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ummary

Introduction

The main problems related to mobility are pointed out in the literature analysis. In order to

cope with these problems the researguestions and the research design are proposed. A

solution through the use of Smart Mobility by means of Adaptive Cruise Control technology is
4dz33SaiSRY 6KAOK YAIKG KSELI 12 AYyONBIFaS RNAYD
traffic congestion{i Kdza £ dzLJANJI RAy 3 GKS OAGAT SyaQ ljdz £ A G

Adaptive Cruise Control (ACC) is a system that lies within what is known as Advanced Driver
Assistance Systems (ADAS): electronic systems designed to support drivers with different
levels of assistance. AGE capable to automatically adjust the speed of the vehicle by
matching the speed of the vehicle ahead and a-geéined gaptime. In case that there are

no vehicles in front, ACC maintains a specificqefned speed. Even though the first ACC
systems etered the market long time ago and high potential benefits are expected to be
achieved with its use, the observed penetration rate is quite low until now. Therefore, these
proven facts (or observations) provide an opportunity to study in more detail tieN& Q
willingness to use this technology.

Research method

Ly 2NRSNJ (2 SELX 2NB 6KAOK OANDdzyaidl yoSa KI @S
a stated choice (SC) experiment is designed and an online questionnaire is used to collect the
data. he stated choice is a convenient method to employ due to the fact that hypothetical
situations are being analysed. This is done with the aim to answer the main research question
6126 FNBE RAFFSNBYUO RNAGAYy3I O2y RAdagtizeyCeuisel Y F { dz
Control?). The influence of the driving conditions ion the drivers is analysed in the literature
review. The aforementioned information is used to build up the survey instrument, which
contains the SC experiment. In addition, informatiordde NRAYy 3 NB ALY RSY
experience and socidemographic information, as well as questions to determine the
NBalLR2yRSyidaQ !'5!{ 1y26fSR3IS IyR (GKSANI RNAJAY
analysed with the use of descriptive analysisfdk S NB &LR2 YRSy G4 Q SELISNA S
regression model for the experiment section.

Results

The description of the results of this thesis are divided among three parts. The first part
describes the resulting sample, which is formed by 208 respusdeshowing their
experiences, socidemographic characteristics, etc. The second part focuses on the
SELISNAYSy(iQa lylrteasSa 6KSNB | 3ISySNrt Y2RSt
the last part describes the factors underlying the ACC choicesida and the willingness of

the respondents to possess ACC.

The sample of this research is formed by a highly educated group that consists of 68% male
and 32 female respondents. Half of the respondents are younger than 30 years old, which
considered tdoe a good age distribution. Their driving experience is evenly scattered through

\



all the levels, as well as the household distribution, which provides a good sample to analyse
the obtained information.

Aside the aforementioned information, the respondefits { y 2 6f SR3IS f S@St NB3II
also requested, which is used to formulate three groups of individuals depending on their
1y26f SRIS SGSt o0a[ 266> GaARRfSéE 2N al AIKE O
of most of the systems or have usdtem.

¢KS NBaLRyRSyiaQ RNAGAYy3d adetsS Aa ARSYGAFTFASR
GwSOl1tSaa FyR OFNBftSaasdszr a!yaNR |yR K2a 'Afé
respondents are evenly distributed between the four driving styleups that are used to

compare the similarities and differences among them.

After that, the general model and several additional models for separate groups are analysed

with an ordinal regression model to find out what driving conditions are the orfeseimcing

0KS dzaASNBQ gAffAy3IySaa (2 dzasS !/ / & C2ff28AY:
GKSNBE IINB F2dzNJ 2dzi 2F (GKS &aS@Sy |FOGGNAROdziSa
ﬂAffAyﬂySaa 02 mas I/ /| ® ¢ K Sch fositNdlylinflunéeS thd a {1 K $

dzZa SNB Ay GKS OFasS GKIFG F awS3dzf F NI 0AGNI AIKGO
RAalGlI yOSes KI & | uzax‘st STFTFSOl 6KSy O2yaiRr
FlILOGATdzZS¢ Aad GEBRAGEAW ﬁéaNanmeNAyayéaa 02
0SAYy3 WFNBakKQ Aa fSaa RSaANBR (2 | OGAQGFHGS !
GrAaroAfAdled YR AG Aa RSGSOGSR GKIFG GKS dza
(clolRf Saavé GAAAOATAGE aAldzd GA2Yy ®

The last part describes the factors underlying the ACC choice depisiking as possible
reasons to turn ON or OFF the ACC. The three factors are safety, comfort and fuel efficiency,
which are perceived as positive featurfes the use of ACC by the respondents. This is evident

by the fact that three out of four respondents who selected any of the factors in the suggested
dAbGdz- GA2ya NS alF ANSSAy3I¢é G2 GKS | OGAGS dza s
possesACC in a future car is asked, which indicates that most of the respondents are highly
interested in purchasing it.

Conclusions and recommendations

The majority of individuals is willing to use ACC in most of the suggested driving conditions.

This isconcluded since for the proposed situations the respondents are mainly agreeing (67%

G! ANBSS¢ 2N a{GNRy3Afe ! ANBS¢0 gAGK GKS adl dS\
positive than negative responses (meaning switching OFF the ACC). Additiaraitierito

be willing to use the system, the respondents are also willing to possess ACC in a future car,
which indicates a good disposition towards the system.

¢KS NBadz 6a AYRAOFIGS KAIKSNI £ S@gSta 2F dzaSNE
suggesting that increasing its usage is feasible. As part of the recommendations offered in this

research, governmentally subsidising ACC is suggested. This might be done to partially cover
the cost of ACC in order to promote the system and raise its pahefr rate.

Vi



Abstract

Problem AdaptiveCruiseControl (ACCpystemis a part of the AdvancedDriver Assistance
SystemgADAS)in brief, a time-gapwith the carin front and specificspeedis maintainedby
the systemwhichis pre-definedbythe driver. Despitethe factthat the first ACGystemsawvere
introducedin the marketagoandthe expectedbenefitsassociatedvith their usageshowhigh
potential, the penetration rate of ACCsystemshasbeen quite low until now. Therefore,an
opportunity for athoroughstudyinto the dza SvNlllagdesgo usethistechnologyis provided.

Objectives Thisthesisaimsto explorethe factorsthat affectthe R NA @vllingBeSsto turn
ON/OFRhe ACGsystem.

Method: A statedchoiceexperimentisdesignedandanonline questionnairesusedto collect

the data, which, main experimentaside,includesthe NB & LJ2 ydRing éxpefenceand
socioedemographic information, and questions to determine the NB & LJ2 y RBAB (i & Q
knowledgeand their driving style. Thedata from the experimentis analysedwith an ordinal
regressiomrmodel.

