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The following thesis is placed in the scope of the Remotely operated vehicle (ROV) technology.
Using HCD (Human Centred Design) methodology and assessing the usability of the constructed
technology, the thesis aimed at delivering the guidelines for ROV creation. Additionally, the tests
verifying the eligibility of the Carla simulator technology for further study in the ROV area have
been conducted. The structure consisted of interviews, data-driven tests, TAM questionnaire and
the observation. The results: display the factors that shall be taken into account when designing
the ROV station, imply the possibility of using Carla as a method in testing the human factor in ROV
technology study, display the challenges resulting from the complexity of the system composition
in ROV study and deliver the data that can be used for verification of safety in operation of ROV.
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1. INTRODUCTION

The World nowadays has a high focus on road transport that requires a shift towards
more sustainable and less dangerous solutions [16]. The cited publication ,The future of
road transport” highlights the business models, driving factors and technologies that are
changing the industry we know now. Such changes and, above all, the needs of the World
lead us to solutions using game-changing technologies. One of them, ROV, still remains
undiscovered to a large extent. The numerous applications and their benefits are limited
by a lack of further insights into that area. This sensitive area, transport, that results in
multiple casualties over the years shall be restricted and well researched to prevent them.
That thesis aims to discover limitations and research the topic extensively to establish
necessary baselines for designing the remote operated vehicle stations and hardware in
order to increase its safety and usability. That is done following the HTI methodology. The
thesis is the outcome of the collaboration of two units of RISE: Dependable Transport
Systems and Safe Control Systems, that are both part of Electrification and Reliability
department.

The research team consisted mainly of myself, 2 fellow students: Shristi Trivedi and Arthur
Batel, two industrial supervisors: Fredrik Warg and Ted Strandberg and Univeristy’s su-
pervisor Marko Helenius. Many others have contributed to this work thanks to the sup-
portive environment that RISE has created.

The introduction chapter is structured in following manner. The subchapter Motivation
discloses the reasons why the topic should be of interest to the wider public. The Problem
Origin section shows the history of topics that arose. Research questions part focuses on
the key aspects the research will try to examine. The following section, Scope of the study
narrows down the field to essential aspects of the study and, finally, the thesis structure
describes the thesis’s division into parts and their meaning to itself.

1.1 Motivation

The motivation towards the project could be set out in numerous separate parts, however
3 of them need to be highlighted: environmental aspects, safety and wellbeing. First of
all, the research leads to an increase in safety of remotely controlled vehicles. Knowing
the limitations of human operators and the standards in which they can operate the car



most safely and effectively is essential for defining norms that could be followed by in-
dustrial bodies. That may lead to the governmental institutions’ and the general public’'s
higher trust towards the most commonly used application of ROV and in general of au-
tomatizations of vehicle operations - autonomous vehicles supported by human drivers.
Therefore, the study may turn out significant to the environment thanks to the long term
achievements it can lead to. Supplementing autonomous driving and ensuring its safety
by enabling it to handle difficult situations lead to enlarging the potential of applications
of autonomous driving with remote control safety protocols towards being accepted by
governments and other deciding bodies. Hence, shifting towards autonomous driving re-
duces its environmental cost by speeding up the delivery process and thereby limiting
the number of trucks and drivers needing to operate (as there is no drivers that need to
recover in the shipping process). Lastly, the above mentioned points lead to an increase
in standard of everyday living by reducing the traffic, air pollution and traffic noise, which
is possible by not being limited to shortest tracks and the multiple ways of optimising
transport by elimination of the human driver factor.

1.2 Problem Origin

Since the very beginning humans have been looking for ways to optmise processes and
automatize them. One of them being commuting. In natural evolution we reached the step
where the idea of autonomous vehicles emerged and became the subject of the research.
New technology faced multiple challenges. One of them being handling and assessing
the problematic cases that do not fall under Al control but shall be assessed by a human.
That is why the investigation of remote control of vehicles became crucial. Integration
of multiple technologies generates numerous problems. The following research tries to
examine the given technology with its specific hard and soft -ware, and on such foun-
dations create universal guidelines that could be later verified with new setups and then
corrected. Above is essential for assuring the safety of the system, which is necessary
for that technology to be applied in the real life context.

