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Abstract

In the last few years, ISEP in collaboration with FEUP and other universities, created
a realistic driving simulator called DriS, which had the objective to help in researches of

different areas, as civil engineer, computer graphics, psychology, education, etc.

The result of this thesis pretends to help the professionals who analyse the data
collected in each driving experience, in order to allow them the study of the driver’s

reactions at different obstacles during a ride, at the same time.

DriS simulator consists in one white screen where the driving simulators
environments are projected, in one real car to make the driving experience and four
cameras placed in the car. Of these four cameras, three are inside the car and one of
them outside the car. Each camera is focused in one specific and critical part of the
driving: the road, the driver, the pedals and the controls (gearshift, steering wheel,

wiper controls, etc.).

Each one of the camera records a video that is save in one computer placed in the
control room, inside the Laboratério de Andlise de Trafego in FEUP. Also, a text file is
saved in this computer. This text file contains some information about the driver’s

experience, as it can be the car coordinates, the speed of the car, the time, etc.

The work of this thesis arises in order to improve the way on how professionals
analyse and perform data collected from a DriS driving experience. For that purpose,
was created a video-monitorization system, consists in a video application, that allows
load and player four videos simultaneously as well as a text file which contains all the
data collected from the experience. All of them will be time-coordinated and the user
could move forward and backward through them using a slider. Also, as a basic video
player, contains some buttons to control the status of the video (play, stop, pause)

allowing the professionals analyse with detail the four videos and the data.
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Take advantage of the new progresses in software development, the application was
made in C++ using the Qt library, and its integrated development environment the Qt

Creator, which made easier the implementation.

At the end of this report (Chapter 4) is attached a user manual in order to explain

and help the professionals to use the application.

II



Resumen

En los ultimos afios, el ISEP en colaboraciéon con FEUP y otras universidades, han
creado un simulador de conduccién llamado DriS, el cual tiene como objetivo ayudar en
la investigacion de diferentes areas como ingenieria civil, computacién grafica,

psicologia, educacién, etc.

El resultado de este proyecto pretende ayudar a los profesionales de estos sectores
quienes analizan los datos recolectados en cada experiencia de conduccién, para
permitir el estudio simultdneo de las reacciones de los conductores a diferentes

obstaculos durante el trayecto.

El simulador DriS consiste en una pantalla blanca donde son proyectados los
ambientes de simulacién; en un coche real en el cual se llevaran a cabo las experiencias
de conduccion; y en cuatro camaras situadas en el coche. De esas cuatro camaras, tres
estan situadas dentro del coche, y solo una de ellas fuera del mismo. Cada cdmara esta
centrada en grabar una parte critica y especifica de la conduccién: la carretera, el
conductor, los pedales y los controles (palanca de cambios, volante, limpiaparabrisas,

etc.)

Cada una de las camaras graba un video, el cual es guardado en un ordenador
situado en una de las salas de control, dentro del Laboratorio de Analise de Trafego de
FEUP. También es guardado en ese ordenador un archivo de texto. Este archivo
contiene informacién sobre la experiencia de conduccién del usuario, como las

coordenadas del coche, la velocidad del mismo, el tiempo, etc.

El trabajo de este proyecto surge con el objetivo de mejorar la forma en la cual los
profesionales analizan e interpretan los datos recogidos en una experiencia de
conducciéon en el DriS. Para ese propoésito, se ha creado un sistema de video-
monitorizacién que consiste en una aplicaciéon de video la cual permite cargar y
reproducir cuatro videos en simultaneo. También consigue leer el archivo de texto que

contiene los datos recogidos en la experiencia. Ambos (videos y texto) deben estar
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sincronizados temporalmente, permitiendo al usuario mediante el uso de un cursor
mover los archivos (video y texto) hacia atras o hacia delante. Al ser un reproductor de
video basico, contiene algunos botones que controlan el estado del video (play, stop,
pause), permitiendo a los profesionales analizar con detalle los cuatro videos y los

datos.

Aprovechando los nuevos progresos en software de desarrollo, la aplicacion se ha
hecho en C++ usando la biblioteca Qt y su ambiente de desarrollo integrado Qt Creator,

el cual hizo mas facil la implementacién.

Al final de esta memoria (Capitulo 4) se adjunta un manual de usuario, que tiene

como objetivo explicar y ayudar a los profesionales usar y manejar la aplicacién.



Resumo

Nos ultimos anos, o ISEP em colaboragdao com a FEUP e outras Universidades, criou
um simulador realista de condu¢dao chamado DRIS, que tem como objectivo ajudar em
trabalhos de investigacdo de diferentes areas, como engenharia civil, computacao

grafica, psicologia, educacao, etc.

O resultado deste trabalho pretende ajudar os profissionais a analisarem os dados
recolhidos em cada experiéncia de condugdo, a fim de permitir o estudo das rea¢ées do

motorista em diferentes obstaculos durante um percurso.

0 simulador DRIS é constituido por uma tela branca, onde os ambientes de
simulacdo sdo projetados; um carro real, onde é feita a experiéncia de conducdo e
quatro camaras colocadas no carro. Destas quatro camaras, trés estao dentro do carro e
uma fora do carro. Cada camara estd focada estrategicamente, em partes criticas da
conducdo: a estrada, o motorista, os pedais e os controles (mudanc¢a de marcha, volante,

os comandos do limpador, etc).

Cada uma das camaras grava um video, que é guardado em um computador
colocado em uma das salas de controlo, dentro do Laboratério de Analise de Trafego na
FEUP. Além disso, um arquivo de texto é guardado no mesmo computador. Este arquivo
de texto contém algumas informacdes sobre a experiéncia do motorista, como as

coordenadas do carro, a velocidade do carro, o tempo, etc

O trabalho desta Tese surge com a finalidade de melhorar a forma de os
profissionais analisar e interpretar os dados recolhidos a partir de uma experiéncia de
conduc¢do no DRIS. Para o efeito, foi criado um sistema de video-monitorizacdo, que
consiste em uma aplicacdo de video, que permite a visualizacdo de quatro videos
simultaneamente, e ler um arquivo de texto, que contém todos os dados recolhidos na
experiéncia. Ambos (video e texto) tém de estar sincronizados com o mesmo tempo de
forma a permitir ao utilizador, navegar backward e forward com a ajuda de um cursor.

Além disso, como qualquer reprodutor de video basico, contém alguns botdes para
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controlar o status do video (Play, Stop, Pause) e permiti que os profissionais analisem

com detalhe os dados dos quatro videos.
Aproveitando os avangos no desenvolvimento de software, a aplicacdo foi feita em
C++ usando a biblioteca Qt, em ambiente de desenvolvimento integrado do Qt Creator, o

que tornou mais facil a implementacgao.

No fim deste relatério (capitulo 4) é anexado um manual do usudario, a fim de

explicar e ajudar os profissionais a usar a aplicacao.
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Acronyms

DriS - Driving Simulator
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Introduction

Driving simulation is a type of motion simulation that is currently undergoing a big
change due to the enormous progress and improvements on this field in the last few
decades.

In this thesis, the driving simulator that was used to develop the video-
monitorization system was the DriS simulator, that will be presented in the following

lines.

1.1. Introduction to DriS

DriS is a driving simulator developed by the FEUP in collaboration with ISEP in the
end of the 90s and allocated in the Laboratério de Andlise de Trafego of FEUP. It was
developed in order to help in the research of different topics, as road design, driving
methods, driving education, or realism of video and images in a driving simulator.

To achieve this purpose, was recreated a virtual simulation ambient, where with
access to one real vehicle, the drivers can drive along a virtual road composed by

realistic images generated in a graphical station. Being in a real vehicle provide

more realism to the experience, but as the vehicle is fixed in the ground and does not
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make any movement, the driver cannot feel as he is in a real road. This feeling
happens also due to the images are projected in a screen, so the perception of depth that
the driver could have is missing at all.

In the experiences, the driver is placed in a completely dark room to not allow the
light influence in the driving. Also, four cameras are recording with some level of detail
the road, and the movements of the driver, the pedals and the commands (gearshift,
steering wheel, etc.).

In the following sections, the DriS will be presented with more detail. Will be
described their facilities, the architecture, the road specifications, the driving station,
the image generation sub-system, the sound simulation system and the reports

production.

1.1.1. Facilities

The space where DriS is placed concerns about 75 m? and it is divided in three

rooms (Figure 1).
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Figure 1: DriS room

The bigger room is the experiences room, and as its own name says, where the
experiences are done. It contains a Volvo car, a BARCO video projector and a flat screen
(3.40x2m), where the projections are done (Figure 2). This room provided a false roof

and it is completely isolated from the outside lights.
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Figure 2: DriS experiences room

The other two rooms have more or less the same size (Figure 1) and are control
rooms, where the experiences are prepared and the simulator is developed. The control
room n?2l has inside it all the computers associated to the simulation, allow the
professionals monitoring and control all the experiences. The control room n22 is used

to save the files, the hardware and the peripherals that have not direct access.

1.1.2. Architecture

A driving station (consists on a real vehicle) and a graphic workstation compose
the general architecture of DriS (Figure 2). The graphic workstation holds the scene

database and performs the simulation and the image synthesis tasks.
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Figure 3: DriS general architecture [8]

The SGI Onyx Reality Engine 2 graphical workstation, runs in linux OS and it is

composed by a commercial computer with the following specifications:
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» Intel Pentium IV 3.0 GHz Prescot processor

» 1GB DDRAM

» Nvidia GeForce FX 5600 xt graphic card

» ATA 160GB internal hard disk

The same workstation is connected to the sound PC and to the cockpit PC by local
area network. At the same time, a Switch D-link 1010G HUB interconnects all the

systems.

DriS was developed using Genes, a virtual environment simulation toolkit. This
tool is made on top of Performer [9], a well-known visual simulation software from SGI.
Genes allows real-time image and sound generation, together with some movement and
behaviour controllers.