Results TherespondentdN=208)are mostlyagreeingn the activeuseof ACGor the majority
of the proposedfactors,with the amountof positiveanswersbeingdoublethan the amount
of negativeones.Thefindingspoint out to specificdriving conditionsinfluencingto a higher
dza SviNilignessto use ACCspecificallystraighthighwaysor a cloudlesssituationswith high
visibilityin comparisorwith the other I i (i NJeveldzZih&ndllingnesso useACQuringlong
trips comparedto shortonesisalsoincreasedFinally activateACGwith a highlevelof fatigue
rather than when the driver is rested is more feasible.In addition, regardingthe factors
underlyingthe ACCchoicedecision,the three factors (safety, comfort and fuel efficiency)
suggestedspossiblereasongo turn ONor OFFACGCare seenaspositiveelements.

ConclusionBasedon the resultsof this research the majority of the peopleis willing to use

ACQn mostof the suggestd drivingconditions.Additionally the respondentsare alsowilling
to possesA\Can afuture car,whichindicatesa gooddispositiontowardsthe system.
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1. Introduction

Very large urban centres and population growth are exacerbating a problem in mobility,

making the duration of commuting trips every yeaora time consuming, which ultimately
NERdzOSa ORA i Ak Eisdlep & [Dmal, &D1IR) Addition, theexistenceof
satellite or dormitory towns producea higherneed of commutingfrom that placego the
centre business districtsyhich isespeciallysignificantfor the bigger citiegHui & Lam, 2005)

Smart mobility has promised solutions for this problemby means ofmore efficient

transportation system. However, even though a solution is technologically postiele,
potential users must be willing to usiein order to take advantage of itenefits

1.1. Problemdefinition

In theexistentliterature there arepapersregr NRAY 3 G KS dzf SDMRAvahcédO S LJG Iy

Driver Assistance Syste)nsand even completely AMAutonomous Vehicles)n future
scenariogMolin & Marchau, 2004)Everthe research of Molin & Marchau is fromlong time
agofor such a new technology, we can consider that perceptions and preferences for
different Advanced Driver Assistance SysteAi3A$that wereanalysedn this researcthave

still somevalidity. It wasconcluded that personal goals have the largest impact on the general

attractiveness of the system and that drivers prefer a systaat does not completely
intervene in theirdrivingtask

Recentstudiesin the field of user ameptance of autonomous velés have determined that
users are not yet willing to use fully automated vehidiglegens, 2014)although there is a
group that is willing to release all contrddditionally Voermans(2015)studies what the
attributes are that benefit the mostfrom automated driving Voermansconcludel that the

best way to introduce this technology is at highways in combination with trips longer than 100

km with a medium traffic density.

However, &en thaugh some research has been done in the field of user acceptance of
autonomous vehicles, this technology is still in explorative phase and it is not present in the
market yet. Thereforeit is hard to get a clear resity G KS dzASNBQ gQnf f Ay 3y

the contrary; it is possible to study theesponsedo atechnology thathas been in the market
for already several yearshis is the case @&daptive Cruise Contr¢ACQ, a technology that
within the rest of the ADA systems arensideredasthe next step towards seffiriving cars
(Mosquet, et al., 2015)

In addition, helow penetration rate of ACC is something to be concerned about, asnadter
than 10years there has not beenralevantincreasein its use. ie penetrdion rate has raised
from 3.7%in the year 2011 t®.8% in the year 201®0drni, 2016)Also a6%has been reached
in the U.S. in the year 201Mosquet, et al., 2015 onsiderindgoth thelow penetration rate
and the long period of implementatio, KA & LINR A RS& | LISNF SO
consciousness towards this technologyhe reasons behind the lopenetration rateare
analysed, considering if i related withR NA @SuNiBgResstowards the use oACCor a
different reason. Therefore, a researnshdone for this Master thesugith the goal to discover

2 LILJZ



0 KS RWilingndsJo Qse AR different scenariosfor whichsome research questions
are expounded.

1.2. Researclyuestions

The objective of this research is to find out the potential of Adaptive Cruise Control (ACC)
technology regarding thevillingnessof the driversto activate ACCTherefore the relation
between users and ACC are analyseddtermine whetherACGwill be usedandunderwhat
driving conditionsWe can understand driving conditions as the environmental conditions that
influences the driver as well as internal factof$is research goal can be sum up in the
following main andsub-researchquestions:

How are different driving conditions influencifgNA @villingkeQs to usé\daptive Cruise
Control?

To answer the main question, some additional research questions are defined:

What are the characteristics of ADAS, and specifically of ACC?

What arethe expected benefits of ACC for users, society, companies and governments?
What are the most relevant driving conditions?

What is the current exposure to tee technologie®

hrwnNE

1.3. Research design

The goal of the graduation project is to understand whatwiistances increase or decrease
RNRA @3S NB Q ¢ AACGCAQAEOf theirdasois2o s tiat thistechnologyhas been
facing dow penetration rate, which could be producegidzd S NBE Q Rk additighJne @ |- f
to the fact that ACCis currently in he marketand ha some of the features of AV, a
comparison could be carriedut between both technologiesAdditionally, anticipting
possible problems of consumer willingness to use-@elfing cars is one of the expectations.

The processstarted with a literature review, followed bythe setup of astated choice
experiment. Aterwards, theanaly®s of the resultsare conducted. Finally, conclusions and
recommendations are providedThe research model that explains this process can be
observed irFigurel.



Stated Choice Experimeht
setup

Literature review >

Data analysis < Data collection < Survey creation

Conclusior&
Recommendations

P  Results conducted o

Figurel. Research model

Literaturereview

In order to obtain an exnsive understandingf the topic, a literaturereviewis conductedto

study what are the characteristics of ADAS and more specifically from ACC. Additionally, it is
also researched about the expected benefits of this syséemhwhat characteristics affect
drivers In addition b the literature researchinformation of expertsin the topicis usedto

gain insights and create a proper overview of the whole research.

Furthermore, to achieva good knowledge abouhe willingness from users to use a system
technology acceptance theoryalso researched.

After the literature review is finishedthe firsttwo sub-questions can be answered. The
material for the literature study is to be collected from scientific journals, reports, books and
relevant websits.

StatedChoiceExperimentsetup and survey creation

Fromexisting researckMegens, 2014)t has been determined that one of the best methods
to answer our research questiosa stated choice experimenthis is partiallglue to the fact
that the access to the technology itself is limited, as #wiippedcarsare from a small
numberandthere is no easy access to these resources.

Furthermore, statecchoiceexperiment isespecially useful to provide insights into problems
involving shifts in technological frontieby makinghe users react againstipothetical choice
situations which matches the scope of this theé@rillo & Maness, 2013)

Once the required information is obtained from the literature review, several attributes are
defined and selected to develop the experiment. These attributes represented by the
different driving circumstances.



Data collection and nalysis

A questimnaire with closed questions set up and distributed to collect the data of this
experiment Once thedatais obtainedthe analysis takes placehichisdone with the use of

a statisti@l analysis programThe softwaret L . a { t { { {s GsediTheXdétd ddthe H H £
choice experiment is analysed with ardinalregression model

Conclusions and recommendations

In the conclusions, the literature review and the results of éxperimentare discussed to
obtain an answer to the research questions presenidtk research objective is assessed and
the expected results are compared with the ones obtained. Additionally to the research
conclusions, recommendations for the involved stakeholdersfahde researchare given.