1.3 Research questions

With that problem encountered the research team has formed the following research
questions that would build up on the current knowledge and information:

1. What is the minimal video quality for allowing sufficient reaction time in danger de-
tection on road, based on video analysis? ,Visual quality is affected by digital video

characteristics including bit depth, resolution, frame rate, and frame complexity.
[20]

2. How does the enhanced interaction with the system influence the test subject re-



action towards danger? How much the distraction of necessity to process multiple
sources of information (multitasking) affects the remote driver?

3. What are the causes of remote operators losing the control of a vehicle? — This
general research question aims at discovering all incapabilities of a remote opera-
tor.

4. What is the optimal setup of the remote control station? - Basing on the setup used
in our station the goal is to discover enhancements to the system as well as create
the generic set of guidelines for the remote control station establishment.

In order to discover answers to this question the scope of the study needed to be nar-
rowed.

1.4 Scope of the study

The field of remote operations has multiple aspects on which one may choose to place the
focus. Since the subject has not yet been widely researched, there were multiple aspects
that could have been covered. Any of them could probably have significant meaning to the
field. The considered aspects included interaction techniques involving multiple senses,
emphasis on video requirements, the different screen usage, simulator correspondence of
test results, the seating position, the audio feedback, the haptic feedback, force feedback,
artificial intelligence support and many others. The research team basing on probable
significance to the further project and basing on the order in which following fields shall
be researched (how they correlate to each other) has decided to focus on: the user
interaction with current set up, the basic video quality significance, safety of current set
up and the correlation of results using Carla simulator.

1.5 Thesis structure

The study aiming on answering the earlier mentioned research questions has been struc-
tured following HT1 methodology [13]. The structure is as follows:
1. Introduction
The aim of that section is to disclose to the reader the content of the thesis

2. Background

That section provides necessary information for the reader to understand the knowl-
edge applied in further chapters.
3. Research methodology

It explains the research processes applied to answer the earlier formed research
questions.



(a) Video testing
It checks the user’s minimal requirements for video quality using reaction
based study.

(b) Comparison between simulator and ROV test

Following the same track on both simulator and real life track verifies the ex-
tend to which the real life tests can be substituted by the Simulator tests.

(c) ROV complex study
Tries to answer more sophisticated questions regarding the current techno-
logical setup.

4. Results

This chapter presents the gathered data throughout the duration of the study and
shows its analysis.

5. Conclusions

This part concludes the work presenting the implications of the results and also
discusses all the limitations of the study and further study opportunities.



2. BACKGROUND

The following chapter presents all necessary information, knowledge, methodologies and
frameworks needed for following the thesis. At the end of that chapter the previous studies
and test setup is discussed.

First the basis for the thesis is discussed - HTI.

21 HTI

Human Centred Design is an approach and methodology used for high recognition of
users’ needs in the designing process. It is a framework in which constantly the status
quo is doubted and the questions are asked in order to find the best design for human’s
application. The framework is based on constant researching followed by prototyping
followed by evaluation of the prototype and again repeating the earlier mentioned steps.

As in questionnaires used in the study, that are part of the quantitative methods in HTI
structured research, the likert scale helps to set a proper academic quality on the results.

2.1.1 Likert scale

The most widely used rating scale to measure attitudes. It is a five or seven point scale
allowing individuals to express how much they agree or disagree with a particular state-
ment. It is based on an assumption that attitudes can be measured. The results shall
be analysed either by summarising a median or mode or by displaying the distribution of
answers in a bar chart. [11]

In the following thesis the likert scale has been used among others in Tam questionnaire
and DBQ.

2.1.2 Tam questionnaire

One of the most influential standardised questionnaires [4] used in multiple applications
[14]. The questionnaire has been modified in numerous studies in order to research
user experience. The core parts of the questionnaire split into Perceived Usefulness and
Perceived Ease-of-use. The statements are referring to using the product and its influence



on one’s life or experience in a specific context. Study subjects provide researchers with
answers using Likert scale. [4]

2.1.3 DBQ

Drive behaviour questionnaire, the tool used for assessing the likelihood for making an
error or creating a dangerous situation on road. The questions used later in this study
were designed based on the Article by Mehdizadeh and colleagues from 2018, in which
they used DBQ questionnaire to investigate the professional drivers behaviour standards.
From there the inspiration was used for question creation. [12]

The next very important concept to be discussed is driver.