DriS also includes autonomous vehicles to simulate traffic and provides more
realism to the experiences in the driving simulator. The implementation of autonomous
vehicles consists on an integrated model, which allows these vehicles to work on three

different modes:

1. Being absolutely autonomous

2. Following a route imposed by an external entity

3. Having an intermediate behaviour between the 2 previous modes.

With these three modes, is achieved that the autonomous level of each simulated

vehicle could oscillate between the absolute autonomy and the total dependency.
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1.1.3. Road specifications

To create and specify the different simulation environments, WDF file texts are
used. These files allow the creation of objects, definition of roads and specify
movements and behaviours. At the same time, allow some operation with the objects:
grouping them hierarchal, associate video cameras to the objects or apply geometric

transformations (translations and rotations) to them.

Different types of definitions compose the simulating world. These definitions

are: visual objects, animated objects, objects with some specific behaviour and the road.

1.1.4. Driving station

The driving station (Figure 2) is composed by a real vehicle (Volvo 440 turbo),
which contains inside it a set of cameras and sensors to monitor the actions made by the

driver during an experience.

The steering wheel and the original pedals of the vehicle were removed, and
replaced by a specific console, developed exclusively for DriS. That console, presents
one steering wheel, the two pedals (accelerator and brake) and some other buttons. The
console has some sensors to read the pedals positions and steering wheel orientations,
as well as direction changes, ignition key and horn indicators. This console is connected

with the central computer to receive the signals collected by the different sensors.

Inside the vehicle are placed three cameras to record with a high-level of detail
the movements of the driver, the pedals and the controls (gearshift, steering wheel,
etc.). Also, another camera, which records the road, is placed outside of the vehicle, but

in the front part of the cart.

1.1.5. Image projection system

The image generated by the principal simulation system is sending to the Barco
Data 801s projector. This HD projector, with three colour projection systems

independents (RGB), allow a focus calibration independent and balanced, enabling
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1280x1024 pixel resolution images with an image update of 20 images per second, and

a frame rate of 60 frames per second.

The image is generated in the principal simulation system through a graphic
board GeForce FX 5600 xt, with 128bit Nvidia processor and 256MB of intern memory.
Then, is sent to the projector through a Barco universal VGA interface, and projected in

a white rectangle (3.40x2.00m) flat screen.

1.1.6. Sound simulation system

A sound system provides to the driving simulation more realism, once that the
real driving is “contaminated” all the time with sounds of infinite different sources. For
this, the DriS adds a sound simulation system to its architecture. This system is
composed by: a computer to generate and simulate the sound, two audio amplifiers and

four loudspeakers.

The sound system simulation is implemented in one commercial computer with
two soundboards Sound Blaster AWE32 from Creative Labs, allowing the sound
reproduction in four different channels. Three of these channels are intended for
surround sound reproduction, while the other channel is associated to motor rotation

sound.

The amplifiers are placed inside the control room, allowing the professionals to
change the volume depending on each specific situation. In order to reproduce the most
the sound heard by the driver in a real situation, the loudspeakers are distributed by the
room and inside the vehicle: two speakers are placed on the side of the front wheels,

while the other two speakers are placed inside the vehicle, behind the front seats.

1.1.7. Reports production

One of the big advantages of simulated driving versus the real driving is how
easy can be the monitoring, through reports production. The DriS allow the registration

of all the variations involved in the simulation process of the driving vehicle as all the
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other involved vehicles. The data is recorded in real time to a binary file, being

converted to a text file after the experience finish.

1.1.8. Goals and Studies

As we said before, DriS is being developed by a large team of researches in
different areas, as computer systems, image analysis, computer graphics, civil

engineering and psychology.

The main goals of this project is studying the driver’s behaviour and road
analyses under conditions that are difficult or almost impossible to reproduce: risk
situations, accident, new roads, new managing systems, new road signs and new vehicle

models.

To study the goals presented above, some studies and experiences were done.

Follows, is presented a list of some different studies done with DriS.

= Vehicle’s motion detection with current self motion with three kinds of road
pavement: concrete pavement, bituminous pavement and bituminous

pavement with chromatic bands.

= Evaluation of the influence of external publicity panels in driving

performance.

» Evaluation of driving education methods.

1.2. Context

This thesis arises from the professional’s need of study the video results and the
reports of the experiences. With a video-monitorization system, which can be a video
application that allows reproduce and analyse all videos (four at the moment) and the
report (text file) generated in each experience, could be more easy to understand and

make conclusions of the driving experiences behaviour.
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1.3. Thesis Goals

The main goals of this research thesis are:

= Make a study to determine which programming language or library could be the

best to develop a video application.

» Develop a video-monitorization system able to open a directory with four video
files and one text file and reproduce them at the same time. This system should

allow the users to navigate through the videos, using a time slider.

= Make a user tutorial, to explain the researches which is the best way to use this

application.

1.4. Outline of the Thesis

This thesis is organized as follows:

Chapterl Presents the DriS simulator, its architecture, main goals and some studies
done with it. The main context, main goals and timeline of this thesis are also presented
in this Chapter.

Chapter 2 introduces the basic concepts of driving simulation and some aspects of
their history as well as some examples of the most advanced driving simulators around
the world.

Chapter 3 presents and explains the two more important software tools that were
consider to implement the main objective of the thesis. Also this chapter contains the
advantages and disadvantages of each tool and a conclusion in which is explained the
tool that was chosen to develop the video-monitorization system.

Chapter 4 explains some experiences with the software tools mentioned in Chapter
3, justifying which tool will be used in the implementation of the thesis solution. Also, is
presented in this chapter the whole structure of the application implemented.

Chapter 5 includes the conclusion of all the work that was done and some ideas and

improvements that could be implemented in the future.
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1.5. Timeline

Being the main objective of this thesis the development of a video-monitorization
system for a realistic video simulator was needed to divide the work in small tasks in
order to complain the objectives proposed and make a good application.

In the next page, is presented a timeline with all the tasks that were development
and its duration, start and finish dates. The timeline is presented in weeks, due to the

big duration that were needed to complete the objectives of this thesis.



DriS Timeline

Task Start | Finish | Duration | October | S | S S EmE—

cwaz2lcwa3]  cwaa  Jewas[cwas[cwaz]  cwas  Jowas[cwsofcwsifows2]  cwi Jow2 cwWa CW6 [ cw7
First contact with DriS. Visit the utilities, reading of papers, etc.| 15/10/13 | 03/11/13 2w5d
Define the objectives and specs. the app should achieve. 04/11/13| 14/11/14 1w3d
Choose the programming language and possible tools. 15/11/13| 19/11/13 ad
Study and learning OpenCV 20/11/13| 19/01/14 6wad
Christmas holidays 23/12/13| 05/01/14 2w
Experiences with OpenCV 20/01/14 | 14/02/14 3wad

February March _ April _ May June
Study and learning Qt 15/02/14( 31/03/14 6w
Experiences with Qt 01/04/14| 20/04/14 2w5d
Application development (+ tests) 21/04/14 | 28/07/14 14w

June July August September
[cwaz2[cwaa]cwaalcwas

Application development (+ tests) 21/04/14 | 28/07/14 14w
Writing final report 01/08/14| 15/09/14 6w3d
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State of art

The first driving simulator system appears in the early 70s. The main cars
constructor companies in the USA take advantage of the graphic and computing
developments made by NASA in the space career, as well as by the technology
developed by the US air force in the military first flight simulators. Using these
developments, the car companies built their own driving simulators, first in USA and
then in Europe.

Nowadays, there are two mainly lines of development about driving simulators:
» Driving simulators for commercial purposes
» Driving simulators for research and development functions
The architecture of both types of simulators depends on the cost restrictions and the

intended application. The most commonly architecture for a driving simulator is based

upon a real car in front of a fixed screen where a virtual world is projected (Figure 5).

11
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Figure 4: Southampton University's simulator

Other common architecture is the one that introduces a special platform in the
scene. This device usually consists in a piece of vehicle cabin controlled by some electro
motors that allow the cabin motion in the three spatial dimensions. In this model, the

screen can be placed inside the cabin, and it is composed by several monitors (Figure 6).

Figure 5: EDAS Driving Simulator

The third type of architecture, and the most expensive, includes a real vehicle cabin

inside a mobile platform (Figure 7).

12
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Figure 6: Toyota Driving Simulator

Besides these three main types of driving simulators seems very different (and they
are), there is some common components to consider in all driving simulators. In the

following section will be described them.

2.1 Common components in all driving simulators

Usually, the five principal components in a driving simulator system are: vehicle

model, visuals, motion, traffic and scenarios & instructions.

» Vehicle model: At the beginning, driving simulators used simple, special
purpose vehicle models, but nowadays vehicle models approach perfection and
simulators can use the same models, software tools and programming languages
that car engineers use in the design of their vehicles. This, in a commercial
context allows studying the comfort, design and security of a vehicle even in the

design phase.

» Visuals: Driving is a visual dominant task, and present a good visual experience
is an important issue in the driving simulators. The fist driving simulators used a
camera monitor system hovering a conveyor belt or a maquette. This allowed
that the texture of the visual environments recorded on the video was presented

with a low resolution as you can see in the figure 8.
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Figure 7: First visual environments for driving simulation

With the improvements in the computer graphics, the visuals in the driving
simulators improved as well, making realistic the driving experience to the user,
by adding to the scenario natural and detailed textures, people and objects

(Figure 9).

Figure 8: Modern visual environment for driving simulation

Motion: While visual perception plays a very important role in a lot of driving
tasks, we should consider as well the vestibular perception, which is very
important in the control of the vehicle. Cars move strongly and usually exhibits
large linear accelerations while accelerating, breaking or in curves. This
movements are very complex of reproduce, so even the most advanced driving
simulators have difficulties in being realistic in this kind of simulations. The
NADS [1] or Toyota [2] driving simulators (described in the following section)
could be some good examples of simulators, which reproduce in very realistic

way the motion of a vehicle.