1.4. Social and scientific relevance

Social relevance

The governments must be receptive and understand what the needs of the population are.
Decide in what are they investing and how can this improve the quality of the inhabitants.
that sense, a research of how ACC is adopted can help the responsibles gartise this
information in thedecisiormakingprocesses and governance structures that, égample,
improve traffic flow.Manufacture companies can foctiseir efforts in specific areasf the
system toimprove its quality to the requirements of thesers Finally, individuals ansbciety

can benefit from any future improvement in the system.

Scientific relevance

Anticipate how the possible users are willing to usew technologies in the field of mobility
is necessary and especially crucial for the urban planidnderstand the impact of new
technology onthe road infrastructurecan be useful. From an academic point of view, the
research directly contributes to an increase of knowledge regarding thistdaty and its
relationship with the users. Ideally, the knowledge obtained from the resuiithis research
may serve aguidance for future implementation strategies of sdtfving cars, considering
that could anticipate some of the problems that A\¢heology could have to cope with.

1.5. Scope

This thesis involves passenger drivinghe Netherlands andloes not include, freight or
publictransportationas are considered to have different circumstances, which will modify the
results.The Netherlands haseveral projects thaaim to solve mobility, environmental and
safety issueswith the use of new technologies in the field of Smart Mobility. In addition, the
Dutch regulatory framework allows for the use of the highly extensive and sophisticated public
road system as a testing environment, and it is working to create a stable regulatory
framework in order to be legabtdo tests with autonomous cars. Tkisow the willingnessf

the Dutch government tdhave a role in the implementation of these technalesyin the
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(Connecting Mobility NL, 2016)

1.6. Objective andpected results

The main objective of this research isexplore under whatrivingcircumstanceshe drivers
are willing to use Adaptive Cruise ControBesides the reasons behirtdeir behaviour is
expected to be understood.he conclusions of this research provideearer picture of what
isinfluencig drilS NB Q g A f £ A y and tBraugh this? sugigEstSn whdt ways could the
positive features fostered and the negative weakened.

Additionally this ould lead toan increase in knowledge for getting an idea of what could be
the opinionof future users dautomated vehicles in similar circumstances. This calsiohelp

the carmanufactuing industry to produce a quicker user acceptance of-dekfing vehicle
once the technology is ready.

Gonsidering the existent literaturé can be said that most ohe drivers are more willing to
use ACC under certain circumstanc@$erefore, certain roads (highways) and traffic
conditions (calm)might be more favourabl§SWOV, 2010)in addition, Megens (2014)
suggest thatyounger drivers could be more willing teleasecar control than users who are
drivingfor a longer time and are, in general, less awaffeew technology.

1.7. Reading guide

This report is organisedith six chapters andgeveralappendices. Chapter 1 contains an
introduction in which the problem definition and research questions are formulated. Chapter
2 describes the literature review that has been followed. In chapter 3 the research method
that has been used for this thesisasplained. Next, in chapter 4 the results obtained from
the experiment are stated. After this, the conclusions and recommendations are included in
chapter 5, where the aswers to the research questions as well as limitations and
recommendations are providk Finally, the last chapter includes a discussion about the
results.
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2. Literature review

2.1. Introduction

Eficient and effective transport can help citizens to achieve their needs for mobility without
suffering from negative impacts. This can be achietleghks to the rapid advances
technology, whichenable a smasdr mobility within the application of successful transport
policies.The existent challenges are identified in ordeta&e advantagef all the potential

of smart mobility.

Challenges corerning mobility

The first challenge thamobility needs to tackles the increasing number of accidents,
consequencef the increase in theumber of vehiclesand trips According to studies from
United Nationg2015) the current world population of 7.3 billion will reach 8.5 billion by 2030
and 9.7 billion in 2050Furthermore the percentage of population living in the cities is also
expected to grow from 54% of the whole global population up te 78% in 205FDameri,
2014; United Nations, 2015Related withthe number of passenger vehicleshe current 1.2
billion global car fleet could be doubled by 2aQBG@rgay et al., 20077 his increase aggraes

the traffic congestion and leads problems of stress, pollution, loss of time, high travel times
and costs, and travel fatalities.

Therefore increasingoad safetyfocusingon a redudion of the number of travel fatalitiess
important. According @ the World Health Organizatio(2015) there are worldwide 1.25
millions ofroad traffic ceathsper year In addition, he vast majority othe accidents occur
entirely or partially die to human erras (NHTSA, 2008; Thomas, Morris, Talbot, & Fagerlind,
2013)

Finally,there is a need tomprowe traffic flow for reducingcongestion and stres&ffective
measuresshould betaken to avoid an increaseof congestion,produdng an even slwer

traffic.

Smart Mobility as the technological solution

In such a complex environment, Smart Mobility can play a key role in improving transport by
controlling systems efficientlyAutonomous or selfiriving carspromise to be the most
significant progess in mobilitycompletely modifying how people travel and improving user
conveniencelncrease in safetylower fuel consumption higher traffic efficiencypollution
reduction,improved productivityand especially significant user convenieacesome of the
expectedbenefits (Litman, 2015; Lang, et al., 201&) order to reach this level of vehicle
autonomy several stepseed to be donestarting with Advanced Driver Assistarfsgstems
(ADAS)Theseareadditional electronic devices that are installed in the vehicles for supporting
the driver in certain driving situations. ADAS focus on safety aspectaiell agncreasing
driving comfort. One ofhose systers is Adaptive Cruise Control (ACC), whdtory and
operational modeWill be explainedurther.



Advanced Cruise Control (ACC), also known as adaptive, active or intelligent cruise control, is
the evolution fromConventional Cruise ContrdfCEsystems.GACC not only maintains the
driver-set vehiclespeedbut also adjusts the vehicle's speed to that of a preceding vehicle,
helping to maintain a preselected headway time to the vehicle ahéa(EWOV, 2010)
Therefore,ACC can provide a potentiablution for some of the problems in thigeld of
mobility. In order to accomplish that, a high penetrationergs required, which until nowas
been slow since its introductio(Dragutinovic, Brookhuis, Hagenzieker, & Marchau,5200
Even the models introduced in 200tve achieved only about 6 percent penetration both in
the United Statesand worldwide after nine years on the markéMosquet, et al., 2015)In
addition,as thecarsincludingthis system are igeneral onhjhigh-endpersonalehiclescreate

a gap between what is technologically possible and whatéemplishedn practice(Marchau

& Walker, 2003)

Regarding the level of automation driviffeigure2) in which ACC can be positioned, thas
been identified according to both the Society of Automotive Engingz8%6)and the NHTSA
(National Highway Tr€ Safety Administration) levels. Considering their definitions, AGC is i
any case considered, at least frdevel 1. Moreover, when the level of ACC is measured
combined with other features, such as Lane Keeping A§s{g}, we can the consider that

we are facindevel 2 of driving automation.