2.2 Driver

The test subject operating the ROV or the person behind the steering wheel of the regular
car. One of very important traits of that person is his or her driving experience.

2.2.1 Driving experience

It should be acknowledged that the longer driving experience impacts positively the re-
action to hazard situations on road. [9] What is strongly connected also with concept
of safety. In this study we must however take also safety related to the use of digital
application under account.

2.2.2 Safety of test driver

Whilst using computer applications of any kind, especially ones that consist of move-
ments in different angles and directions, some health issues might occur. [17] Those
shall be taken into account in conducting IT related tests so that the test subjects are not
negatively affected and their safety is not put in danger.

Another aspect related to our test subject are cognitive skills.

2.3 Cognitive skills

The vision is a highly specialised sense. It is responsible for reacting towards our prox-
imity, physical change and observation. That sense gets less accurate along with the
ageing process. [8] There are several limitations that might impact the correct recogni-
tion of reality, such as short-sightedness and long-distance sight problems. Those are
corrected by wearing contact lenses and glasses. Furthermore, there happens colour



blindness and difficulty in recognition of fast movement. These factors as well as some
others have an impact on screen time too and it should be assured prior to the test that
none of these factors are present. The other important sense for the sake of this thesis is
touch. Touch is responsible for recognition of resistance and hence relates to operating
the car wheel and pressing the pedal. The touch sensitivity declines with age. There are
also diseases that might weaken the feeling of pressing the pedal or of navigating with
the steering wheel and they also shall be excluded in the testers to ensure validity of the
results. [10]

The concept that takes under account the limitations and biases of the human is usability.

2.4 Usability

Usability is important in terms of any project and application and hence ensuring that the
requirements for successful use of the product are met. "Usability is a measure of how
well a specific user in a specific context can use a product/design to achieve a defined
goal effectively, efficiently and satisfactorily." [21] In the scope of that study it refers mainly
to the use in context laboratory environment of the operation of ROV. Usability covers
the grounds of the aspects such as: feeling of the steering of the car, natural steering
sensations, feedback from steering and interactions with technology and others similar.

The last aspect needed to be clarified for understanding of that thesis is braking distance.

2.5 Braking distance

The braking distance in a car is a sum of reaction time and actual braking time. In this
work the data was used based on the Australian federal report on braking distance in dry
conditions. [15] The braking distance is an important metric in road safety as it is longer
with higher speeds. Determination of accurate and still safe braking distance is a valid
point in any road safety related studies, as minimising it decreases the likelihood of road
accidents.

2.6 Previous studies

While there haven’t been many past studies on the scope of ROVs, a few are worth noting.
In the paper "Evolution of the Driving Styles of Anticipatory Agents Remotely Operating
a Scaled Model of a Racing Car," [19] the researchers explored interesting approaches
to testing with ROV model cars. Unlike our research, which focused on latency issues
especially related to network communication, Tanev and his team verified car operations
on a simplified route. They used an anticipatory model for car state management, an
appropriate choice given that the course was known to the test subjects.



Another intriguing perspective is presented in an article by Gohar and Lee [5]. In their
study, the researchers address the issue of selecting a remote driver who will assume
control of the vehicle in emergencies. They describe an algorithm that considers multiple
variables, including one that is particularly relevant to our work-latency.

In articles most closely related to the scope of this thesis, a noteworthy contribution comes
from Koskinen, Hanna; Karvonen, Hannu; and Tokkonen, Helena [7]. Their research
focused on designing a remote operation station for a crane from scratch, following HCI
methodology, rather than adapting an existing setup."

2.7 Test setup

The in-depth technological composition of the study equipment can be found in the thesis
of the fellow researcher Arthur Batel, who describes the network protocols used in the
study and informatic technologies used in ROV.

=

4

Figure 2.1. Data collection modules.

2.7.1 The devices of interaction

As for the physical components that the test subjects had physical contact with, there were
used: Logitech G27 steering wheel, Monitor SAMSUNG Odyssey C34G55TWWR 34"
3440x1440px 165Hz 1 ms Curved, race car seating chair, standard Logitech keyboard,
race car pedals. The race car seating chair and pedals were unlabelled but they were



standard. The seat was located at a fixed distance from the screen; only the pedals
distance to the seating positions was adjusted based on height of test subjects.

