate problems mainlfor two important reasons: Firstly, it is very simple to
model. Secondly, it allows one to simulate with n number of pedestrians and at

different stuations, especiallyn extreme situations like fire accidents.

1.2 Virtual Studies

Virtual reality (VR) is an unreal environment that is ated with software (In this
dissertationVizard was used asvR software) and presented to the user
experimenteen such a way that the persenspends belief and accepts it as a real

environmentVirtual realityis used either to

1. Simulate a real enviromentto serve folreducatiorand researchurposer

2. Developa hypotheticaénvironment for a game aninteractive story.

Numerous studies have been conducted using VR and valuable informason
foundabout humarehaviourandhow to conduca VE. Erik , Peter and Susarj9]

have studied human roupehaviourusing navigation (3D maps and free navigation)
via virtual environments, and found that 3D maps are very clear and easily
understandable for humans thimee navigation. In their studies for free navigations,
they have allowed participants to wadkoundvirtual environments freely without

any constraint. For 3D maps, tlparticipants are allowed only to look at the VEs
from a fixed pointLuo, Wickens, Duh and Chen[10] haveanalysé human route
behaviourin subway stations viaothRE and VEs using with and without 3D maps,
and found that the pedestrians are moving faster when they have 3D maps. In the
absence of 3D mapsnsetme s vepyaslow. Their fBadyt 6 s r espo
results showed good agreement with Rtestudy and also share many results seen

in Erik, peter and Susan study on navigatldarman G. Vinson[11] has explained

the guidelines for modelg and navigating @omplex real environment virtually.

His guidelines are basgutimarily on anextensive empirical literature on navigation

in the real worldMehdi Moussaid and his groug8] haveanalyseé human crowd
behaviour during higlstress situations via VR, and compared the VR results with
those observed in the experiments. Their VR resultsthen crowd behaviour,
movement and interactiorshow good agreement with the experimeatshough

the humanbehaviourin different scenarioge.g. Finding routes, traffic ejchave

been studied virtualland practically in the real worldess attention has been paid

to exit choicebehaviourand our understanding aboutsitimited. In this dissertation

2



Chapter lintroduction

work we mainly focus on this issue and atsmck the results with reality i.aow

far they coincidevith therealresults.

1.3 Aim and Structure of the Dissertation

The aim of this dissertationork is to study the exit choice behavior pédestrians
The study use&SU and Vizard softwarpackagedo create the/ENV where the
virtual experimens are condwcted In addition, experimental data agdestionnaire
formshave beemsed for analysisf the pedestria@exit choices. The discrimina
coefficient valueshave beennvestigated and compared with the ones observed in

therealexperiments.
This dissertation is organized as follows:

Chapter 2 introduces the concept of pedestrian dynamics, how it works and some

basic terminology of pedestrian dynamics.

Chapter 3explainsthe Methodology of the VR experiment and also includes brief
information regarding the BaSiGo experiment and how to do one of the experiments

as performed in BaSiGo by using VR techniques.

Chapter 4 describes the basic setup of the VR experiment useid mlidsertation
work. In this chapter, the algorithms of VR experiment and data extractions is also

explained.

Chapters 5 and 6 demonstsatee qualitative and quantitative analysis of the data
generated from the VR experiments in the previous chafteresultsareanalyse
and comparewith the real ones.

Chapter 7 gives a short conclusion about dissertatiorwork, based on the results

obtained
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Chapter antroduction to Pedestrian Dynamics

Chapter 2  Introduction to Pedestrian Dynamics

In this chapterthe basic terminologyf pedestriandynamicsand thepedestrian
modelsused in this work are explainebh addition,generalrouting strategiegor

pedestrian simulatiorarealso explained.

2.1 Basicterminology of PedestrianDynamics

In order to effectivly design pedestrian failities like escape routeddr stadiums,
heaters, schas, etc), and to assess thesacilities for big events and transport

infrastructurethefollowing termsplay an importantrole:

Trajectory: Trajectory is defined as the pedestrian path travelled or the path that
will be travelled by the pedestrians. Trajectory contains pedestrian positions at each

time interval t.