Execution of Monitoring Fallback System
SAE Steering and Performance | Capabliity
lovel | Name Narative Defiwition Acceleration/ £$|m|n of Dynamic | (Driving

Deceleration Driving Task Modes)

Human driver monitors the driving environment

the full-time performance by the human driver of all
aspects of the dynamic driving task, even when enhanced Human driver Human driver
by waming or intervention systems

the driving mode-specific execution by a driver assistance
system of either steering or acceleration/deceleration using
information about the driving environment and with the
expectation that the human driver perform all remaining
aspects of the dynamic driving task

the driving mode-specific execution by one or more driver

assistance systems of both steering and acceleration/

deceleration using information about the driving Some driving
environment and with the expectation that the human modes
driver perform all remaining aspects of the dynamic driving

task

Automated driving system (“system”) monitors the driving environment [
the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task
with the expectation that the human driver will respond
appropriately to a request fo intervene
the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task, Syt
even if a human driver does not respond appropriately to a ¥
request to intervene

the full-time performance by an automated driving system

of all aspects of the dynamic driving task under all roadway System
and environmental conditions that can be managed by a
human driver

Figure2. Level of automation driving according to SAE

Human driver
and system

Besides technological and legal scqpeblems,which will not be part of our scop&e most
important challenges thabave tobe addressedare the human factor challenge3herefore,
this ismain focus of this research. Even without considering the case of full automation, when
is addresshe case of partial and high automation, the roletlo¢ driver startsto switchfrom



manual controller tobecome apartially supervisor of the system. Regarding the possible
changes in driving behaviour, a very important human factor is user acceptahtis

dzy’' R S N& (i yénRraldgrzementthat something issatisfactoryor right; or as theact of
agreeingto an offer, plan, orinvitationé (Cambridge Dictionary, 2017) y I f @ aAy 3 (G KS
willingness to relieve control over an autonomous vehicle and under what driving conditions
has been already studie{Yoermans, 2015)The different driving conditions apptg both

external factors influencing driving behaviours, such as traffic condioonseather; and

internal factors such as stresstrip distance

Related touser accedt y OS Q  LdKyPplann8eYoften tend to focus on sustainable
transport objectives and on data measurable impacts, ignoring more complex and hard to
quantify impacts, such as policies and human behaviours, which might play a greater role
(Garau, Masala, & Pinna, 201Aa¥lditionally although the impacts of individual policies might

be discreet its effects areaccumulativeand synerggc.

2.2. Advanced Driver Assistance Systefi3A$

Advanced Driver Assistance Systemest known with its acronyrADASrepresent electronic
systems that support the drivein their driving task. These systems atesigned to support

the driver with different levels of assistancBhe simple systems proviséenformation (e.g.
navigation,speed limit),most advancesystemsalso assistthe driver (e.g. advanced cruise
control, stopand-go)andthe last onedake2 @S NJ [ f f 2F (KS RNAISNDa
highway system). One of tlessentiafeaturesof ADAS as compared to traditizal road safety
measuresijs thatit directly intervenein the driving task, instead q@roviding an acoustic or

visual signalMarsden, McDonald, & Brackstone, 1999; Dragutinovic, Brookhuis, Hagenzieker,
& Marchau,2005)

ADASrovide support to the driver by performing certain parts of the driver's taskhat
sense, arautomatic gearboxould be considered a form of ADASonethelessthe term is
assotated withdifferent type of systemsAn overview of AD3 can be seen Figure3.

Advanced Driver Assistance Systems (ADAS)

\\ L S:::\':l/?om Lane Departure Warning System (LDWS)
- Road Departure Wamning System (RDWS)
Convenience Park Distance Control (POC) — Lone Keeping Assist (LKA)
Systems L Adaptive Cruise Control (ACC) L Poratiel Parking Assist
b= Low-Speed ACC b= Side Sensing: Blind Spot Monitoring
— Lane-Keeping Assistance (LKA) and Lane Change Assistance (LCA)
L~ Automated Vehicle Control — Comprehensive Loteral Control Assistance (LCA)
L SS,::::"“ Assisting Driver Perception Sn.";::r?;;g::rl ol Reaor Sensing for Parking
\— Crash Prevention b Adaptive Cruise Control (ACC)
I— Degraded Driving b~ Adaptive Front Lighting (AFS)
+— Precrash b= Night Vision
= External Vehicle Speed Control (EV b Safe Gap Advisory
I~ Forward Collision Warning
T';ﬂ"t Assist Vehicle Flow Management (VEM) +— Forward Crosh Mitigation (FCM)
ystems L Troffic-Responsive Adaptation and Avoidance (Active Breaking)
b= Troffic Jam Dissipation L Pedestrion Detection and Avoidance
b Start-Up Assist
+— Cooperative ACC (C-ACQ)
— Plotooning

Figure3. Overview oADASretrieved fronRiener(2009)



Adaptive CruiseControl (ACC)

ACC is essigned to automatically adjust the vehicle speed adaptively to a forward vehicle
More information regarding this system is given in the next sect®8),(for which it is not
extended in this paragraph.

Conventional Cruise Control (CCC)

CCC is ebigned to maintain a steady (constant) speed as set by the drAMep more
information regarding this sysite is given in the next section

LaneDeparture Warning (LDW)

This system isabigned todecrease the possibilities of the vehicle getting out of the road or
crossing into a different lane with the accident risk that this assuir@®V uses a camera that
recognizes the lane marks anérn thedriver when the vehicle begins to move out of its lane
without using the blinker signaln more advance modetsnallcorrectiveactions without any
driver input are possibleVhen there areno lane markings the systedoesnot work, and
would have diffialties with adverse weather. In addition, the system is generally inactive until
the vehicle passesspeed of 65 km/l{Dimitrakopoulos, 2016)

Automatic Emergency Braking (AEB)

t NI 2F (GKS &aeadsSyvya 3INRideei®B09)lthese dyteémE Bged & @ & (
combination of cameras and lasers with radar to detect vehicles in fidrgrefore is able to

detectan impending forwararashand aitomaticallybrakes are applietb avoid the crash or

reduce its severityunless the driver does it firgDimitrakopoulos, 2016)s especially useful

to reduce moderate and severe reand crashes.

Forward Collision WarningFCW)

The technology behind this systenonsists ofsensors that measures distance, angular
position and relative speed of the obstacles. When the system finds an obatatléetects
that there is a risk of imminent crashiradert the driver to so thatan use the brake or swerve
in time (Anders & Fang, 2006)

Fuel Efficiency Advis€FEA)

This system m@alyse fuel consumption while you drive, providimgultiple data regarding the
car consume, such as average km per lirehe current trip cost. With this information the
driver is able tadrive more efficiently even though the interpretation of the data has to be
done by the user.