2.7.2 Carla

In the second part of the tests we used the Carla simulator, the setup of which is described
in detail by my fellow researcher in her thesis, Shristi Trivedi. There is also an article in
which in detail described is Carla as a tool for ROV research [6] .
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3. RESEARCH METHODOLOGY

The design of the research process is an essential part of the human-centred design
methodology. "In particular, data gathering is a central part of discovering requirements
and evaluation. Within the requirements activity, data gathering is conducted to collect
sufficient, accurate, and relevant data so that design can proceed." [18]. Therefore, the
data gathering process needs to be carefully planned and designed. In a study consisting
of several aspects required for investigation, several steps of data gathering should be
formed. For the purpose of this study 3 module testing has been designed. The following
chapter begins with discussing data collection, after which three separate modules are
presented, these are: Video Testing, Technology Comparison and Complex ROV study.
Those can be found in Figure [3.1]

Come for the test 103
Do the background Y@ minutes prior time
questionnaire + you will be offered
consents ewspapers cookies

and coffee)

Figure 3.1. Data collection modules.

Next, the data analysis used in the thesis is discussed. And at last, the methods for
designing the Ul and UX of the system are presented.

3.1 Data collection

The data collection process started by recruiting candidates. The selection was planned
to be made based on criteria listed in table [3.1lThe ideal candidate needed to be of
average age providing a higher likelihood of already owning sufficient driving experience.
As Sun and Hua have discovered in their study the hazard response was significantly
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better in an experienced group of drivers [9]. That age was estimated to be 35-50 and
with a second condition of owning a driver’s licence for more than 5 years. The profession
was selected as researchers and test engineers, the people residing in the facility of
conducting the research. They also ensured a higher level of technology knowledge that
was needed to correctly steer the car with a short period of training. The sex was of no
matter. Lastly, there needed to be no present medical conditions limiting screen time.
Prior to the test, the candidates were asked to fill a background questionnaire and at the
same time give their consent to the data collection. The before mentioned documents
can be found along with the concept for running the tests in Appendix [C]

Table 3.1. The ideal candidate.

Age Sex Profession
35-50 Either Researcher
Driving experience Medical conditions
Owning driving licence for more than 5 years No conditions limiting screen time.

3.2 The study

In the following section 3 parts of the study are discussed in the chronological order to
which the study has been conducted.

3.2.1 Video testing

The video test was designed to investigate the correlation between different permutations
of video samples, reaction time, and testers’ sensations. The test structure is presented in
figure The videos showcase the perspective of the ROV’s driver, while the objective
of the tester is to apply the brakes upon the detection of an obstacle. By determining the
time gap between the object’s appearance in the video and the application of the brake,
we can evaluate the reaction time. Through this evaluation, we can analyze the impact
of video stream quality on the reaction time. The videos were created using a network
camera used in ROV. They were recorded outside, next to the test track. Then, using the
handbrake converting tool the 48 videos (2 colour scales over 3 qualities over 2 frame
rates) permutations were formed. The settings of the handbrake converting tool can be
found in Appendix [Al

The first and the last video were on the moving car while those two in the middle were
static. Prior to the actual test, there were two training videos displayed. For the purpose
of the test the special software was designed that displayed the selected sequence of
videos and recorded the response time. The videos were played in random configurations
of permutations. There were 12 permutations of each video and therefore 24 tests were
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needed to obtain 2 tests of each video permutations. The time was recorded once the
subject pressed the spacebar. Then the time from the beginning of the test was saved. In
the evaluation part, the perfect time was estimated based on frame analysis. The videos
were displayed in random order and in random combinations. The tests were called
following formula T_ where in place of was placed the number of tests. The naming
convention for permutation was the following - VCRF, where V stands for video number(1-
4). C stands for colour scale (it could be either B (Black and White) or C(Color scale)).
R stands for resolution (1 - 1080 p, 2 - 720 p, 3 - 480 p) F stands for frame rate (either
H(high - 30fps) or L(low - 15 fps)). The technology acceptance model questionnaire can
be found in Appendix [B| Based on interview answers the graph was created, which then
became the source for the results analysis.