14



» Traffic model: As we do not drive in completely isolation on the road, the traffic
models are an important part of the driver experience. It exists a lot of traffic
models, like a car moving over a track, an intersection or a roundabout for
example. To be acceptable, the traffic model has to reproduce driving behaviour

at the control, the manoeuvring and the strategic level.

» Scenarios & instructions: One of the big advantages in the driving simulators is
that you can choose the scenario, the traffic and the obstacles that you want to
appear during an experience. This allows to study and to train the driver

amongst the different obstacles that he can have during a real drive.
2.2. Examples of real driving simulators
The following section presents some of the most important diving simulators in the
world [3], organized geographically:
USA simulators:

= NADS-1: Developed at University of lowa is one of the most advanced ground
vehicle simulator at the moment. It consists of a large 24-foot-diameter dome in
which entire cars, or cabins of other vehicles can be mounted (Figures 10 and

11).

Figure 10: Inside of NADS

Figure 9: NADS-1 driving simulator
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At the same time, the motion subsystem, in which the dome is mounted, provides
horizontal and longitudinal travel and rotation. This, allow the users feel
acceleration, breaking and steering cues as if the drivers were driving a real car.
However, as showed in the figure 12, the display system is in 2D, so the depth
perception of the driver is very limited, affecting to his reactions as distance,

speed and time are key issues while driving.

Figure 11: NADS-1 visual system

DES: This simulator born under the HumanFIRST program at the University of
Minnesota [4]. The most important difference between this simulator and the
model before is that this one has not any movement in the cabin, in spite of the
fact that is formed by a real car too. The only movement that the DES provides is
the car body vibration and a three-axis electric motion system, which create Z-
axis motion with a limited range of movement. Other difference consists in that
in DES, the visual scene is projected to a high-resolution five channel210-degree
forward field of view with rear and side mirror views are provided by a rear

screen and LCD panels (Figure 13).
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Figure 12: DES Driving Simulator
European simulators:

» Sweden: One of the most important simulators developed in Europe was
developed in VTI [5] and is one of the first driving simulators to allow different

degrees of freedom in the simulator. It’s very similar to American NADS.

.

3 4

P

7,
-

Figure 13: VTI Driving Simulator

= UK: Other important driving simulator could be found at the TRL [6]. This
specific one offers a variety of validated test scenarios and works in studies
about drugs and energy drinks effects in conduction, motorway road works and

speed management systems among other applications. Another interesting
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development in driving simulators can be the TDTS, also in UK, and consists in a

dynamic truck cabin plus a wide display screen (Figure 15).

Figure 14: UK Truck Driver Training Simulator

Other countries simulators:

Japan: In Japan, in 2007 Toyota developed its own driving simulator (Figure 7),
very similar with the NADS-1. The simulator consists of a real car positioned on a
mechanical platform inside a 7.1meter dome. A tilt mechanism, vibration
apparatus and other devices manipulate the dome as the driver operates the
vehicle. The dome, as happens in NADS, acts as a giant 360-degree video scree,
simulating a real driving experience that includes a sense of speed, acceleration a
riding comfort with sound effects thrown in to complete the virtual driving

experience.
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Implementation tools

After presenting the DriS simulator, is easy to understand one of the researchers
needs when they have to compare the videos and the reports made by DriS of the same
experience. It would be easy for them to have a tool where all the videos and the file text
are presented at the same time, and for this reason was decided to create a video
application which provide them an easy way to study the experiences.

Before develop the video application, some implementation tools were studied,
being stronger the idea to analyse the OpenCV [10] and QT libraries [11], due to both

are open source and cross-platform, two good features to have in a research application.

3.1. OpenCV

OpenCV (Open Source Computer Vision) is a well-known computer vision library,
developed by Intel in 1999. It works under BSD (Berkeley Software Distribution)

license, so is free for academic and commercial use. At the same time it is cross-platform
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(works in Linux, Windows, Mac OS and Android) and has included the C++, C, Phyton,
Java and Matlab interfaces.

OpenCV was built to provide a common infrastructure for computer vision
applications and to accelerate the use of machine perception in the commercial
products. At the same time is optimized for computational efficiency with main focus on
real-time applications including approximately 2500 different computer vision
algorithms. These algorithms can be used for multiple tasks, as face detection and
recognition, objects identification, camera movements and moving objects tracking,

extract 3D models of objects, etc.

QOpenCV Qverview: >500 functions

opencv. willowgarage.com

m . General Image Processing Functions |

s e B P :
" | descriptors R _
" L=l " | calibration,
h‘ =EZ=F J ‘_2_ - | Stereo, 3D
‘ Ny
Utilitiesand
| Data Structures

+Detection,
* Recognition

e - - am'xMath W [L

" — W

Figure 15: Some algorithms provided by OpenCV

This software has a modular structure, so the package includes several shared or

static libraries. The most important of them are the following modules:

» Core: in this module, basic data structures and basic image processing functions

that can be use by all other modules are defined.

» Imgproc: this module includes basic image processing algorithms as image

filtering, histograms, image transformations, colour space conversion, etc.

» Highgui: provides simple user interface capabilities, several image and video
codecs, image and video capturing capabilities, manipulating image windows,

handling track bars and mouse events, etc.

» Video: video analysis module, which includes motion estimation, background

subtraction and object tracking algorithms.
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» objdetect: its main function is the object detection and recognition (faces, eyes,
etc.) of standard objects.

With all of these modules and more libraries that you can see at [12] can be easy to

imagine the amount of good computer vision applications that OpenCV allows to

develop; but as everything, this library has its good and bad things that are summarize

in the following sections.

3.1.1. Advantages

» Free: as we said before, OpenCV is an open-source library working under BSD
license, being easier to obtain than some other applications (Matlab for

example).

= Cross-platform and portability: this library works in all computers,

wherever the OS of the device, so could be easy to port applications from one

OS to another.

= Speed: OpenCV is basically a library of functions written in C/C++, so it is
closer to provide machine language code to the computer to get executed,
getting more image processing done for the computers processing cycles. As a

result of this, programs written in OpenCV are quite fast.

3.1.2 Disadvantages

= Memory manager: in OpenCV, every time that a piece of memory is allocated,
is mandatory to release it again. Saying in other way, if this piece of memory is
allocated in a loop the program will use a growing amount of memory until it

crashes from no remaining memory.

* Integrated Development environment: OpenCv has not an integrated

development environment (IDE), so for each OS the user is free to choose
which IDE to use. Usually, in Windows the developers use Microsoft Visual
Studio or NetBeans; in Linux, Eclipse or NetBeans as well; and in Mac OS

Xcode.
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= Difficult to learn: to use properly OpenCV and make a good application, the

developer should read and learn a lot about OpenCV and should have a good
knowledge of a high level language and image processing algorithms, making

the learning curve steeper.

= User Interface: the possibilities that OpenCV offers in terms of user interface

is very poor, so to make a good and friendly application is better to use other

user interface frameworks.

3.1.3. Conclusion

OpenCV is a very complete and in constant development advanced computer
vision library, that allows the users to develop optimized apps for real-time
applications. It is almost written in C/C++ to make faster the implementation and it
works in the most important OS: Windows, Linux and MacOS. Due to its complexity to
learn the basics of OpenCV and due to has not got integrated a development

environment, which make harder its installation, some users desists to use this library.

As the purpose of this thesis is making a video-monitorization system
application using no real-time videos, and as a video application should have a very
friendly user interface that OpenCV does not support, was decided (after doing a few

experiences, explained in the next chapter) to not use OpenCV.

3.2.Qt

Qt is a full-developed GUI framework with tools designed to optimize the creation of
applications and user interfaces for different platforms and operation systems, being a

cross-platform framework easily to port from one OS to another (Figure 17).
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Figure 16: Operative systems in which Qt works and can be ported

Qt framework provides to the developer: cross-platform C++ class libraries, choice
of user interface approach (Declarative, C++, HTML5) and an integrated development
environment (Qt Creator). The Qt Creator is an integrated development environment
(editor + compiler + debugger) easy to use, efficient and free that allows the
development of applications in different OS. This IDE, uses the C++ language, allows the
visual and event-controlled programming, provides a syntax highlighting and code

completion, is context sensitive help, etc.

Main menu g

Visualization
modes

Workspace
s
Tutorialg (£
q. g n
> ) )
A y = = E
I s
Select compilation . .
DE Overview User Interface Buiding and Running an Start Develdp

Example Application

mode

Execute
Debug
Built

See the output

Figure 17: Qt Creator
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Regarding the features listing above, can be consider that the two main features that

Qt has is its visual programming and its event-control programming.

Visual programming

Qt allows the developer to be focused on design the user interface of the
application, the visual elements distribution (widgets) the interaction between them,
the different kinds of existing windows, etc. Basically, allows the developer designs the
graphic layout of the application following the rule: “What you see is what you get”
(WYSIWYQG).

One important part of this visual programming is composed by the widgets (as
we said before). Widgets are primary elements for creating user interfaces in Qt. They
can display data and user information, receive user input and provide a container for
other widgets that should be grouped together. (Figure 19) A widget that is not

embedded in a parent widget is called a window.

— Appointment Details

QGroupBox
parent widget - =1 QDateEdit
[21 58P 2003 e child widget
01:30:00 PM 41— QTimeEdit
child widget
QLabel [Meeting room 1 ~+— QLineEdit
child widgets child widget

Developer meeting
A brief meeting to check the status
of each project in the development

department.
QTextEdit

child widget

Figure 18: Example of a QWidget object

Event-controlled programming

Qt includes a different way than others GUI frameworks to make the
communication between objects. It uses signals and slots. A signal is emitted when a
particular event occurs, and a slot is a particular function, called in response to a
particular signal. In that way, the developer can assign as many signals as he want to the

same slot, and also can assign the same signal to several slots (Figure 20).
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4 Obiectd ") connect( Object1, signal1, Object2, slot1)
! connect( Object1, signal1, Object2, slot2)
signall
signal2 [ Object2 h
signal1
——Jp slotl
——pp  slot2
( Object3 )
signal1 - connect( Object1, signal2, Object4, slot1)
( Objectd
slot1
e slotl
slot2
———————— P slof3
connect( Object3, signal1, Object4, slot3) ;J

Figure 19: Communication flow between

Objects using signals and slots

The signals and slots mechanism is type safe, which means that the signature of
signals and related slots should match, although the slot may have a shorter signature

than the signal it receives due to it can ignore extra arguments.