Automated Parking Assist SysteAPA)

This devicanoves a vehicle from a traffic laneto a parking spqgtperforming all types of
parking, from parallel to perpendicular or angle parkihigis is achieved due to its coordinated
control of the steering wheel and speed, using the information provided by cameras and

10



sensors to ensure that the are no collisions with the other vehicles and park within the
available spac@aromtchik & Laugier, 1996)

Anti-Lock Bracking System (ABS)

This system that is now compulsory to be included in the vehicles is designed to maintain the
GSKAOf SQa sKSSta FNRY f201Ay3 dzLJ RdzZNAyYy 3 KI NR
to detect brake loclup and avoid it and assist the driver to retateering control, which

otherwise the manoeuvre would become impossible as the wheels wouldAhkaers & Fang,

2006)

Blind Spot Warning (BSW)

Using a variety of sensors this system provides the driver with informati@rdemdetected

vehicles located to th&& NA GSNDa &AARS FyR NBIFN gKAOK | NB R
other means. Some systems activate a sound alarm if they presence an object within a blind

spot, others provide cameras to transmit the blind spoage(Laukkonen, 2017)

Traffic Jam Assistandg§ JA)

This system (sometimes called stop & go) can be considered as a complement to ACC. Is
designed to follow the vehicle ahead and automatically operateabcelerator antbrakes in

congested traffic conditions, suchiaafficjams2 NJ LJS2 LJ SQ&a RIFAf & O2YYdziA
works at speeds below 70 km(Anders & Fang, 2006)

Downhill Assist Control System (DAC)

This system is equipped some largevehicleswith the purpose to helghe driver tomaintain
0KS @S KA Ot-Bx@/a dusingosmiill driving.oThe systems automatically deactivates
once the driver activates the brak&nders & Fang, 2006)

2.3. Adagpive Cruise Control

To put the research into context, the history of ABG&xplained. This i®llowed by the
differences between CCC and ACC. Fina@lypperational mode is described

ACC fstory

Thefirst generation of ACC systemsshzeen availableon the market(even thoughonly in
high-endcarmodels)sincethe latest years from th@0" century:1995¢ Japan 1998¢ Europe
and 2000¢ North AmericaBishop, 2005)Despite the long period of exposuiits use hasnot
beenhighlyextended.The quality ofthe system has improvedverthe years.enjoyingright
now from a highinvestment This investment is teome extendue to the competition of the
companiedor creating sekdriving cars anttaving an investma return at the same tim¢IHS
Automotive, 2015PwC Strategy&, 2016)
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The ACC systemthat are currently in widespread use are able to brdke the car driver
bringing the vehicle to a standstibndrecover thespeedautomaticallyonce the road is free

Cruise Control evolution (CEACCCACC)

There are currently in the market twgystems witimore or less similar characteristics as one

is the evolution from the previous one. These @enventional and Adaptiv@ruiseControl.

In addition, a new system is being researched, which is called Cooperative Adaptive Cruise
Control. However,tis researchs kept in the range of ACC and doest consider CACC, as

this system is still in development and would have the sgamoblems to be studied as an AV
could have.

The firstsystem is calledConventional Cruise Contrahd only maintains thespeed of the
vehicle atthe driverset vehicle desead speed. The second one is Adaptive Cruise Cqgntrol
which is the evolution frm the first one and is also known with the namesaative o
intelligent cruise controlThe mostsubstantialdifference betweerboth systemsds thatthe
latter not only maintains the driveset vehiclespeedbut modifiesits speed for that of the
precedngvehicle assistingo keepa preselected headway time to the vehicle ahgdders

& Fang, 2006)ACC uses a frontal radar/laser sensor to detieetvehicles in front an@djust
the speed and headway by controllitige fuel flow or slightlybraking The ative braking
performedby ACC caget up to maximally 30% of the vehicle's maximum deceleratidns

is calledbrakingauthority and it igypicallyfrom an order of 0.25g, being the full braking in a
typical carof 1.0g(Bishop, 20055WOV, 2010)

Considering only the differeecbetween different ACC systembetfirstmodels introduced

in the marketassissthe driver at relatively higher speedshereasthe newestsystens with
Siop-and-Go feature can be usedas well atlow speeds and should havke capability to
completelystop the vehicle and resume its speed after the road is (Bsnggyum, 2012
addition, the quality of the different models can be seen in aspects such as the time gap that
is possible to select.

Finally, the latest evolution of cruise control systeimsalled Cooperative Adaptive Cruise
Control (CACOnd is currently underrivestigation.The main dierenceis that CACQses
communication between the vehicles and/or between the vehicle and the road structure. This
communication allows the control system on any single vehicle to get information about other
vehicles ina platoon like the acceleration, the velocityr the brake control command
(Sanggyum, 2012)

ACQoperational mode

Considering what is said by the International Organization for Standardization(2@&0),
the main function ofACds to controlthe vehicle speed adaptively to a forward vehiclée
ACQontroller sendsnstructionsto actuators forconductingits longitudinal control strategy.
In addition, it providestatus information to the driver

ACC allows a driver to sé¢he desired speed as in normal cruise control; if a vehicle
immediately ahead of the equipped vehicle is moving at a slower sgbedhrottle and

12



braking of the host vehiclare regulatedto match the speed of the slower vehicd the
selectedtime headwayor gap. The desired speed is automaticallyat@ined when the
roadway ahead is unobstructed, either from the slower vehicle ahead leaving the lane or the
driver of the host vehicle chamgy to a clear lane. These operating modes are illustrated in
Figure4. Qurrently, the system®n the market monitor the forward scene using either radar

or lidar (Isser radar) whereaduture sysems may also use machine visi@shop, 2005)

Constant speed Decelerate Follow Accelerate

80 km/h ﬁ ﬁ
80 km/h ﬁ ﬁ

100 km/h 100 km/h — 80 km/h 80 km/h 80 km/h — 100 km/h
100 km/h 100 km/h 100 km/h 100 km/h

Figured. Operating modes for ACC (Source: Nissan)

The driveralwaysdecides whether the AC§ystem is turned ONr OFF In addition, he
desired velocity and the desired time headway are also determined by the preference of the
driver. The desired velocity refers to the veloditat the vehiclewill adopt whenthere is no
vehicle or obstacle in front. The time headway negents the time after which the lead and
the host vehicle will collidé the lead vehicle suddenly stops and the host vehicle maintains
its original velocityGaps are based on time headway, witpicalselections ranging from 1.0

to 2.2 secondsThe tme headway determines the desired relagidistance to the lead vehicle
(Sanggyum, 2012)

From a more technical point of viewhe system is composed of an observer,ugperlevel
controller, and lower level controllersF{gure5). The observer directlytilises measured
feedback signals, such as angular velocities of each wheel and acceleration, to estimate
unmeasurable parameters such as the vehicle mass, the aerodynamic coefficient, and the road
slope.Informationabout the lead vehiclare also measured by ssors such as the radar and
vision sensors. With measured feedback signals, all this informatiountiéised in the upper
controller. Theupperlevelcontroller analyses the information and decides the desired states

of the host vehicle and produces thesired acceleration of the host vehicle accordingly. The
desired acceleration commands from thgperlevel controller manage the lower level
controllers such as the engine control unit, the transmission controller and the brake
controller. However, the J@cle may not behave as predicted by the controller because there
are uncertain environmental parameters such as the road slope, the rolling resistance, and
the aerodynamic resistance as well as uncertainties in the vehicle dynamics. To overcome such