. 4 times watch video

Training videos about 10-15 seconds ) b
/ ] ' Short interview
displayed and answer short ‘

survey afterwards

Figure 3.2. Video reaction time test setup.

Quality 1
Colourful Frame rate reqular
Quality 2
Black and white Erame rate low
Quality 3

Figure 3.3. Video reaction time test setup.

3.2.2 Technology comparison

In the second part of the test, the Carla simulator (in that case used as ROV simulator)
[3] was compared with ROV. The tests were conducted using two different setups. In the
first setup, the driving station was connected to the Carla simulator, while in the second
setup, the same driving station was connected via wifi to a model vehicle. The purpose
of this comparison was to examine whether there were any significant differences in the
results obtained from these two setups. Specifically, the aim was to answer the research
question of what is the optimal setup for the remote control station. By comparing the re-
sults obtained from both setups, researchers could determine whether using a simulator
instead of a physical vehicle provided representative results. Simulators are often more
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cost-effective and easier to perform, and they enable researchers to test a broader range
of scenarios and environmental conditions since they can be easily controlled. Therefore,
if using a simulator produces results that are comparable to those obtained from physical
vehicles, it would be a significant advantage for conducting further experiments and de-
veloping remote control stations. The comparison was made based on the modified TAM
questionnaire (technology acceptance model) and the follow-up interview. Moreover, a
comparison was made of the number of line crossing and law violations. The course was
made the same in physical setup as in the virtual setup. Both times the car was controlled
using the same control station. The major difference was in braking. In ROV braking oc-
curs naturally once the foot is taken off the accelerator pedal. In Carla, the braking is
done by pressing the braking pedal. There was a difference in the virtual world as there
were road signs that were not present in the physical setup. The physical setup can be
seen in picture [3.4] The idea behind it was to investigate to what extent Carla can be
used for substituting physical setup in Remote Vehicles research.

Figure 3.4. Technology Comparison setup.

The course was visible on the left from the test subject so that one could support him
or herself in navigation. The course can be seen in figure [3.5] However, a simplified
version was displayed to the testers in order to prevent them from seeing the challenges
in advance. (see [3.6)
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Finnish 1:20 scale towards carla Start

Figure 3.5. Map of the course. With challenges.

Finnish 1:20 scale towards carla Start

Figure 3.6. Map of the course. Tester view.

3.2.3 Complex ROV study

The third and final part of the study was a complex ROV test. The tests were conducted
using only one setup, which consisted of a complex course with multiple obstacles. The
test subject was asked to drive along the course while following the road rules. The pur-
pose of this experiment was to answer the research question of how the driver responds
to the situations on the road that could happen. The experiment aimed to measure the
test subject’s reaction time to various challenges and obstacles presented on the course.
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Additionally, the researchers wanted to identify whether there were any challenges that
were too difficult for the test subject to handle. By analyzing the results obtained from this
experiment, researchers could gain insight into the cognitive and motor skills required to
operate a remote-controlled vehicle effectively in challenging environments. This informa-
tion could then be used to improve the design of remote control systems. It consisted of 8
challenges/ obstacles, which are depicted in the map (see figure 3.7). However, the test
subject was displayed with the simplified map so he did not know the challenges upfront
(see figure 3.8).

Map scale - 1: 2000

Station for test

—
Q Parking spot
= Road
[0}
X

Box = building

Human

\_/%Start

Figure 3.7. Map of the course. With challenges.

After the test, there was a semistructured interview conducted aiming on discovering extra
insights on the conducted tests and deepening the understanding of the research team
of the conducted experiments.

After the tests have been conducted the data analysis step come.

3.3 Data analysis

The following factors were taken into account to prepare the thorough data analysis: cod-
ing of answers from the interviews and analysing quantitative data coming from question-
naires, analysing the line crossings and traffic rules offence, analysing of the recorded
video material with regard to estimation of the quality of video feed at the time of the test
and observation of test subject reactions towards the road situations. The data is then
evaluated using the HCD methodology.
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Figure 3.8. Map of the course. Tester view.