Objects emit signals when they change their state in a way that may be interested
to other objects. Actually, it does not care whether anything is receiving the signals that
the object emits, making this true information encapsulation and ensuring that the

object can be used as a software component.

Slots are normal C++ functions used for receiving signals that do not know if they
have any signals connected to them. When different slots are connected by the same
signal, the slots will be executed one after the other, in the order that they were

connected, when the signal is emitted.
Some examples of programs created with Qt libraries are: Adobe Photoshop

Album, Google Earth, KDE, Opera, Skype, VLC, Windows Media Player, and a lot of more.

Qt easy usability and good results both in user interface and in performance make that
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each time more developers and companies use the Qt libraries to develop their

applications.

3.2.1 Advantages

» Free: although Qt has a paid commercial framework, that offers more
possibilities to developers, allows a free download and use of most of their

libraries, as said before.

= Cross-platform: it is cross-platform, allowing the development of the app in

any OS. Also, Qt uses the system’s resources to draw windows, controls, etc. to

provide a native look to the applications.

= Easy to port: besides been cross-platform, Qt allows to port in an easy way

the applications from one OS to another.

* Integrated development environment: Qt has integrated QtCreator, its

integrated development environment. That environment has some
advantages, listed in the section above, that make easy the development of the
apps using Qt. Also the Qt Creator has integrated a help mode with lot of
documentation about different classes, examples, etc. in order to help the

users in an easy and fast way.

= QOpen source: Qt is open source and is developed by the Qt Group at Nokia, so
a very important enterprise maintain it with support from the community and

ensuring its evolution.

3.2.2 Disadvantages

= Difficult to learn all the possibilities: Qt offers a lot of possibilities and

functions. The number is so high that is complicated to know, remember and

understand all of them without external help.

= Database drivers: there are some problems with installing database drivers.

Is not really Qt’s fault, but it would be better if there were a way to do it in a

simpler way.

26



Video-monitorization system for a realistic driving simulator

= Compilation: Qt requires a lot of disk space for compilation, mostly due to
WebKit tool. That could be a big problem if the computer used for develop the
app has the hard-disk full.

3.2.3 Conclusion

Qt library is an open-source and cross-platform user interface framework that
provides an easy way to develop friendly user interface applications, helped by its

integrated development environment QtCreator.

QtCreator provides a very good documentation of all the Qt classes, signals, slots,
functions, etc. making easier and faster to the developer learn and uses Qt. Also has

another good features, named above, as highlighted syntax and code completion.

The new way that Qt allows the communication between objects by signals and
slots, also make easy to the developers the implementation of their applications. But
this way of communication could be slightly slower than callbacks [13] (the way that
others toolkits achieve this communication between objects), because emitting a signal
that is connected to some slots if approximately ten times slower than calling the
receivers directly. Although this way of communication is slower, the difference for real

applications is insignificant.

As Qt provides a very good GUI designer to make user-friendly applications, an
easy way to port the programs to other OS, a lot of multimedia libraries to reproduce,
modify, create, etc. multimedia files and programs, an easy installation of the libraries
and the QtCreator, we decided to proceed with this program to made the video-

monitorization application for DriS (objective of this thesis).
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Video-monitorization

system

To fulfil the needs requested by DriS researches to analyse each one of the
experiences made in the driving simulator, was decided to implement a video-

monitorization system, which consist in a video application and a text reader.

Four video screens and a text reader compose the application. The objective of the
video screens is reproduce the four videos recorded in each experience (the road, the
driver, the pedals and the controls). The application allows reproducing each video in

one screen, to see them at the same time.
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Figure 20: DriS video application

The text reader objective, in the other side, is to display in the screen and read a text
file that contains some important data of the experience as could be the time, the X, Y, Z

position, etc.

All the video screens and the file data are time-synchronized and could move them
forward and backward using a time slider. The application also includes an “Open Files”
button to load the videos and the text file into the video-monitorization system. For this,
all the files should be in the same folder, and the system will open all the files in the

folder instantly, without having to load one by one the files.

4.1 Experiences with different software tools

Before start to implement the video-monitorization system, we take a time to decide
in which programming language will be implemented the video-monitorization system.
The language that has chosen was C++, due to its good performance in multimedia

applications.

Then, were defined the layout and the functions that the video-monitorization
system may have. Basically, it consists in an application that open and reproduce at the

same time four videos and one file text recorded in driving experience inside the DriS. A
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time slider handles this videos and the file text, allowing the user to move them forward

or backward.

After, as explained in the chapter before, were considered two powerful tools to help
us make the video-application: OpenCV and Qt (both written in C++). After some
experiences explained below, and after comparing advantages and disadvantages of

both of them, we choose to use the Qt library.

4.1.1 Experiences with OpenCV

At the first time, was considered to use OpenCV to implement the app, based in
all the good features that it provides in computer vision application (see the chapter 2

to read about it).

The first step was went to the OpenCV web page (http://opencv.org/) and
download the OpenCV version 2.4.8 for i0S, since the computer used for develop the
application was a MacBook Pro. Was used this version of OpenCV for being the most
recent when the implementation starts, although this version does not provide mayor

changes that affects our implementation.

After this first step, were installed the OpenCV in order to works with Xcode.
This was the most difficult task before programming, due to some problems that arises,
and that will be explained after in this section. To install the OpenCV in an easy way to
works with Xcode, first, is needed to install MacPorts [14], or Homebrew [15] or CMake
[16]. The three of them are software package managers that simplify the task of
compiling and installing open-source software on Mac OS. Depends on which of them
the user chooses, the OpenCV installation way changes [17], [18]. At the beginning, was
try to use MacPorts but when compiling a program, an error appears and were not
allowed to compile the program. Then, was try with Homebrew obtaining the same
result, so after some researches and reports read, the decision was to install CMake, and
when try again to compile the file, there was no error and the program compilation was

fine.

30



Video-monitorization system for a realistic driving simulator

Once that OpenCV have worked fine with Xcode, was started to write some code
to make the video application. These first lines of code are irrelevant for this paper,
because the development using OpenCV was almost zero. One relevant thing that was
found using OpenCV, was that the GUI using by it was very poor, and for the video-
monitorization system was defined a very complete GUI as a must to have. Also, this
system is not conceived to use real-time videos, which are one of the strengths of

OpenCV.

4.1.2 Experiences with QT 5.2.1 & Qt Creator

As was decided not to use OpenCV, and the application that will be implemented
must have a very good and friendly user interface, was decided to use Qt library with its

integrated development environment, Qt Creator.

Was downloaded from the Qt project web page (http://qt-
project.org/downloads) the Qt 5.2.1 and the Qt Creator 3.0.1. As the installer package
has an installation helper, the install of these tools was very quick and easy. This version
of the Qt has some new features than older versions does not have, and were important

for the development of the app. Some of them are:

= User interface: in this version, the developers could develop applications

with intuitive user interfaces for multiple targets, faster than before.
* Multimedia: the new library QtMultimedia, provides a rich sets of QML types
and C++ classes to handle multimedia content. This module it is part of the set

of essential modules with support on all major platforms.

= Modularized Qt libraries: now, the Qt libraries are split into domain specific

libraries and modules, allowing to each application to choose which libraries it

requires and only compile, use and deploy those.

= Widgets: the Qt Widgets are in this version separated into their own module,

the Widgets module, which is part of the essential modules.
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After installing the Qt tools (Qt Creator and Qt 5.2.1), was made a big research

work to meet as many Qt modules and libraries as possible, in order to make easier and

faster the implementation of the application. The main modules are the following:

QtCore: core of non-graphical classes used by other modules. [19]

QtGui: base classes for graphical user interface (GUI) components, including

OpenGL. [20]

QtMultimedia: classes for audio, video, radio and camera functionality. [21]

QtMultimediaWidgets: widget-based classes for implementing multimedia

functionality. [22]

QtWidgets: classes to extend Qt GUI with C++ widgets. [23]

QtNetwork: classes to make network programming easier and more portable.

[24]

Qt QML: Classes for QML and JavaScript. [25]

QtQuick: framework for building highly dynamic applications with custom

user interfaces. [26]

QtQuickControls: reusable QtQuick based user interface controls to create

desktop-style user interfaces. [27]

QtQuickDialogs: types for creating and interacting with system dialogs from

a QtQuick application. [28]

QtSQL: classes for database integration using SQL. [29]

QtTest: classes for unit testing Qt applications and libraries. [30]
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For the development of the video-monitorization system, were only used some of

these modules, as explained in the section below, and not all of them.

4.2 Video-Monitorization System development

Before going deep into the classes and the code that was developed to make the DriS
application, will be explained the basis of how to make a Qt project, having as an
example the DriS application.

To make a new app in Qt, the efficient and faster way to do it is using QtCreator, as
explained before. In this development environment, a wizard helps the users step by
step to make a new application. On the first step, is needed to choose which kind of

application will be created.

Qt allows choosing between many types of templates, from desktop to Android, iOS
and Blackberry, to develop the applications. The DriS application was thought to be a
desktop one, having to choose between one of the following templates shown in the

image below:

800 New
Choose a template: | Desktop Templates
Projects [ Qt Widgets Application .
S ) . L Creates a project containing a single
Applications <71 Qt Quick Application main.cpp file with a stub
Libraries Qt Console Application implementation.
Other Project E HTMLS Application Preselects a desktop Qt for building
Non-Qt Project <] Qt Quick Ul the application if available.
Import Project Supported Platforms: Desktop
Files and Classes Android i0S
C++
BlackBerry
Qt
GLSL
General
Java
Python

Cancel | Choose...