Density: The average number of pedestrians per unit area. Mathematicallytygensi

is expressed as

Units: ped/nt
Velocity: Velocity is the average walking speed of a pedestrian per unit time.

The expression for velocity v is,
% = -

Where d: the average distance travelled by a pedesiriane t.
Units: m/s

Flow:ltdef i nes t he number of pedestrians N,

time interval I . e. T



2.2 Pedestrian Models

3 = =
[09)

The maximal flow is called the capacity Cmxd

From other literature studies the flow equation can be writt@mtasms of product
of the specific flow and breadth of the room

Flow equation =  * A
Where { is ecific flow.

Specific flow: It is defined as theflow per unit door width in a second.
Mathematicallyit can be written as

o= -

Specific flow can alsbedefinad in terms of density and velocity as follows

JS - ” l‘)

The detailed procedure for calculatiagd how to choosthe parameters density,

velocity, flow and specific flow is explained [12, 13]

2.2 Pedestrian Models

According to the classical definition of a complex system, the behaviour of each
component or element depends on the behaviour of other components. A moving
crowd is a perfect example otamplex system where the motion of an individual is
dependent on the motion of others in the crowd who are also moving in the same
path. Most mathematical models which were developed in the past were based on
physical similitude of fluids and the movemaeaittheir particles which cannot be
expected to mimic the exact dynamics of crowd movement because, unlike such
physical processes, crowds are made up of rational and intelligent human beings.
Since there is no precedent to act as benchmark, any matredmadael we create
cannot be considered better or worse than other models. To allow for comparison,
we introduce a set of criteria which a model has to satisfy in order for it to be
considered good or bad. This distinction arises depending on whetheoded im

consideration satisfies the set criteria better or worse than the other models.
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Pedestrian models are essentially classified into three types depending on their
characteristics and degrees of freeddm, 1] viz. Microscopic, Macroscopic and
Mesoscopic modelsEach of these types can be further classified into discrete,
continuous and mixed models based on spatial discretization. Out of these models,
continuous models can be explained either in a deterministic enasmin a
stochastic manner. Stochastic models can be again categorized intageds
force-based and hybrid model$he general classification of pedestrian models is

shown inFigure2-1.

2.2.1 Microscopic models

The concept behind a microscopic model in pedestrian dynamics is that the
complexity of the entire problem can be reduced to the movement of individuals
instead of the crowd as a whole. Howevlre disadvantage here is that the
dynamics arising out of a crowd movement cannot be accurately predicted by the
dynamics of an individual. This is especially true in phenomena like turbulences and

stopandgo waves.

In general, microscopic models can bassified into discrete, continuous or mixed
models depending on whether the variable is of the space, time or state type. The
most famous models in pedestrian dynamics are the spatially discreteasaek:
models[15, 16] spatially continuous rulbased modelfl7] governed by pedestrian
reactions, forcdased modelfl4, 18, 19]defined by ordinary differential equations
(ODE) and hybrid modeldn spite of the categorization it is difficult to distinguish
between forcédbased and rulbased models. We just consider models where the
dynamics are dominated by the defined forces as Hmased models and those
models where state variables are af#ddyy spatial decisions as rddased models.

Most models based on Newtonian dynamics assimilate rules to negatffauie

inherent to the main motion equation.

2.2.2 Macroscopic models

In large public events, e.g.: music concerts and Hajj, freedom of moveshan
individual is constricted within high density regions and so the usage of a physical
analogy of gases and fluids to describe human crowd behaviour is justified. Herein,
aggregate variables like the density and flow of the crowd come intgJglayThis

method of observation of the state of a system as a whole entity is called the

7
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[Pedestrian :\IDdE‘lE}

Macroscopic } Microscopic } Mesoscopic
Discrete } Continuous Mixed

|

Deterministic Stochastic

Rule-based } Force-based Hybrid

Figure 2-1 Pedestrian model classification
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macroscopic model. These models aceurate to a certain degree in finding out the
average inflow and outflow in extremely crowded situations. However, conservation
laws like momentum and energy cannot be accounted for in a human crowd and so
their ability to describe less dense situationdiere the degree of freedom of

individuals is not so restricted, is questionable.