3.4 Technology creation

The ultimate phase of the project is the evaluation of the collected data. Then, using
the HCD framework the guidelines for the operation station design will be prepared and
the exemplary Ul will be formed . The HCD (Human-Centered Design) framework is a
design approach that prioritizes the needs and experiences of end-users throughout the
design process. It involves understanding of the user goals, behaviors, and preferences
and designing tailored products. The framework is cyclical, including stages such as
empathy, defining the problem, ideation, prototyping, and testing. The HCD framework
will be used to ensure the remote control station design is tailored to remote operators’
needs, resulting in an efficient system.
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4. RESULTS

The following chapter gathers and presents the outcome of the research work. The next
chapter covers in depth how data gathered here applies to the research questions pre-
sented at the beginning of the thesis.

4.1 Tests - general informations

The tests started with two pilot tests. The first one was raw - it did not have the actual
tasks completed, it was just verifying that the instructions are clear and it served a training
purpose for the interviewer. The second one was a full test. It was used to estimate time
needed for test completion so it could be shared with possible test subjects.

The tests were conducted between 04.04.2022 and 28.04.2022. There were 27 tests
conducted that had only video test part, 10 tests that had only physical operation part
(second and third test parts), and there was one test with all of subtests (3 parts). The
reasons for separating the tests where: not planning on looking for correlation between
first subtest and the others, time constraints and hardware setup malfunctions. The video
test took on average 7 minutes 47 seconds and the physical test (subtest 2 and 3 com-
bined) - 22 minutes and 10 seconds. Those times are counted from the point of entrance
to the laboratory to the final task being completed and questions regarding it answered.
In the physical tests there were missing 5 out of 55 data recording instants of data be-
cause of: recording of a wrong screen, problem with camera on ROV and once the screen
recording was not properly launched.

Below, a table containing information on test subjects for video tests can be found.
Table 4.1. The video test subjects.

Age ‘ Years of owning driver’s licence ‘ Tech skills '

445 ‘ 25.5 ‘ Average of 3.8 out of 5, where 3 is neutral

Below, a table containing information on test subjects for physical tests can be found.

The first of 3 tests conducted was video reaction time test.

"The personal perception of their technological skill - described as level of extent to which the test
subject feels comfortably with the technology.



18

Table 4.2. The video test subjects.

Age ‘ Years of owning driver’s licence ‘ Tech skills

43.9 ‘ 24 1 ‘ Average of 3.7 out of 5, where 3 is neutral

4.2 Video reaction time test

The reaction times were measured by distracting from the result the precise time at which
the object was entering the frame. Outcome of it can be seen in averaged results accord-
ing to the configuration 4.1 and according to the video instance in figure 4.2. The videos
were conducted in dry sunny conditions.

Time for respond Average reaction time (s)
Black video times 2.8061566
Colorfull video times 2.845620538

Low frame rate video times 2.368763985

High frame rate video times 3.289967763
Lowest resolution video times 2.551582906
Middle resolution video times 2.788769699
Highest resolution video times 3.180291317

Figure 4.1. Average reaction times for video test for different configurations.

Time for respond Average reaction time (s)
V1 4.027760737
V2 2.471617648
V3 2.651808065
V4 2.176105662

Figure 4.2. Average reaction times for video test.

Lastly, a few questions were asked regarding the personal feelings about the videos and
noted differences. Those can be found grouped according to the theme in Figure 4.3
below. 17 out of 27 interviewees did not feel that the change of any factors in videos
influenced their reaction times. Those, that stated otherwise, were expressing the state
to which they influenced the results as "liitle" or "a bit".
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No influence on video time
by resolution

Resolution difference

More difficult to see item Differences in watched

in black and white video videos T S

camouflaged because of
light conditions (but not
color issue)

Color bias difference,
speed of images

Easier to see objectin

The quality of video varied greyscale

Figure 4.3. Conclusions from interview analysis.

The video test had two test instances that needed to be retaken because of an error in the
software - if somebody did not press space bar in the first video then the file got corrupted.
Thereby, two tests were retaken by other subjects. Moreover, one piece of data even after
correction was erroneous. It is T7 correction (test 7) video 1C3 that was executed in too
short a time - test subjects reported that they pressed the spacebar in reaction to moving
of the car and not the object coming into the frame. That result was excluded from data
analysis.

The next test to happen was comparison test.