Figure 21: Qt Creator Desktop Templates

=  QtWidgets Application: uses Qt Designer forms to design a Qt widget based

user interface for the desktop and C++ as programming language.
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= Qt Quick Application: creates an application that contains both QML and C++

code. The project includes a QDeclarativeView or a QQuickView. This type of
project allows building the application and deploying it to desktop and mobile

target platforms.

= Qt Console Application: uses a single main.cpp file. DriS application is of this

type of application.

= HTML5 Application: uses a QtWebKit view to design the user interface and

HTMLS and C++ code to implement the application logic.

= Qt Quick UI: uses a single QML file that contains the main view. This kind of
projects could be reviewed in a preview tool and is not mandatory to build them.
Also, is possible not to have the development environment installed in the

computer to create and run this type of projects.

Once that the type of application is chosen, the wizard guide the users through few
more steps where is defined the location for the project and specified settings for it.
When all the steps are completed, QtCreator automatically generates the project with
required headers, source files, user interface descriptions and project files, as defined

by the wizard. In DriS application case, was created a main.cpp file and a Dris.pro file.

This .pro files stores the different classes and files that will be in the project, the
libraries and modules that will use the project and the way in which the project will
compile (the name of the project). The DriS.pro, for example has the following

architecture:

34



Video-monitorization system for a realistic driving simulator

QT += widgets \
multimedia \
multimediawidgets \
core \

TARGET = Dris
TEMPLATE = app

SOURCES += main.cpp\
videowidget.cpp \
player.cpp \
controls.cpp

HEADERS += videowidget.h \
player.h \
controls.h

Figure 22: DriS.pro file structure

= QT section: contains the modules that the whole application will use. With the
function +=, modules are added. To remove them is possible to use the function -
=, or directly remove it from the code. These modules could be added during the
development of the application. DriS application only uses four modules: QtCore,

QtWidgets, QtMultimedia and QtMultimediaWidgets.
» TARGET: where is defined the name of the application.
» TEMPLATE: defines the type of the application.

= SOURCES: all the .cpp classes that the application contains. The sources are

added automatically to .pro file when created.

= HEADERS: all the .h headers that the application contains. As the sources, the

headers are added automatically to .pro file when created.

In a QtConsole Application, at the beginning, only this .pro file and the main.cpp are
created, and when the developer needs, the other classes are created. In DriS
application, only .cpp classes were created. Create a .cpp class in Qt Creator is very
simple and the same wizard than before (Figure 22) could help the developers, after
following this flow in the toolbar: File > New File or Project. Choosing the C++ class

option, will appear a C++ Class Wizard, that allows to create a C++ header and source
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file for the new class, with only specify the class name, base name (optional), base class

and header and source files for it.

e 00 C++ Class Wizard

. Enter Class Name
E> Details

Summary The header and source file names will be derived from the class

name
Class name: hello
Base class: v

Type information: | None

Header file: hello.h

Source file: 'hello‘cpp

Path: |/Users/lauradapena/QTProjects Choose...

Cancel | | Continue |

Figure 23: C++ Class Wizard

After explaining how to add classes to a project in Qt Creator, it can particularize this

process for DriS application.

One main class and three other classes, with its respective headers, compose DriS
application. These classes are: VideoWidget class, Controls class and Player class. All of
them are C++ classes, as expected, and its functionality and structure will be explained

just below.

4.2.1 VideoWidget class

This class creates a QVideoWidget object. The QVideoWidget class, provide a
Widget, which presents video produced by a media object, and inherits the QWidget and
QMediaBindablelnterface classes. It belongs to the QtMultimedia module, new in 5.0 Qt

versions.
Attaching a QVideoWidget to a QMediaObject, allows it to display the video of

image output of that media object. A QVideoWidget is attached to media object by
passing a pointer to the QMediaObject in its constructor, and detached by destroying
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the QVideoWidget. Only a single display output can be attached to a media object at one

time.

Once that the QVideoWidget object is created, was used the class QPalette, to
create a palette object which set to black the window that is entire occupied by the

QVideoWidget object. The result could be seen below:

Figure 24: QVideoWidget object

Basically, a black screen is appeared in the screen. For the purpose of DriS, was
pretended to have four of this black screens, each one reproducing one different video,

but this process will be explained better in the Player class section.

4.2.2 Controls class

As this thesis consists in create a video application to monitor the experiences
made by the drivers in a driving simulator, and usually the video applications has some
common buttons to hold the video reproduce, was made a class that keeps all the video

application controls together.

This class generates a QWidget object, which will include three QAbstractButton
buttons: play, stop and mute. For this version of DriS application were only consider
these three buttons. The play and stop buttons are essential in any basic video
application and the mute button was added to allow the users of the application not to

hear the sound of the four videos at the same time.
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The QAbstractButton class is the base class of button widgets, providing common
functionality to buttons. As this class implements an abstract button, subclasses of it,
handle user actions and specify the style of the button. QAbstract Button allows support
for checkable buttons (QRadioButton and QCheckBox) and for push buttons
(QPushButton and QToolButton).

Our three buttons are push buttons, from QToolButton class. This kind of buttons
provides quick-access to specific commands or options, and as opposed to a normal

command button, a tool button usually shows an icon instead shows a text label.

Tool
(\\:11:11;111d( Open Files @/lmuun

button

Figure 25: Different types of buttons

The buttons will be positioned in the wigdget, creating a QBoxLayout layout.
QBoxLayout class lines up child widgets horizontally (our case, using QHBoxLayout) or

vertically (using QVBoxLayout).

As this buttons are made to control a QMediaPlayer object (explained after in the

Player class), the QMediaPlayer should be part of the Controls class.

The functionality that QMediaPlayer has in this class is to allow inherit some
signals and slots to allow the communication between objects. Also, was used its
function state(), to know the current state of the QMediaPlayer object and implements

the buttons functionality depends on it. Only three states are defined for a media player:

= Stop: The media player is not playing content. Playback will begin from the

start of the current track.
= Play: The media player is currently playing content.

= Pause: The media player has paused the reproduction of the track. Playback

of the current track will resume from the position the player was paused at.
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The QMediaPlayer, also provides some slots, signals and functions to control the

mute button.

To control the behaviour of this three buttons, some methods were implemented
and signals and slots were connected. Just below, could be found the explanation of each

button’s behaviour.

= Play button (play mode > ): This is the play button default mode. Clicking

in this button, the media player will start the reproduction of the media, and
the play icon will change to the pause ™ icon as well as the stop icon will
be enabled. Also, if the media player is stopped or paused, after clicking in
play button the media will be reproduced again. Summarizing, only in two
situations the play button (play mode) can be clicked: to start the
reproduction (new one or stopped one) or to continue the reproduction after

paused.

= Play button (pause mode "' ): When the media player is currently playing

the track, the play button is on pause mode. When clicked this button, the
reproduction of the track will stop and the pause icon will change to player
icon > as well as the stop icon will be enabled. This button is only clickable

when the media player is currently reproducing a track.

= Stop button: The stop button only is enabled ™ when the media player is
reproducing a track or if it is paused. Otherwise, the stop button stays unable
= . Clicking in this button, the signal stop() is triggered, stopping the
playback of the track and forcing the reproduction from the start of the
current track. Always, when this button is clicked, automatically the player
button changes to player mode >/, regardless of its previous state (play or

pause).

=  Mute button: When mute button is clicked, )| the sound of the

reproduction stopped. Also, the icon changes from this icon when the

sound is enabled to this icon Ne when the sound is unabled. The default

state for this button is to be unable (the sound is enable).
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All of this buttons do not make sense without a media player object, which will

be described in the section below.

4.2.3 Player class

The player class is, with the main class, the most important class for this
application. In this class, all the needed objects are created and is defined their
behaviour too, at the same time that the final layout is composed. The headers for
Videowidget class and Controls class are included in the Player class, in order to use
video widgets objects and the buttons defined in the Controls class to construct the

application.

The Player class will create a QWidget object, which allows the reproduction of
DriS videos and the file text with the results of the experiences, at the same time. For
that, the layout of the widget was divided in 5 main parts: four video widgets objects in

which reproduce the videos and one QTextEdit object in which shows the text file.

At the first point, will be explained how was created the players to reproduce the
videos. Then, how these videos were open, loaded, reproduced and synchronized and

after that, the missing part related with the reading and synchronization of the text file.

Video players

Were created four QMediaPlayer objects, and four QVideoWidget objects to

achieve the reproduction of the four DriS videos.

The QMediaPlayer class inherits the QMediaObject class and allows the playing
of a media source. This class is a high-level media playback class that can be used to
reproduce different content as songs, movies, etc. The content to playback is specified
as a QMediaContent object, which can be thought of as a main or canonical URL with
additional information attached. In this project, we also use the QMediaPlayer with

QVideoWidgets with the purpose of video rendering.
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As just said, the created media player objects (playerl, player2, player3 and
player4) and the created video widget objects (videoWidgetl, videoWidget2,
videoWidget3 and videoWidget4) are completely related. Was used the QMediaPlayer
function setVideoOutpu(QVideoWidget *output) to attach each video widget output to
the related media player (playerl -> videoWidget1, player2 -> videoWidget2, and so
on). If the media player has already a video output attached, will be replaced with a new

one.

Once that the media players and the video widgets were connected, was created
a layout to present them well organized in the player. For this, were defined two
horizontal layouts (QHBoxLayout) and a vertical one (QVBoxLayout). In the horizontal
ones, were presented in one layout the videoWidget1 and the videoWidget2, and in the
other, the videoWidget3 and videoWidget4. The vertical layout reorganizes these two
horizontal layouts, being the videoWidgetl and videoWidget2 in the top part of the

screen. Follows is shown, an image of the layout at this part of the development.