Further information regarding macroscopic models can be fou,r21, 22]

2.2.3 Mesoscopic models

Mesoscopic models, on the other hand, fall somewhere in between micro and

macroscopic models in that they group a bunch of homogeneous elements together
and analyse for the behaviour of these tiny groups. Further information about

mesoscopic models can gathered from the papg3].

2.3 Routing Strategies

A route defines the way or course taken in reaching a destination point from an
initial position. For an accurate reproduction of pedestrian behaviour in computer
simulations, route choice of pedestrians and the underlying factors, like the crowd
density ad the history opedestriansvhich made them choose the route need to be
considered. However, these factors cannot be measured directly. This is because
many simulations start with the pedestrians already assimilated into the crowd
without taking into acount the act of them entering the crowd and their memory of
route choice. This may indeed have considerable influence on their exit choice
behaviour. Keeping this in mind, we categorize paths ibjective and subjective
groups ashown in therable 1. During evacuation, the inherent nature of the crowd

is to choose the quickest path i.e. the path with the least possible time to reach a
destination. Hwever, the ability to choose this path depends on certain factors such
as familiarity with the surroundings. In the absencethi$, the instinct of the
pedestrians is to follow the crowd in front but this could lead them to jeopardy if
followed pedestria&y commit an error. The aim, therefore, is to model the quickest
path by methodical avoidance of congestions. Cellular Automata (CA) models use
enhanced dynamic floor fields to achieve this. Density in front of the moving
pedestrian$l6], distance to exitf24, 25]and navigation field$13] constitute the
enhancements. Continuous models generally use a set of destination points to

optimise thelravel time. This method of construction of a network of predetermined

9



2.3Routing Strategies

or adjustable destination points is called the giagbéed routing.n [26] the
Hamilton-JacobiBellman equation is solved to yield the optimal path for pe@das

at each time step. I[f27] however, a grapbased routing system is combined with
Cellular Automata and by employiragheuristic A*algorithn{28] which computes

the fastest patf29] employs visibility graphs and the Dijkstra method to determine
the route of pedestrians whil@0] uses a queue principle to find the optimal paths

for pedestrians.

Table 1 Examples of path typeclassification inside a facility and possible influencing crited. The table is
taken from [1]

Type Criteria

exits in sight range, sign
Objective Shortest path (global, local) experience, etc.

jam in sight rangeexperien
Quickest path ce, etc.

Directives from signs or

Given path panelspersonal, etc.

design, clarity, lighting, gx

Subjective Pleasant Path -erience, emotiondtate etc.

Experience, overviewwvalki-

Safest path -ngin group, etc.

experience, overview,

Known path identification of signs, etc.

2.3.1 Graph construction

To construct a graph, we use nodes to connect decision areas. A decision area in the
real world can be thought of as exit doors and passageways wheeegstrian

needs to make a decision about his/her next move. Connecting all the nodes from the
first decision area to the last decision area in order gives us the graph/network.

To determine the optimal path, we use the Hdyarshall algorithm but, optinha
path is only possible in case of noongestion. In such a scenario, the global, the
shortest and the quickest paths are all the same. Additionally, each node of the graph

provides the following information:

10
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A  connected nodes and distances,
A di s wlinatdestirtatons,

A shortest paths to reach all final
2.3.2 Shortest path

2.3.2.1 Local shortest path

When pedestrians are unaware of the global information, the local shortest path is
chosen. This means that pedestrians are only conscious ofafestneode and so

they follow the exit signs in the facility from one node to the other until they reach

the nearest exit. This is generally applicable for first time visitors of a stadium.