4.3 Comparison test

All tests were conducted in dry, sunny conditions. The test video recordings from ROV
were evaluated by rewatching them and reporting how many violations per type were
made. The data from Carla comes from the log files. Because of the missing bottom
camera in ROV the data regarding the line invasions might not be accurate. Lane inva-
sions in ROV were estimated from the video analysis (from gopro placed on top of the
ROV) while in Carla they come from log files. The dangerous situation stands for entering
the line going in the opposite direction while not overtaking a vehicle. Not all the data has
been successfully saved. The tables presented below display the success rate in tests
for Carla 4.4 and ROV tests 4.5. The success rate is assessed considering the fact of
collisions, the fact of lane invasion, presence of GNSS data (that will not be analysed in
this study but is essential for log files creation) and whether the data was at all saved.



[ - data zaved: results = positive, b - data
saved: results = negative, x = data missing)

TABLE : SUMMARY STATISTICS
" Lane
Total Collision ) GMNSS
Invasion
Y 3 8 9
N 1
X 3 3 3

Figure 4.4. Data status in carla subtest.

[ - data saved: resulks = positive, M - data saved: results =

negative, ¥ = data mis=sing]

TABLE : SUMMARY STATISTICS
Tatal Collizion Lane Inwasion
b 3 g
M 5 0
H 3 3

Figure 4.5. Data status in ROV subtest.
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The table displaying the line violation in Carla is listed in Figure 4.6. It categorises the
severity of line violation since the logging algorithm saves as line violation chunks of time
the car is not in the right line. Frequency is the number of lane invasions for each actor.
To calculate how long the lane invasion lasted, the assumption has been made of 25fps
(frames per second) as the average in calculation of the time outside of the lane. The
actors in table are the type of violations and they can be checked on the ASAM website
[1]- “None” stands for the area outside of the road, whereas “broken” stands for the other
lane. The severity was an arbitral perception of the situation by an experienced driver -

researcher.



TABLE : LANE INVASION DATA ANALYSIS (Carla)
H [X fps =25
S.No. Test Actor Frequency T Severity
assumed)
NONE 72 2.88 Medium
1 t
Broken 2l 1004 High
) e [ NONE [T 044 [ Low
| Broken | 34 | 1.36 | Medium
NONE 19 0.76 Low
-okel 9 1.16 Me
5 37 Broken 29 1.16 Medium
Broken NONE 2 0.08 Low
NONE 6 0.24 Low
4 31
Broken 32 1.28 Medium
NONE E 0.2 Low
5 t33
Broken 11 0.44 Low
. - [ NONE I 5 [ 0.2 [ low
| Broken | 15 | 0.6 | Low
. e [ NONE = 0.08 [ Low
| Broken | 11 | 0.44 | Low
a 136 NONE 8 0.32 Low
Broken 26 1.04 Medium

Figure 4.6. Lane invasions in Carla subtest.

The data from ROV is presented in figure 4.7. This data’s frequency differs from the
Carla subtest since in the ROV subtest the frequency was calculated as per unique lane
invasions and not the total number of invasion sections (as in Carla). Only the data
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coming from external gopro - displaying clearly the path of the car has been used for that

data gathering. The scale of severity was subjective and it was assessed by the video
reviewer. The reviewer tried to score the severity based on the extent to which the car left

the desired lane.
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TABLE : LANE INVASION DATA ANALYSIS

5.MNo. Test Actor | Frequency How Long [s] | Severity

1 e Broken 3 18 H:gh

MNaone & 20 High

Naone 2 3 Low

2 T36

Broken 3 14 Medium

3 — Mone 3 10 High

Broken 4 10 High

1 e

s s Broken 1 ? i Low
None 2 Medium

5 | 12 ] None | 2 | 5 | Low

8 | 7133 | Broken | 2 | 3 | Low

7 | T1aa ] None | 2| 5 | Low
g | 7135 | Nane | = | 30 | Medium

Figure 4.7. Lane invasions in ROV subtest.

Furthermore, the qualitative interviews were evaluated and coded, which can be found
in figures below. The numbers in specific nodes of the graph represent how many times
the information has repeated. Nodes with one number had one instance of situation
repeating. Those nodes represent the thoughts and are citations of the test subjects.
There are 4 graphs: Figure 4.8 relates to Carla test, 4.9 to the ROV test, Figure 4.10
compares both of these technologies and Figure 4.11 provides extra information coming
from the tests. Those answers also correspond to the Rov complex test results of which
are gathered in section 4.4.