Figure 26: Video widgets layout
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Open and loading videos

To allow the application to reproduce the videos, first was implemented a
function which allow the user to choose which videos wants to reproduce. For this, was

defined an “Open Files” button and the method open() to allow open the files.

The “Open Files” button is a QPushButton, that when is clicked, it calls open()
method. Basically, a QPushButton is a command button (Figure 26) . That means when
clicks this button, allows commanding the computer to perform some action or to
answer a question. Usually, this buttons are rectangular and displays a text label
describing its action (Open Files in our case). The push button emits the signal clicked()
when it is activated by the mouse (i.e., pressed down then released while the mouse
cursor is inside the button) and then execute open() method, which will be explained
few lines below. This button was added to the general layout too, and the result can be

seen in the Figure 28.

As said before, after clicking the “Open Files” button, the open() method is calling.
This method allows the user to choose which files will be first loading and then
reproduced in the application. To facilitate the users choose the files, was establish the
following condition: the five files could be saved in any folder, and what the application
open will be that directory, avoiding the user have to open the five files one by one. For
this, is mandatory that the videos be saved with the following names: Cameral.avi,
Camera2.avi, Camera3.avi and Camera4.avi. Also, the file text must be named
FileText.txt. If the files have other name, the application will not load and open the
videos, and if in the folder there are more files, the application will open only the ones

with the names explaining above.
The open() function uses the QFileDialog to allow choose a directory and

indicate which one should be opened. The QFileDialog class provides a dialog that

allows users to select files or directories (Figure 28).
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006 Open Folder
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Figure 27: Dialog that allows choosing a directory

In our case, the static function getExistingDirectory(QWidget* parent=0, const
QString & caption = QString(), const QString & dir = QString(), Options options =
ShowDirsOnly) will return an existing directory selected by the user, after the native 0OS
file dialog is open. This function creates a modal file dialog with the given parent widget.

For DriS application, the values of these arguments are:

Arguments Value

Widget * parent = 0
QWidget * p this (i.e.: player)

(In which widget the file dialog will be opened)

const QString & caption = QStrin
Q 8 P Q 80 tr(“Open Folder”)

(Defines the name of the file dialog)

const QString & dir = QString()

“ home"
(Predefines the directory in which the file dialog will /

open)

Options options = ShowDirsOnly o _
QFileDialog::ShowDirsOnly

(Different options about how to run the file dialog)
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Once that the application allows the user to choose which directory wants to
open, should allow him to load the videos in each video widget of the application. For

this, we proceed in the same way for the four videos:

1. Was concatenated the directory and the names of the video files, composing a

QString. Example: folderName + “/CameraX.avi”. Where X can be 1, 2, 3 or 4.

2. Then, each one of the players set the media that will be reproduced in each
video widget, as we explained in the beginning of this section. The
setMedia(const QMediaContent & media, QIODevice * stream = () function
holds the active media source being user by the player object. This player
object will use the QMediaContent for select the content to play. In DriS
application, this function constructs media content with url providing a

reference to the QString explained in 1.

Is worth to mention that the video with the name Cameral.avi, will be loaded
and reproduced in the videowidget1, the one with the name CameraZ2.avi, will be loaded
and reproduced in the videowidget2, and the same with the other two videos

(Camera3.avi = videoWidget3 and Camera4.avi - VideoWidget4).

Reproduce and synchronize videos

Once that the videos are already loaded in each video widget, was needed to
make them reproduce together and at the same time. For this, was necessary to import
the Controls class and connect the controls with the players and video widgets and to

add some other widgets and functionalities.

To connect the controls with the players were used the signals and slots (as to
connect the other objects). In this case, was necessary to repeat for the four players the
same concept, based in the current status of one of them (the four videos should have
the same state). In the following chart, can be seen how the controls are connected with

the players and video widgets.
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Player status Controls Player & Video Widget

All players will start to
Paused or stopped If clicked in play
reproduce

All players will pause the
If clicked in pause
reproduction

All players will stop the

Playing reproduction

If clicked in stop All video widgets will be

updated to the start of the

videos.
Sound enable If clicked in mute button Sound will be disabling.
Sound disable If clicked in mute button Sound will be enabling.

Also to allow the application users to navigate through the videos was added a
horizontal slider with a range from zero to the duration of the videos. This slider is
connected with the media players in the following way: when the slider is dragged the
signal sliderMoved(int) is triggered and in consequence, the media player calls to the
seek(int) function, which will be explained few lines above. Was assumed that videos
recorded in the same experience have the same duration. Also, was added besides the
end of the slider a label to indicate the current time position of the video and the final

duration (Figure 29).
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@00 [Users/lauradapena/DesktopTesteDris =)

Open Files m > (D Cr 00:00/00:31

Figure 28: DriS application with slider layout

Moreover, were defined some functions to ensure the videos, the slider and the

duration label working fine together. These functions are:

updateDurationInfo(qint64 currentinfo): The function of this method is to

update the duration information of the duration label, as well as give it the
format: hh:mm:ss/hh:mm:ss (Figure 29). The first time represents the current
time information while the video is being played and the second time
represents the duration information of the whole video. For one set of
videos, the duration of the whole video should be static. Besides, the current

time information will depends on the position of the slider.

durationChanged(qint64 duration): This function allows the application to

update the duration of the videos (when new videos are loaded), both in the
slider to set the maximum and in the updateDurationInfo(qint64 currentinfo)
to update the time with the whole duration of the videos. This signal is

connected with the media players through the playerl1.

positionChanged(qint64 progress): This method is a very important one.

Using the argument progress, will update the value of the slider when the
slider is down. For this reason, the user only can move through the videos

when the slider is clicked (or down). This method also update the current
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time info in updateDurationInfo(qint64 currentinfo). Is connected with the

media players through the player 1, as the above function.

= seek(int seconds): This function sets the position of each one of the media

players when the slider is moved. To make this, was used the function
setPosition(qint64 position) of QMediaPlayer class. The setPosition function
holds the playback position of the current media. The parameter qint64
position is the current playback position expressed in milliseconds since the

beginning of the media.

=  statusChanged(QMediaPlayer::MediaStatus status): Define the different

status in which the media player’s current media can be. It only can be in one
status each time. And this function is called by the media player when the
media player 1 triggered the signal
mediaStatusChanged(QMediaPlayer::MediaStatus), i.e. when the status of the
media changes. The possible status of a media player and its explanation can

be found in [31].

= setStatusInfo(const QString &info): This function set the title of the

window in function of in which state is the media player.

Text reader

At this point, the only missing element to introduce in the application is the text
reader. For this function, was created a QTextEdit widget and was integrated in both,

the layout and the functionality of DriS application.

The QTextEdit class provides a widget that is used to edit and display both plain
and rich text. Also, is an advanced WYSIWYG viewer/editor optimized to handle large
documents and to respond quickly to user input. [t works on paragraphs and characters.
A paragraph is a formatted string, which is word-wrapped to fit into the width of the
widget, and by default, when reading plain text (DriS app case), one new line signifies a
paragraph. If the text to show is too large to view within the text edit’s viewport, a scroll

bar will appear.
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To open the document, was added in the open() function a part for the text edit.
Proceeding like with the video files, was created a QString concatenating the name of
the directory and the txt file. (Example: folderName + “/FileText.txt”). For this, and as
said when open() was explained, the text file must be named FileText.txt in the directory
where the videos and the text file are. In other case, this file will never be open in the

application.

For DriS application, was only needed the text widget to display and read the
text, not to edit it. For this, was set the option ReadOnly, which allows the user only

navigate through the text and select text, not being possible modify the text.

To display the .txt in the text widget was created a QFile object with the QString
concatenated before. The QFile class is an 1/0 device that provides an interface for
reading from and writing to files. The text file is opened using the open() function of the
QFile class and reading using the readAll() function of the same class. After, was set

some options to allow display the text file in the text widget:

1. setPlainText(): this property gets and sets the text editor’s contents as plain

text.

2. setLineWrapMode(): this function is used to specify the kind of line wrap

wanted. It exists four types: NoWrap, WidgetWidth, FixedPixelWidth and
FixedColumWidth. To implement this application, was chosen the

FixedPixedWidth mode.

3. setLineWrapColumnOrWidth(): this property holds the position (in pixels

or columns depending on the wrap mode) where the text will be wrapped.
For DriS application, was set the FixedPixelWidth mode (as said above), so
the value will be the number of pixels from the left edge of the text edit at

which text should be wrapped.

After all this implementation, the application has the following aspect:
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/Users/lauradapena/Desktop/TesteDris2 »

00
DataDriverMaker Versao.2012
Data:Tue Jan 8 10:31:39 2013
Linha:/home/drisdev/onyx/srcdev/g
compri:4.0 largura:1.8 deixos:3.4
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Figure 29: DriS application with video widgets and text reader

To finish the implementation of the video-monitorization system, only is left the
part that allow to synchronize the reading of the text file with the reproduction of the
videos and with the position of the slider. For this, was created the function
updateTextScroll(), which is called from the positionChanged(qint64 progress) method to

synchronized the text when the slider is changing its position.

This method considers two states: when the video already starts its reproduction
(player or pause state) and when the video is waiting to start the reproduction. To show

the text file conscious with the videos, were used the QTextCursor class.

As almost all the people knows, the text cursors are objects used to access and
modify the contents and underlying structure of text documents via a programming
interface that reproduce the behaviour of a cursor in a text editor. This class offers an
API to access and modify text documents, and contains information about the cursor’s
position inside the document and any selection that it has made. QTextCursor is
modelled on the way a text cursor behaves in a text editor, providing a programmatic

means of performing standard actions through the user interface.