2.3.2.2 Global shortest path

When pedestrians are familiar with the fdgilifor e.g. regular sport spectators, the
global shortest path offers the most appropriate strategy. This allows a pedestrian to
choose the shortest path to the final destination irrespective of their location in the

facility. An example for thisechniqee is theFloyd-Warshall algorithm.

2.3.3 Quickest path

The quickest path technique is dynamic in nature and tends to vary with time. In
this, pedestriansirét start with theshortest path technique (either global or local,
depending on their knowledge of thesifily) but when jams/congestions arise, are
rerouted to reach the nearest exit in the fastest time possible. In other words, the
variable in this technique is time and we endeavour to dynamically end pedestrian
movement in the shortest time possible.

Othe pathfinding strategies like the heuristic approach, probabilistic choice method
and straight and long legs (SALL) method also exist. More information regarding

these strategies can be inferred fri@i].

11
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Chapter 3  Methodologyfor Experiment

In this chapterrequirements to perform tr@aSiGoexperimentvirtually aredealt

with and how to carryt out is explained

3.1 BaSiGoProject

Safety is of paramount importance in the modern world, especially so inplaiotie
events. Tragic incidents from the recent past, like the Love Parade in Duisburg,
show us how critical a proper security planning of an event is. However, the varying
complexity of the events makes it that much more difficult to use the standasd safe

concepts.

ProjectBaSiGq an undertaking by the German Federal Ministry for Education and
Research (BMBF), aims to bridge this gap by developing a basic modular approach
for planning and evaluating large public events. To achieve this, BMBF has
collabomted with universities and research institutes like Forschungszentrum Julich
to plan and execute largeale laboratory experiments, sometimes involving test
persons to the tune of a 1000. Extraction of pedestrian trajectories as well as
developing methodsto analyse and model pedestrian flow using computer
simulations form part of the experiments. Efforts have also been made to integrate

results of previous research projects like Hermes and EVA.

Of particular interest to us is the scientifical identificat and eventually,
incorporation of design parameters into the basic modular conc&a@SGa The
objective is to realize these parameters in controlled laboratory conditions to the
extent that they can be used to improve computer simulations in firalihg
congestion areas in advance, thereby allowing event organizers to plan the event

accordingly.

The experiments ould be the world's largest of its kind. For the implementation,
they have sought up to 2,500 subjects and additional helpers. Ttwaatie

amounts to 50 U4 per person per day. The

13
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O Yio

Figure 3-1 BaSiGo experiment
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Dusseldorf, hall 14, €destrian Entrance EaStockumer KirchstraRe frot©/06/13
22/06/201332].

Out of the pool of the experiments conducted from this project we have chosen one
experiment for this dissertation work. The experiment chosen for this dissertation is
shown in top left side of thieigure3-1.

3.2 Requisitesfor VR

Using the followingtools, we modeled the experimettsetup in VR, conductedt
on voluntary participants ananalysé the results in comparison with real world

results.

Google Sketch UP
Vizard, aVR software
Oculus Riftheadset

Input controller

a k~ 0N PRF

R, adata analysis software

3.2.1 Google SketctuP (GSU)

GSU isa simple anduserfriendly modelling software that enables users to be 3D
designers. GSU can be useddavide range of applications such as architecture, 2D
layouts CAD designs, civil and eohanical Engineering and so drhis software
was initially developed in 200Qvaslater acquired by Google in 2008ith the first
free versiorof the softwaregettingreleased in the same year in the month of April.
At present this software iswned by Trimble Navigationand its free version is
availableasSketchUpMake, while it also ha a paid versionwith additionalfeatures

in SketchUP proAs for normalusageGSU free version is enough to model designs.
GSU has the following advantages and us&® other design software

1. The software is available freely for students atius.

2. This has additiondunctionality for importing 3D geometries from 3D ware
house

3.1t 6s e asigavhilable asaa opanrsaurce

4. Additional support from Extension ware housemport 3D geometries from

Google earthis provided
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3.2Requisites for VR

Easy tocreate ad usetexturesfor the 3D models
Easy to presemhathematical concepts and geometry visualization

We can use Building footprints captured from Google Earth

© N o O

We can draft the models easily here.