Getting feedback of the
steering was realtively hard

Easier to operate a car when
taking down a leg from the 2

brake.

Hard to follow the map

E The hardest was operating

the brake pedal

Figure 4.8. Conclusions from interview analysis - Carla related.
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Stopping with not knowing
well the dimensions of the
car.

Camera position was making
the operating the car
challenging. 1

The greed was making a
person dizzy.
3

Delay was tricky.

The hardest was operating
the brake pedal

Stay within lines - control of
5 thecar

The pedals did not react with

Easii ; a proper flow - it was
asy to oversteer

il levelled. a

Figure 4.9. Conclusions from interview analysis - ROV related.

Landscape view in Carla - so
much easier to operate when
bigger DoV.

Looking on the map and
following the track was tricky
in both of them but more in

4

Comparison

Field of view was not
matching reality in the carlos
version

Steering wheel was not well
adjusted in both of them
5

Figure 4.10. Conclusions from interview analysis - Comparison related cites.

Seating position was good.
Monitor was good 6

Comfortable feeling overall
on the second test

Monitor gives in car feeling Extra information

Since it was a small car | felt Looking on the map was
unrealistic, somewhat in a very tricky

game z

Figure 4.11. Conclusions from interview analysis - extra remarks.

Lastly, quantitative TAM questionnaire data can be found in 4 separate figures. The first
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one 4.12 presents the data of carla subtests run without prior experience.The second
one 4.13 presents cases where the ROV subtest was done after already completing
carla. The third one 4.14 shows results of cases where the ROV subtest was first run
without prior experience. The fourth one 4.15 displays cases in which the carla subtest
was done after already completing ROV.

M Extremely disagree M Quite disagree M Slightly disagree M Neither agree or disagree M Slightly agree W CQuite agree

W Extremely agree

Using [this tehcnology] was similar to driving a real

car.

Using [this set up] allowed me to control the car .

safely.

| felt in control of the operated car. --

| felt sick while operating the car. _-

| felt dizzy while operating the car. _-

Learning to control the car safely (in real world --
context) would be easy.

| would easily learn to steer the car. -_
| would easily learn to safely accelerate and break. ._

100% 0% 100%

Figure 4.12. TAM questionnaire answers after first subtest of Carla test version.
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M Extremely disagree M Quite disagree M Slightly disagree M Neither agree or disagree M Slightly agree W Quite agree
W Extremely agres

Using [this tehcnology] was similar to driving a real

car.

Using [this set up] allowed me to control the car

safely.

I felt in control of the operated car. _-

I felt sick while operating the car. -_
I felt dizzy while operating the car. --
Learning to control the car safely (in real world _.

context) would be easy.

I would easily learn to steer the car. -_
I would easily learn to safely accelerate and break, --
Using this technology relates better to experience of _-

steering the car.

The degree of view is better than in previous car. _I

Using this technology is easier than [the one] before. --

100% 0% 100%

Figure 4.13. TAM questionnaire answers after second subtest of Carla test version.

M Extremely disagree M Quite disagree M Slightly disagree M Neither agree or disagree W Slightly agree B Quite agree

M Extremely agree

Using [this tehcnology] was similar to driving a real

car.

Using [this set up] allowed me to control the car

safely.

| felt in control of the operated car. _-

| felt sick while operating the car. _

| felt dizzy while operating the car. _l

Learning to control the car safely (in real world _-
context) would be easy.

I would easily learn to steer the car. -_
I would easily learn to safely accelerate and break. _-

100% 0% 100%

Figure 4.14. TAM questionnaire answers after first subtest of ROV test version.
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Figure 4.15. TAM questionnaire answers after second subtest of ROV test version.

After the comparison tests the test subjects took ROV complex tests.

4.4 ROV complex test

All tests were conducted in dry, sunny conditions so that the weather had minimal impact
on test performance. The recorded data is presented in Figure 4.16. Only the data
coming from the external gopro - displaying clearly the path of the car has been analysed
for that piece of data. The following factors were analysed: the number of violated road
rules, the number of wrong behaviour to the met scenarios on the road, time of completion
of the course. The table below shows the types of road obstacles and the number of
wrong approaches to them - missing it counts as wrong approach as well. There were
only 8 tests analysed - as for that many the research team had the valid data.
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