= (Case 1: The video already starts its reproduction: The first thing that was

done was to look for the word “tempo(s)” in the document, which represent
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the title of the column in where the time data is presented. All the words that
appear in the document above this word are showed when the videos have
not started the reproduction yet. Once that known this word exists on the
document, the first position of the cursor is defined to be behind the first
character of the first line of the document (i.e.: behind the first time number).
Then, each time that appears in the text file is converted to a float in order to
allow comparing this number with the position of the player. If this time in
the text document is bigger or equals than the current time position of the
player, was created a QTextCursor, which moves down one row each time
and approximately 20 rows per second. To be easier to analyse, what was be
done was to highlight the current row that corresponds with the duration of

the player, as can be seen in the following picture (Figure 31).
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Figure 30: DriS reproduction mode

Case 2: The video is waiting to start the reproduction: In this case, was

created a QTextCursor too, which will set its position to zero, since the video
has not started to reproduce and the text file has not start to read. In this

case, no line is highlighted in the text widget, as can be seen in the Figure 30.
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4.2.4 Main class

As its name says, the main class is the most important class for the application. In
our case, it inherits the other three classes described above, and also the QApplication
class, since our program will be an application.

In this class, a Player object is created and executed, leading to the final result of
this thesis: an application that represents a video-monitorization system to a realistic

driving simulator. (Figure 31).
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Conclusion and future

work

The driving simulators world is always in constant evolution being marked by the
rhythm that dictates the technological advances in computer graphics, mechanics,
electronics and in the automotive industry. The use of these simulators could be almost
infinite, being used by universities, laboratories and car manufacturers to research and

study the data collected in them for a variety of purposes.

The simulator used and studied in this thesis was the DriS driving simulator, and in
the second point of the first chapter, could be seen its structure. In it, is possible to read
that the DriS simulator is placed in a laboratory that is divided in three rooms, one
where the car is for make the experiences, and two control rooms. To monitor the
driver experience, three cameras placed inside the car and one outside it, record all the

movements of the driver, being principal the ones that concerns the controls, the pedals
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and the driver body. The camera placed outside records the driving environment, i.e.:
the road and the environment of it (landscape, people, buildings, etc.). Is important to
mention that this driving environment is made by the specialists who create the

experiences and vary depends on the purpose of the driving experience.

The main objective of this thesis was to create a video-monitorization system for
DriS realistic driving simulator, in order study and analyse the data recorded, both in
video and text format, in a singular driving experience. To achieve this objective, was
proposed to make an application and for this, were studied some software tools to do it,

finally choosing the Qt library.

Choosing Qt to use it with its integrated development environment was a very good
decision, due to all the possibilities that this library offers and all the documentation
that its provides to help and take full advantage of this tool. Also, the facility of Qt to
port an app between platforms, made easy that DriS app works in Windows, Linux and

MacOs.

The created application consists in a basic video application with a very simple user
interface. It covers all the features specified before the thesis starts: it reproduces at the
same time four videos and reads one text file. All of them are time-synchronized and
with a slider the application users could move these files forward or backward. Also and
as a video application were implemented some basic controls as play/pause button and
stop button and a mute button that allow to hear the sound of the four videos or mute

them.

This application can be used for multiple research topics based in a driving
simulator, and will bring to the researches a big number of advantages. The main
advantage is the fact to see all the videos and the data that the system records at the
same time. This allow the researches to study at the same time the reaction of the
drivers at different obstacles, changes in the pavement, curves, etc., allowing them to

have a more realistic vision of the drivers experience in the simulator.

Some of the research topics in which DriS application can be applied could be:
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= Evaluate and improve current driving learning methods.

=  Study the different parts of the pavement to improve it and reduce the number

of accidents.

= Study the reaction of the different parts of the driver’'s body when an

unexpected object arises in the road.

=  And many more, where the behaviour of the driver can affects.

Basically, the result of the thesis is good, being the behaviour the pretended when

the thesis was proposed. Besides that, in the future, some improvements can be done.

5.1. Future work

Although the good result obtained in the development of this thesis, some
improvements can be done. Below, can be found a list of some of them, and a short

explanation of why they should be done.

= Layout improvement: right now, the layout of the app is very basic. In the

future app layout could be improved and make it more user friendly, adding a
tool bar with some options, or more buttons (forward and backward for

example), etc.

= Desktop app icon: for the app being easier to find in the computer and being

more user friendly (again), would be good if it has an icon that represents it.

= Change dynamically the number of video widgets: maybe in the present

future some cameras can be added to DriS car to record some other useful data
for new studies. In this case, DriS can allow reproducing all these videos
without made changes in the app code. Usually a maximum number of videos

should be defined, to not have performance problems.
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Change the video widgets size dynamically: depends on how many videos

are being reproduced at the same time, the video widgets size could change.
Example: if only one video is being reproduced, this video widget could occupy the
whole screen. If two videos are being reproduced, the video widgets can occupy

each one the half of the screen, etc.

Error messages: when something unexpected happens in the application, the

users like to have feedback on what is the problem. One good improvement
could be adding error messages in the app when something unexpected (wrong

video name, wrong video format, etc.) arises.

Improve slider movement: right now, the movement through the slider is

only allowed when the slider cursor is pressed down. Ideally and as happens in
very known video players (Youtube, MediaPlayer, VLC, etc) the app can allow
the forward and backward movement only with click in the slider and not in

slider’s cursor.

Improve the display of the data collected during the experiences: right

now, the data collected during the experiences is displaying in the app as a text
file. A good to have in the app is representing this data as graphics instead as a
file text, making easy for the professionals analysing the experiences. If this
proposal is impossible to implement, would be good to have a checkbox with
different possibilities which allow to show in the app the information that is
needed in this moment and that is inside the text file (for example, if the user

only want to see the speed, the time and the X,Y,Z position.)

Include maps to improve the localization of the cart during the ride:

sometimes a video can be less important, and what really matters is the
location of the cart during the ride. For this, is important to keep in mind that
would be great to have other widget in the app in which is presented in a 2D

map the ride and the exactly location where the cart is in real time.
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Annex: User manual

Requisites

Before start using DriS application, the users have to take care of some requirements

that the files they want to load should complain:

1. All the files related to the same experience should be stored in the same

directory.

2. The names of the files may be: Cameral.avi, Camera2.avi, Camera3.avi,

Camera4.avi and FileText.txt. (Figure 31).

806 Escritorio
L 2R
FAVORITOS Nombre Fecha de modificacién Tamaiio Clase
] Todos mis archivos | » [ Demo 28/04/2014 20:52 -- Carpeta
« DNILaura.pdf 28/11/2013 16:52 778 KB PDF
« examen portugues C1.pdf 13/11/2013 18:50 200 KB PDF
(1] fotos abuelos 15/12/2013 21:58 - Carpeta
#\; Aplicaciones » (L] FOTOS AS PONTES CARLOTA 31/12/2013 18:47 -~ Carpeta
O Gt » [ Fotos para Andre 23/03/2014 14:03 -~ Carpeta
'} HDvidcodec_Installer.zip 19/04/2014 19:41 2,7 MB Archivo ZIP
<2 Dropbox B imagen.jpg 21/11/2013 18:19 179KB  Imagen JPEG
£ Google Drive » (1] Imagenes proyecto 16/09/2014 23:06 -~ Carpeta
Y — & IMG_3659.PG 15/03/2014 16:03 6,4MB  Imagen JPEG
- IMG_4936.PG 13/04/2013 11:41 43MB  Imagen JPEG
[ TesteDris2 « Jumia Weekly Status Report CW16 17/04/2014 18:42 S8KB  PDF
TGS + Jumia Weekly Status Report CW37 12/09/2014 21:18 S9KB  PDF
[} main.cpp 06/05/2014 20:52 472bytes  C++ Source
[ MacBook Prode ... . (] MiprimerProyectoOpenCV 26/11/2013 15:41 -~ Carpeta
ORIt » [ MiSegundoProoyectoOpenCV 26/03/2014 18:56 -~ Carpeta
@ technicolor & NumeroDeContribuinte.pdf 18/12/2013 00:05 449KB  PDF
« Open Scene Graph.pdf 19/09/2013 17:37 296KB  PDF
ETIQUETAS M OpenCVinstaller 11/03/2014 21:47 170 bytes  Archiv...le Unix
@ Roja » [ Paseo Ribeira 22-02-2014 10/07/2014 20:30 -~ Carpeta
X » [ Picnic 15-3-2014 10/07/2014 20:29 -~ Carpeta
Rtanla » [ Porto 15032014 23/07/2014 20:32 -~ Carpeta
Amarilla « RyanairBoardingPass.pdf 06/03/2014 20:57 172 KB PDF
Verde = Sin titulo.png 17/09/2014 20:19 16KB  Image...s (PNG)
= Skype.jpg 09/07/2014 23:08 113KB  Imagen JPEG
© Azul [3) Template_DC Altran_PT 25/05/2014 19:32 168KB  Docu...ft Word
© Violeta » [ TesteDris 14/07/2014 21:01 -~ Carpeta
Cris > [ Teste Files inside 14/09/2014 01:31 -~ Carpeta
TesteDris3 ; 25/07/2014 17:45 -~ Carpeta
Tezke ke Gt & Cameral.avi 2 directory 09/07/2013 13:17 473,1MB  AVI container
& Camera2.avi 09/07/2013 13:17 473,1MB  AVI container
3 Camera3.avi 09/07/2013 13:17 473,1MB  AVI container
=3 Camera4.avi 09/07/2013 13:17 473,1MB  AVI container
) FileText.txt 08/01/2013 11:16 73MB  Texto normal
M e 07/05/2014 00:54 10KB  Archiv...le Unix
» [ Tomar Grutas Fatima 12/07/2014 21:42 -~ Carpeta
@ video.MOV 28/04/2014 20:50 93,5MB  Apple...ntainer
& videol.MOV 19/04/2008 15:33 10,9MB  Video de QT

Figure 31: Files correct stored in the directory

3. All the other files stored in this directory, will not be loaded nor opened.
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4. To ensure a good app behaviour, is recommended the videos has the same
duration, and the text file be the one correspondent to the same driving

experience as the videos.

Open and loading the files

After meeting the requirements, the user can open the application. The first screen

that will appear will be the following one.