13



uncetainties the performance of the vehicle is measured and provided to thergbsystem
as feedback signa{Sanggyum, 2012)

Control System
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Figure5. Retrieved fronEanggyum(2012) overall ACC system structure

Currently most of the ACC modelgeratesonly above a certain speed thresholgually from

the order of 40 km/h. Moreover, uk to the fact that the braking authority of the system is
limited, in the cases where the distee between vehicles is closing very rapidly and additional
braking is required to avoid a crash, the driver is alerted to intery&mhop, 2005)

Stopand-Go ACCor Traffic Jam Assistan@e the most advancedystemsand ae able to
operate in congested traffias well After the traffic flow return into aregularspeed Adaptive
Cruise Controis thenused.This systenwas introducedor the first time irto the Japanese
market in 2004 Toyota, 2009)

2.4. Implications for society xpected benefits

The main objective of this research is to explore under what driving circumstances the drivers
are willing to use Adaptive Cruise Contiilit in contrast to the long period time in which ACC

is availalke in the market, low levels of awareness in the consumers are reported. According
to McDonald, et al(2016) only 35% of respondents knew ACC, which was the lowest
awareness from the reported ADAS. Additionally, FQ r@ported a low awareness (56%).

This is relevant because both systems are at several models integrated as a unique system,
which combination is considered to have the greatest potential to avoid or mitigate crashes
(Li & Kockelm@, 2016)
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ACC systems have been developed as assistant driving systems to reduce or remove the
RNAODGSNBQ f2y3IAGdzZRAYIT RNAGAY3IA g2NJf2FRP LY
progressive path leading to a future automated systeffao & Gao, 2010lor that reason,

from all the stakeholders involved, the users are tmes thatbenefit the mostfrom ACC,

mainly due to the fact that the manufacturevgant to know what elements create a higher

interest to the users.Taking into account that ADAS assist the drivers during the primary
driving task, it can banderstoodwhy the userare mainly benefitingAccording toPReVENT

(2009) ADASnform and warn the driver, provide feedback on driver actions, increase comfort

and reduce the workload by activedyabilsingor manoeuvring the car.

There are 4 main areas which ACC is expected to affect the currénvingperformance:
- Drivingcomfort;
- Traffic efficiency
- Traffic safety
- Fuel consumption

The main expected benefit from ACC is the increase in driving comfort for the deverab
studies have been conducted in which it has been shown that a higher workload is experienced
by paticipants in the manual conditiorgonfirming that automation withPACGs associated

with a workloadreduction This reduction othe workloadin the ACC condition might be a
causeof concern in very low traffic levels (leading to over relaxation that could lead to
accidents), whereas it would be a welcome relief undeny high traffic levels. It is &ky that

ACC will have its highest performandashigh demand situations asmobable means of
relievingdriver stress and workloa¢Stanton & Young, 2005; Vollrath, Schleicher, & Gelau,
2011)

Even thoughhasto bekept in mindthat ACC is a comfort based driving aid and that the system
is not designed to improve road capacity, there are othespects in which ACC cemprove

the current driving performancerirst of all ACGanmoderateroad capacity iheadways of

0.8 seconds or lesare possible to be achieved. In that caseall increases inapacityare
possible(Schakel, Gorter, Winter, & Arem, 201Dtherwise, ifdnger timeheadway settings
are adopted(e.g., 2.0 secondghis isindeedredudng the roadway capacity.onger time
headway arethe typical configuration from ACC, which mean that right now the traffic
efficiencyis beingdecreasedvith its use. In addition, de to the fact that theeecommended
headwaydistances from most governmentsis higher thanl.0 secondsthis createsa legal
problem in the case of an accident with ACC activated and keeping your vehicle at a lower
distance.

Previousexperiments haveshowedthat the driving behaviour with ACC leads to positive
effects in terms of traffic efficiencyDriving with ACCeduces the speed variability which
harmongestraffic. In addition if traffic flow is morecoordinatedthe number of accidentthat
occur can be moderated, increasng safety (Hoedemaeker, 2000Moreover, road safety
improvesassudden emergency brakingonditionscan beavoided as situation in which the
vehicle in front isdo closeare reduced VDA, 2015)This can be beneficial for all users, society
and governments.
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The useof ACC might beonsicered beneficial because it could prevent the drivers from the
Gailgatingdpractice.A positive effect on speed and time headweasth the use & ACChas
already been demonstrate(Piccinini, Francesco, Rodrigues, Leitdo, & Sin#iHs}) Based

on the researchfrom Piccinini, etal. (2014) ACGshoweda potential to improve road safety,
concerning thespeed and time headway maintained by the drivers. The speed of the
surrounding traffic and t minimum time headway settable through the ACC seems to have
an important effect on the road safety improvement achievable with the systénally the
security in adifficult situation such adrivingwith fog can be increasediue to the fact that
ACOO2dztf R SyYyKIFIyOS al ¥Sie 0S5 GuowdddSizLiie $Ti! dZa SNE BT |
Neverthelessthis wouldonly denote an increase in safety if thiFiver remains attentive in
order to intervene if necessafyVinter & Arem, 2016)

The last enefitin terms of trafficsafetyappearsdue toabetter performancedue to the fact
that more homogeneous driving speedse achieved with the use of AQ®arsden,
McDonald, & Brackstone, 200Burthermore a reductionin harmful exhaust emissiorasan
additional result of the reduction in acceleration variati@an be attained(Marsden,
McDonald, & Brackstone, 1999WOQOV, 2010)

Regarding the last faot, the fuel consumption can improve (reducing the consume), which is
seen through inulation and experimental results germed on a dynamic test benchn
whicha great reduction not only in fuel consumption but also in engine raw emissions when
comparirg the controlled with the preceding vehiclgas shown(Schmied, Waschl, & Re,
2015) Howevet there are also reasons to believe that an increase in fuel consume is produced
with the use of ACC. This happens due to the factwhtt long headways time, other vehicles
can get into your vehicle and the forward one, making the system to use the brake and the
throttle more times than with manual driving.

Finally, mtuitively, if a traffic congestiorreductionand a traffic capacityincreaseare given,
this shouldindirectly benefit the environment. Unfortunately, only a few research studies
have addressed this benefltowever,according to Xiao & G4@010) ACC systems do benefit
the environmentby reducing fuel casumption and vehicle emissions.

2.5. Influence of driving conditions

The last part of the literature reviewescribes the driving conditions that determin¢he
willingness of the drivers to use ACEfter Adaptive Qruise Control is implemeated in
complianceg A G K dzA SNBE Q LINBE F S NS gxpestéd tdake glaca Rngrfbredza 1 3 S
in order to identify what driving conditions should be considered in the choice experiment,

first has to bedetermined the most relevant for ACC users.