3.2.2 Vizard

Vizard is a virtual reality softwareused to provide 3D visualization and simulation
applications and iswned by WorldViz This software is freely available in market.
The execution time of free softwais limited to 5Minsand comes with awater
marked label 3D visualizationfinds applicabbn in product visualizationhuman
behavioural angberception researclsafety training, architecture visualizaticand

other fields of research interest

Vizard software has support for input and output devices, includingrheadted
displays, Caves, Power walls, 3D TVs, motion capture systems, Haptic technologies
and Gamepads. Vizard interface uses Python for scripting and OpenSceneGraphics

(*. osgb forma) for representing visual graphics\ENV.

It also has a hardware support of Precision position tracking (PPT). PPT is used for
real time motion tracking in virtual reality applications. It is used to track motion for
large areas and six degrees of fimedIt also incorporates a hand cooperation
device that gives clients a chance to explore and control virtual scenestaat v
items. Additionally, a pair of remote 3D glasses following framework for
oveh aul i ng parspective i@ canjonstiowith CAVE or Power walls3D

show frameworksThe motion tracking system used for thkliissertation work is
shown inFigure3-2.

Figure 3-2 Mation tracking device
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Chapter Methodology for Experiment

Vizard software has the following features and tools

1.

Vizard Inspector to wjcken advancement of virtual universes wih
coordinated proofeader anckditor forVizard open scengraph compatible
3D models

Vizconnect tool to #ortlessly coordinate with presentations, headsets,
trackers and information gadgets utilizing the visual arrangemtarface

Full access to opesource group libraries and tool boxed=or Python
scripting

Realtime directional, ambient and spot lights and shadows

5. Consolidate virtual and physical reality utilizing tteigmented reality

toolkit module.

Additionally, it hassome advanced features like

1) a Physicsenginefor simulating high rigid body dynamics and robot
applications

i) SDK/Expendability

3.2.3 Oculus Rift headset

Oculus Rift is perhaps the most famous VR headset of the present day. It was

developed by Oculus VR, a startup founded specifically for the development of the

device. The company was later purchased by Facebook for about $2 billion. Starting

as a Kickstadgr campaign, Oculus Rift proved immensely successful among

individuals and companies who saw potential in Virtual reality and was eventually

able to attract $2.5 million of funding.

Over the course of the | ast 4 yrear s

production models were developed out of which five were demoed to the public to

S

gather feedback. Two models were also sent to developers to develop apps and

i nteractive content i n ti me for t he

received fromtech circles, these development kits saw impressive demand from

enthusiasts who wanted to try out the preview technology. We are bsir@actlus

Ri f

development kit 2 for our work. The sample figures of a person wearing the Oculus

headset and inside view tfie headset are shown lngure 3-5, Figure 3-3 and
Figure3-4.
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3.2Requisites for VR

Figure 3-3 Oculus Rift headset (www.occulus.com) Figure 3-4 Oculus Rift headset-Backside view

Figure 3-5 Participant wearing oculus headset
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Chapter Methodology for Experiment

Coming to the technical specificatiof&3], we are looking at an angle of view
110°, integrated headphones to create a 3D audio effect and an OLED
resolution of2160x 1200 with a refresh rate of 90 HZ. The Rift has a posi
tracking system as well called the Constellationciwiuses an infrared sensor
pick up the |l ight emitted by IR LEI

to create space for the user to move about freely while using it.