Text
Reader

Comr )@ 21D —

Figure 32: DriS app without any files loaded

In this screen (Figure 32), no files were loaded, so if the user clicks in the buttons,
nothing will happen. Only if he clicks in the “Open Files” button, the application will
open a files dialog, where the user can choose the directory wanted and open it and load

it in the application clicking in open (Figure 33).
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Open Folder

« 88 = pauj imi & v || [ TesteDris3 ) Q

FAVORITOS
(] MiPrimerPr...toOpenCV

. Todos mis archivos Misegundo...toOpenCV

#% Aplicaciones

s Paseo Ribe...-02-2014
(£ Dropbox {3 Picnic 15-3-2014

(2] Google Drive [ Porto 15032014

&} lauradapena | X
{5 TesteDris2 >
(] TesteDris

DISPOSITIVOS (1 TesteDris2
=] MacBook Pro de Laura  (CIIECIE]

COMPARTIDO
= (L] Tomar Grutas Fatima
& technicolor fivly

Carpeta nueva Cancelar | [ Abrir |

Open Files ARk

Figure 33: Open files screen

Once the videos are loading (each one in one of the black screens), the application

looks like as showed in the (Figure 34).

€800 & JUsers/lauradapena/Desktop/TesteDris Dite y N %
the

DataDriverMaker Versao.2012
Data:Tue Jan 8 10:31:39 2013

Linha:/home/drisdev/onyx/srcdev/gi
compri:4.0 largura:1.8 deixos:3.4
Posicao condutor: 2m da frente; 1.15

tempo(s) X Y

0.000 5.000 -5.000
0.044 5.053 -4.957
0.088 5.069 -4.944
0.128 5.087 -4.929
0.170 5.108 -4.912
0.210 5.131 -4.893
0.250 5.158 -4.871
0.296 5.193 -4.843
0.339 5.229 -4.813
0.380 5.267 -4.782
0.423 5.312 -4.745
0.467 5.360 -4.706
0.511 5.412 -4.663
0.554 5.468 -4.618
0.598 5.526 -4.571
0.641 5.583 -4.524
0.685 5.640 -4.477
0.728 5.698 -4.431
0.772 5.755 -4.384
0.815 5.813 -4.336
0.859 5.870 -4.289
0.903 5.928 -4.242
0.946 5.985 -4.196
0.990 6.043 -4.148
1.033 6.101 -4.101
1.077 6.159 -4.054
1.120 6.216 -4.007
1.164 6.274 -3.960
1.207 6.332 -3.912
1.251 6.390 -3.865

Open Files | D ®;

Figure 34: DriS application with the files already loaded

Until the user does not click in the play button, the videos will not appear in the

screen, although they are loaded.
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Buttons functions

When the videos are already loaded, clicking in play button will start their

reproduction (Figure 35).

800 /Users/lauradapena/Desktop/TesteDris2 -

28.288 182.880 141.088

28.331 183.435 141.524
ESt rada 28.370 183.940 141.921
28.411 184.453 142.324
28.455 185.024 142.771
28.495 185.533 143.171
28.535 186.058  143.582
28.575 186.564 143.978
28.615 187.084 144.384
28.654 187.608 144.794
28.694 188.111 145.187
28.734 188.628 145.590
28.773 189.150 145.996
28.816 189.713  146.435
28.856 190.217  146.827
28.895 190.738 147.231
28.934 191.246 147.625
28.974 191.764 148.027
29.013 192.287  148.432
29.052 192.793 148.823
29.095 193.366 149.266
29.135 193.893 149.673
29.174 194.405 150.067
29.214 194.928 150.470
29.253 195.457 150.877
29.292 195.970 151.270
29.331 196.496  151.674
29.371 197.023 152.077
29.415 197.610 152.526
29.454 198.135 152.926
29.494 198.673  153.336
29.533 199.189  153.729
29.572 199.720 154.133
29.611 200.247 154.533
29.655 200.839  154.982
29.694 201.368  155.381
29.734 201.907 155.788

2013-01-29 16:45:51

29.778 202.499 156.235
29.818 203.038  156.641

Pk I Rl 29857 203574  157.044

| Open Files !\L ] =C 00:20/45:36

Figure 35: DriS in reproduction mode

Once the application is in reproduction mode, the slider cursor starts to move, the
stop button is enabled and the play button change its icon to pause icon. In this status

the following cases could happen:

1. Clicks in the pause button: the pause icon will change to play icon again, the

stop button will be enabled also, the slider cursor will stop and the text reader

will stop also (Figure 36).
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8 00 /Users/lauradapena/Desktop/TesteDris2 ™

= 447.238  8874.220 -2451.716

447279  8875.243 -2450.959

EStra(h 447.320 8876.293 -2450.179
447.361 8877337 -2449.399
447.402 8878381 -2448.616
447.443 8879399 -2447.848
447.483  8880.418 -2447.076
447.524 8881.438 -2446.300
447.564 8882.446 -2445.528
447.604  8883.453 -2444.753
447.644  8884.459 -2443.976
447.684  8885.463 -2443.195
447.725 8886.467 -2442.411
447.765  8887.466 -2441.626
447.805  8888.463 -2440.839
447.845  8880.457 -2440.049
447.885  8890.448 -2439.257
447.926 8891.437 -2438.464
447.966  8892.424 -2437.667
448.006  8893.408 -2436.868
448.046 8894385 -2436.072
448,085 8895353 -2435.278
448.125 8896.307 -2434.491
448.164  8897.260 -2433.700
448204  8898.227 -2432.893
448244  8899.198 -2432.078
448.285  8900.167 -2431.261
448.324 8901.123  -2430.450
448363 8902.059 -2429.651
448.415 8903300 -2428.585
448.467 8904535 -2427.517
448519  8905.764 -2426.445
448570  8906.985 -2425.371
448622  8908.201 -2424.295
448,673 8909.409 -2423.218
448.725 8910613 -2422.135
448776  8911.811 -2421.052
448.827 8912.999 -2419.969
448.878  8914.182 -2418.883

2013-01-29 16:52:50 EEEEERY 8915.358 -2417.794

Open Files LI 07:27/45:36

Figure 36: DriS in pause mode

2. Clicks in stop button: the stop icon will be unable, the pause/play button will

have the play icon, the screens will be black again, the slider will go to the
beginning as same as the text reader. Basically, clicking in stop will stop the

reproduction and if clicks in play again will be start the reproduction from the

beginning.

800 /Users/lauradapena/Desktop/TesteDris2 S
DataDriverMaker Versao.2012
Data:Tue Jan 8 10:31:39 2013
Linha:/home/drisdev/onyx/srcdev/gt
compri:4.0 largura:1.8 deixos:3.4
Posicao condutor: 2m da frente; 1.15
tempo(s) X Y
0.000 5.000 -5.000
0.044 5.053 -4.957
0.088 5.069 -4.944
0.128 5.087 -4.929
0.170 5.108 -4.912
0.210 5.131 -4.893
0.250 5.158 -4.871
0.296 5.193 -4.843
0.339 5.229 -4.813
0.380 5.267 -4.782
0.423 5.312 -4.745
0.467 5.360 -4.706
0.511 5.412 -4.663
0.554 5.468 -4.618
0.598 5.526 -4.571
0.641 5.583 -4.524
0.685 5.640 -4.477
0.728 5.698 -4.431
0.772 5.755 -4.384
0.815 5.813 -4.336
0.859 5.870 -4.289
0.903 5.928 -4.242
0.946 5.985 -4.196
0.990 6.043 -4.148
1.033 6.101 -4.101
1.077 6.159 -4.054
1.120 6.216 -4.007
1.164 6.274 -3.960
1.207 6.332 -3.912
1.251 6.390 -3.865

Open Files (> ( 00:00/45:36

Figure 37: DriS in stop mode
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3. Clicks in mute button: when clicks in mute button, the icon of the button will

change and the DriS will be in mute mode, i.e.: will not reproduce the sounds of

the videos.

/Users/lauradapena/Desktop/TesteDris2

. 322.616
Estrada 2013-01-29 16:50:45 32207
322.739
322.782
322.825
322.866
322.906
322.946
322.987
323.028
323.069
323.109
323.150
323.191
323.231
323.272
323.312
323.353
323.393
323.434
323.474
323.515
323.555
323.596
323.636
323.676
323.717
323.757
323.798
323.838
323.878
323.919
323.959
324.000
324.040
324.080
324.121
324.162

2013-01-29 16:50:45 e

5768.418
5769.660
5770.910
5772.148
5773.426
5774.752
5776.008
5777.233
5778.467
5779.709
5780.947
5782.175
5783.403
5784.627
5785.862
5787.094
5788.314
5789.538
5790.758
5791.977
5793.194
5794.430
5795.647
5796.863
5798.083
5799.297
5800.508
5801.736
5802.945
5804.151
5805.359
5806.578
5807.782
5808.991
5810.208
5811.422
5812.627
5813.841
5815.049
5816.251

~
| Open Files ﬂ ﬂ M

Figure 38: DriS in mute mode

-1093.684
-1094.098
-1094.515
-1094.928
-1095.354
-1095.797
-1096.216
-1096.625
-1097.037
-1097.453
-1097.867
-1098.278
-1098.690
-1099.100
-1099.514
-1099.928
-1100.338
-1100.749
-1101.159
-1101.570
-1101.979
-1102.395
-1102.806
-1103.216
-1103.628
-1104.037
-1104.446
-1104.861
-1105.269
-1105.677
-1106.085
-1106.497
-1106.904
-1107.313
-1107.724
-1108.135
-1108.542
-1108.953
-1109.361
-1109.767

05:23/45:36

4. Slider cursor: clicking in the slider cursor, the application allows to move

through the slider forward and backward, moving the videos and the text

reader forward or backward too.

5. Text reader: the text reader is synchronized with the videos and slider. When

the videos start to play, the text reader starts to read, highlighting in blue the

current time of the reproduction. Is composed by several columns, that the user

can see if moves the text slider from right.
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