Theway in which the users perceiveew technology directly affects the way in whidhis
introduced into the market.ACC is a technologtihat has primarilysold by the car
manufacturers as comfort function, relieving some of the stress on the drivéSanggyum,
2012; VDA, 2015However, this might not be the main focus of the users and this is why all
different possibilities are studied.
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The firstparagraphexplains the external driving conditions (environmeamy how the driver
Is influenced The second paragraph discusses the internal driving condittonally, the last
paragraphdescribeswhat the personal characteristiese.

2.5.1. External driving conditions

This section considers all the aspects thatreat be influenced by the driveand are given by
the specific moment in which the trigakes place

Road type

The type of road in which the drivirigkes place hasn between other influences, a direct
impact in the speed and an indirect impact the typeof trip. The influences of different types
of road in user acceptance of AV haeen already tested in different papefslegens, 2014;
Voermans, 2015)The most common division for this attribute is to divide with three
distinguished levels, which are:

1. Highway
2. Main (urban) road
3. Local (rural) road

Speed limit

Additionally, in a similar division than with the road type can be directly considerethaot
type of road in which you are driving, which is related to a certain number of lanes, speed,
etc., but the speed limit. Using the research fr8agberd1999) this attribute can be similarly
divided in three levels:

1. 100 km/h or higher;
2. 60-90 km/h;
3. 50 km/h or lower.

Traffic intensity

The traffic intensity has an obviousfintizSy OS 2y § K S; h&s&dega/&ldlitiod S K| T A 3
between density and speed, and subsequently sglfiety. The number of violation of drivers

exceeding the speed limits is increased if the traffic density esabl@Hakkert, Gitelma,

Cohen, Doveh, & Umansky, 2001)

According to the capacity levels given by fhansportationResearch Board (TRE&010)

GKSaS NS 3ISySNIffteé RADARSR A the Righdst qialBydEt & 2 F
servicel Y R RS a O NWaifi& fiowsAfréely lwigh litle or no restricns on speed or

YI y2SdzoNI 0 &€ i4 codsidapedHe fweérs Bvel, which takes place whem very

congested traffic with traffic jamss found (considerable delays)n order to reduce the

number, the levels of traffic densitgre reduced to three and these are tlggven labels:
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1. Very high (Traffiam: almost stopped)
2. Normal (Average to high density)
3. Low density (Calm, easy to overtake)

Road condition

The influencdrom the road conditionn the user has not been analysed yet in the ambit of
AdaptiveQuiseControl. Even thoughan existent research analysde influence of different
NREIR O2YyRAGAZ2Y & Ay (KS dzd S NEaD Kddddh 268188 ¢ OS a
similar way two scenarios can be considered

1. Regular (Staightroad);
2. Difficult (Exit lane, sharp curve or a junction)

Visibility through weather conditions

The driving tasknight beinfluenced by weather conditions, increasing its risk wherehicle
driver faces adverse weather, such asain, fog or snowAccording toMesken(2012) the
driving behaviourof the vehicle userds adjustedto the weather but not enough to
compensate the higherisks.Supported bydifferent researche¢Bijleveld & Churchill, 2009;
van Kampen, 2015)his attribute has been dividkinto three different levels

1. High Clear, cloudless)
2. Medium (Rainy, snowy)
3. Low (Foggy)

Lighting

The effects of road lighting have been analysed in several st(\asvik, 2008; van Kampen,
2015) showing that the task requirementre highly influenced by the lightingo analyse
the effectsof each lighting condition, three levels are proposed

1. Daylight
2. Nightlight with lighthg switched ON
3. Nightlight with lighting switched OFF

Time interval

Similarly to the previous attribute, the time in which the trip takes place can have an influence
in the user behaviour. Considering the research fri8agberg1999) this attribute can be
divided in two levels:

1. Midnightc06:00 h
2. 06:00 h Midnight.
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2.5.2. Internal driving conditions
This section considers all the aspects that afeienced by the drivehim/herself.

Roadfamiliarity

The knowledge that the user has from a particular road can influence its behaviour, affecting
the way in which they drive (e.g. being slower if it is unknawinaving more trust if it is
familiar). Thisattribute has beenusedin other simila researchesas well(Megens, 2014;
Voermans, 2015)n that sensethree differentiated levelan be used

1. Very familiar (daily trip)
2. Somehow familiar (sometimes trip)
3. Unfamiliar (new destination)

Level offatigue

In general, dtigue affects task performance. According to the European CommiG2089)
fatigue produces @ édlliction in alertness, longer reaction times, memory problems, poorer
psychometric coordination, ankss efficient information processifigin addition, this isan
attribute that hasbeenpreviously used in other studi¢gan Kampen, 2015 order to rank
this attribute with three differentiated levels the&samnPerelli 7-points scale for measuring
fatigueis taken as a guidelin@illar, 2012) Therefore, reconverting the seven levels into a
scale othree levels:

1. Low (Very alert, wide awake)
2. Middle (A little tired, less than fresh)
3. High(Fatigued/sleepy, difficult to concentrate)

Trip distance

The research dEtemadet al.(2012)suggess that a filtering criteron of trip distance is used

to analse the usef a navigation system depending on thigtlength.The study proafthat

the trip distance influences the behaviour of the driver, requiring more concentration the
longer trips. The distribution of trip lengths that is used is the following:

1. Long (> 100 Km)
2. Medium (20¢ 100 Km)
3. Short (< 2Km)

Reason of the trip

Thereis always one or multiple reasons to drive from one place to anotf@stent research
have analysed what are the most common reasons for driving, considering what is the trip
purpose. Using the research bfackett (2003) three of the most common motives behind
have been used to divide this attribute.
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1. Commuting
2. Groceries/shopping
3. Social/pleasure

Number of passengers

The last attribute that is considered is the presence adsgamgers in the vehicle. Travelling
alone orwith people8 ¥ SO0 a (KS RHAWNG SoNRasitive diggsryeSporsitility
for the driver) and negative influences {bg distracted by the passengey(d efft, Williams,
& Grabowski, 2012)This attribute is divided into the following two levels:

1. Travelling along
2. Travelling with 1 or more passenger

2.5.3. Personal characteristics

Finally, more information about the drivdrim/herself should be identifiedThe driving
expeaience of the user, the driving style, and sediemograhic information such as gender,
ageor education a important to properly analyse the resul€heckMarket, 2013Yhat way
the factors with a bigger influence can beaexined.

Driving experience andhileage

The experience from a driver can be measured taking into consideration the yedniging
experience and also their annual mileage. There istrang relationship betweenthe
experience of the driver and thekills that are obtained.

Resultsfrom the study ofNabatilan, Aghazadeh, Nimbarte, Harvey, & ChowdHi{afi1)
concludethat the novice driverpay more attention tahe dashboard area (36) thanto the
front and centre view (1%). On the other hand, the experienced drivers fixatederan the
front and centre (3%)than compared tdhe dashboard are12%).