The minimum specifications requiréar Oculus RiftDDR2 is[33]:
Video Card NVIDIA GTX 970 / AMD 290 equivalent or greater
CPU Intel i5-4590 equivalent or greater

Memory 8GB+ RAM

Video Output Compatible HDMI 1.3 video output

USB Ports2x USB 3.0 ports

OSWindows 7 SP1 or newer

3.2.4 Input controller
Normally in pedestrian simulationgput coriroller plays an important rolelhe
steering behaviour is remarkably dependent on the type of dguite usedin

practice we can use

1 Human interruptible with sensors
1 Touch pad sensors

1 Gamepad witlwire or wireless controller

Figure 3-6 Input device- Gamepadcontroller
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3.2Requisies for VR

For our dissertation work we have used gamepad as an input controller for steering
inside the VENV because of the cost, handling and installation of the device. The

gamepad used in our case is showhifure3-6.

A gamepad isalso calledjoypad or controllerlt is used to provide inpuwith the
help of thumbsit has two joysticks. Thepper one is usetb move font, back, left

and right The lowerone is used for the rotational view of the N'E.

3.2.5 R, a data analysis software

R is a software developed bBell Laboratories for statistical and graphical
computing.lt packages many techniques, both graphical and statistical, stioieas
series analysjdinear and nodinear modelling, clustering etdn this dissertation
work, R along with Python3 are usedaalysedata from the experimentQuoting

[34], R haghe following features and tools

An effective data handling arstiorage facility,
A setof operators for calculations on arragspeciallymatrices,
A large, coherent, integrated collection of intermediate tools for data
analysis,
1 Graphical facilities for data analysis and display either directly at the
computer or oftnardcopy, and
1 A well-developed si mpl e and effective programmin
which includes conditionals, loops, user defined recursive functions and
input and output facilities. (Indeed most of the system supplied functions are

themselvesvritten in the S language.)

R is not just anothedata analysis softward is afull software environmenwith a
planned, coherent system in addition to specific toQlger the years, it has

developed into a Launchpad for new data analysis methods.
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Chapter 4The VR Experiment

Chapter4  The VR Experiment

This chapterdeals with the methodologyinvolved in creatingthe setup and

conducing the experiment.

4.1 Model setup

The fiction of the spatialgeometrical environmenplays an important role in
pedestrian simulationsThe quality of the model determines the accuracy and
validity of the pedestrian simulationBepending on the simulatiosituations,the

geometryvaries Forinstancethe geometrys straight for aircraft and circular for

stadiums some of the virtuahnd reakreated modelareshown inFigure 41.

Il Football Stadium (http://www.wembleystadium.com/)

Figure 4-1 Different geometry models

The aim ofthis projectis to study he exit choice behaviour of pedestrians. For this

purposethe samexactgeometrydepictedin the top left side of thé-igure 3-1with
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4.1 Model setup

two exit dars was chosenThe virtual model forour dissertationwork is shown

Figure4-2.

(I

Figure 4-2 Geometry of experimented model. (1) ISO Metric view. (Il) Front view. (Ill) Back view

Thevirtual geometrical model for VEV was created usin@SU Make Software. A
detailed procedure to build theD3model is discussedn [35, 36, 37] The
specifications and-P figure of the geometryf the modekreshown in therable 2

andFigure4-3.
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Chapter 4The VR Experiment

Table 2 Specifications of the model

S.No Specification Units/Number
1 Length of the Experimented room 10m
2 Breadth of the Experimented roon 10m
3 Height of the Experimented room 2m
4 Number of Exits 2
5 Length of the Exit door 1 0.7m
6 Length of the Exit door 2 1.1m
7 Number of Entrances 1
8 Length of the Entrance 2m
9 Each Cube Dim 1x1x2m
10 Length of the Hall 50m
11 Breadth of the Hall 50m
12 Height of the Hall 5m
13 Length of the Whole Room 80m
14 Breadth of the Whol&oom 100m
15 Height of the Whole Room 10m

Holding area I
—
<
o)
xS
Holding area 11
—
Yol

L-

koo

3.0

28 o7 1.1

2.4

Figure 4-3 2-D Geometry of the experimented room
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4.2 Method

Figure 4-4 Final geometry of thevirtual model

After completing the construction of the basic sketchepthe skeleton of the

virtual workspace, the next step is to bring simi@al working environment into
VENV. This includes importing the pictorial view of the real work space and
integratinginto virtual reality workspace in the form @& COLLADA file (*.dae
format). After saecessfully creating thevorkspace in GSUt is validated inVizard
inspector and the final geometry is exported *in osgb format, for further
performingof VR experimentand is shown ithe Figure4-4.

4.2 Method

The virtual walking experiments were conducted in a room at the faculty building of
Civil Engineering University of Wuppertal andat Jilich Research Centre. The
experiments were carried out totally in 4 days at two places in two phasesaone
from 9:00am - 12:0pm and another 2:00pm 4.00pm. At frst place,i.e. at
University of Wuppertal 25 peopfearticipated,14 participated irthefirst phase and
restin the second phase. At tliglich research centre 11 peopb®k part inthe

experiment7 people werén thefirst phase and remaining thesecond phase.

4.2.1 Participants

The total number of volunta participants for carrying out our test runs is B6e
participants were either students or faculty members, vegre eitherfrom the
University of Wuppertal or from Jilich research centre. Out ¢flB&articipants
were femaleand therestwere male The participants are young (<25), middle aged
group (<50) anda few of them are seniors (>60). No participant had prior
knowledge about virtual environment and hypothesis of the experiment. All
participants had normal or corrected to normal vision. Oncmant (male) had to

be excludel because of dizziness during the first trial of the experiment. The
participants lackg in our experiments are tesge persons (<20) and children
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Chapter 4The VR Experiment

4.2.2 Virtual e nvironment

The virtual environment was generated by uswWigard VENV Libraries. The
VENV consists of a bigagom with a hall of texturesimilar to the real modehs
shown in Figure 4-5. In that hall the experimented room weaseated with a
dimension of 1810x2m. The experimented room has two exits with 0.8m and 1.1m,
entrance 2m and virtual avatars were standing at thaneetrdoor. We will use the
same environment 6 different timésr one comgete experiment. Each time the

Virtual Avatars at the entrance door vary from run to run. The number of avatars

i i
Use the WASDQE keys to move around the room Use the WASDQE keys to move around the room

To Run the Experiment Press "m" To Run the Experiment Press 'm"
To Reset the simulation Press " To Reset the simulation Press r"

Vi @ﬁmﬁ“

-

i
Use the WASDQE keys to move around the room. Use the WASDQE keys to move around the room
To Run the Experiment Press "m" To Run the Experiment Press ‘m"
To Reset the simulation Press "r" To Reset the simulation Press r"

Powered by. Pawered by
q | \\ // S‘ frd r

©)

Figure 4-5Virtual e nvironment view in perspective ofa participant
I. (A) and (B) with 40 pedestrians starting and middleposition

1. (C) and (D) with 18 pedestrians starting and middle position
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4.2 Method

standing infront of the door in each rus either 40 or 18. An experimental session
always started witlthe participanbm away from the entrance of the experimented

room.Figure4-5 shows the participadtgiew from the virtual environment.

4.2.3 Experimental setup
The basic virtual experimental set up for our work is showRimure4-6. To begin
our experiment with virtual reality there are certain prerequisitésh have to be

met The primary requiremesinclude

1. Personal Computer having windows 7 or higher version of OS installed with
python andvizard software.

2. Hardware devicesOculus headset and Gamepad. Both must be connected to
apersonal Computer

3. Code developed for VBV (In our casethecodewas developeth Vizard)

4. Code for linkage between hardware devieesl the virtual environment
setup.

5. Input trajectory files having positions of the remaining pedestrians from the

BaSiGo project.

Figure 4-6 Geneaal overview setup of theVE

26








































