Age and gender

In severalresearcheghe difference in driving behavious studiedtaking intoconsideration
differences inage and gender of the driveHolland, Geraghty, & Shah, 2010; Zainuddin,
2015)

Regarding the ageresearch has repeatedly foural correlationbetween driver age and
accident riskin addition, a peoplegrow oldtheir driving style and skillare also changing

Considering the gender sid¢he aforementionedresearcles show that maleshave in
comparison with females greater propensityo drive aggressivelgnd take riskdn contrast,
the results alsgooint out a higher level of focus on the road fromatas comparedwith
females.

20



2.6. Human factonssuegegarding HAS/AC

lye ySgte RSOSt2LISR (SOKy2f 23 adifelyican aBobiing Ay T
changes to societyThis is the reason why the possible human factor issues regarding ADAS
are analysed.

The research from Dragutinovic et £005)suggess negative effects on driver behaviour
regarding ADASThese negative effectre seen in different aspectd he first aspect is the

warning system design of these systems. When any of these systems provide too many

g NYyAYy3I ardaylta GKA&E OFy NBadzZ G Ay dzaSND NB2
sensitive and incrase the workload of the driver instead of increasing the comfort and safety
(Anders & Fang, 2006)

Regarding the quality of an ADASddionallyto a good algorithma welldesigned driver

interfaceis also neededas this dfcts both a quickiserresponse and ultimatelf G & &a& &G S Y«
acceptancdlLee, Hoffman , & Hayes, 200Bdr example, a loud auditory warning produces a

quick driver response time but in the case that this happens with a higiuémcy (over

sensitivity or false alarms), also would reduce its acceptanegean shutting down theystem

if possible Therefore, this effect should be minimized.

In the book from Bishof2005) the importance of avell-balanced ADAS is highlighted in order

to get an effective system. The reason behind this is that if the driver is over confident with
the system this can reduce his/her attention. On the other hand, under trust in the system
prevents the driver fromaking notice of the warnings or to directly deactivatelitis suggest

that the design of an ADAS system interface should contribute to maintain the driver active
and alert. An additional issue regarding over confidence take place if the driver uses the
additional safety margin for increasing the risks or pay less attention to the driving task that
when driving without ADAS.

Finally, the research of Saf2D04)points out the importance of other elements besides those
LINSOA2dzat & O2YYSYUSRd® ¢KSNBEF2NBESX AYRAQDARdzZ f
degreesof drivingexperienceor personality traitsk NS KA IKf AIKGSR F2N GKS
adaptatiofy G2 RAFFSNBYyG !5/ { o LY FRRAGAZ2YSZT GKS 4R
the different impacton systems such as ACC. This is defined as the driver characteristic that
typifies the personal way of driving (speed, safety margins, attenéitm) and described as a

relatively stable.

2.7. Driving style

The driving style refers to the manner in which drivers drive and is defined by different factors
such as speed, headway, and habitual level of concentration and confidénather way to
definethe driving style is the extent to which each factor is characteristic of each pnésh
means what are theR NA @yBiddkbahaioural patterngMiller & Taubman BenAri, 2010)

In the research from Rowet al. (2015) a relation between driving styleand crash
involvement,ordinary violatiors and errorscommitted is provedin addition,TaubmarBen
Ariet al.(2016)researchshow howselfreport instrumentsare consistent and point toward a
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predictable wg with measures of actual driveSherefore, the validity and reliability of this
method as a tool for research and evaluation purposes is proved.

Hence, in order to determine the ding style of car drivers, the researchi@ubmanBenAri

& Skvirsky(2016)is used. Tis study propose a Multidimensional Driving Stylenventory
6a5{L0 Fta GKS YSGK2R (2 BRSicSnMd i itheshde® S NQa
used during 10 yearsan be considered a consistent research. In additicopading toHooft

van Huysduyneet al. (2015) the MDSI isusefulto understandthe influence ofdriving style

onR NJA @vllingEeSs to use ADASonsideringhat what influence one group may havork

at all for another group, but can be used for individuals from the same gpyofiling drives

may help to identify common characteristics betwesachgroupof drivers.

As previously stated, the research of TaubrBanAri & Skvirsky(2016)is used, and the
following four types of driving styles identified through the use of-fdetor-scale
questionnaire

- Factor 1.Anxiousdriving style: dReflects feelings of alertness and tension vesl as
ineffective engagement in relaxing activities during driging
- Factor 2.Reckless and carelesBivingstyleY awSFSNR (2 RSt A0SNI
driving norms and the seeking of sensations amdlls while driving. It is characterised by
driving at high speeds, passinginbdr 8 aAy 3 1 2y Sas FyR RNAGAYy3I 6K
- Factor 3. Angry and hostile drivingstife a wWSFSNAR (2 SELINBaarAz2ya
hostility while driving, along with tendency to act aggressively on the road, including cursing
20KSNJ RNAPGSNAEZ K2y l1Ay3d KS K2NYys> 2NJ FflakKAy3
- Factor 4. Patient and careful driving stiffe & w S T tadustaddrivingbieHaviours,
such as planning ahead, paying full attentiorthe road, displaying patience, courtesy, and
OFrfY 0SKAYR (UKS ¢gKSStzX FyR 20SeAy3a (GKS OGNITFTF

2.8. Conclusions

Through thditerature review, the answesxfrom the first and secondub-research questions
are answeredAdditionally, it provides the necesy background to generate an experiment
design with thesufficient information required, such as the influence of multiple driving
conditions which allows answiéngthe additional sukresearch questions and finally the main
one.

The first subresearch questio{dWhat are the characteristics of ADAS, and specifically of
ACC®), is answeredthrough the information provided inSectiors 2.2 and 2.3 The
characteristics of Advanced Driver Assistance Syséeendescribedind a selection dbm the
most relevant and representativ&/stemsare given. These electronic systems can support the
driver in several of their driving tasksjch asonvenience ystems €.9.ACC or LKA), safety
systems €.9.AEB), lateral contraystemge.g.LKA) or lngitudinal controkystemge.g.FCW

or ACC)Additionally, more emphasis is given for A&§ystem that even thougls presentn

the marketduringa long period of timghas not achieved a higtenetration rate
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The second sublB & S | NO K WhatzBeithe xattedbénefits of ACC for users, society,
companies and governments® X A& FYA6SNBR (GKNRddzZAK (RHS Ay T2
the main areas in which ACC is expected to influence any of the aforementioned stakeholders
are driving comfort, traffic efficiency, traffic safety and fuel consumption. There is a general
agreement in that the first one (driving comfort) is achievedny aase with the use of ACC.
However, there are still some discrepancies for the other three. Is expected that the traffic
efficiency improves but only under specific circumstances, having otherwise the opposite
effect. In regards of the traffic safety ast all the authors agree that the use of ACC can
increase safety, keeping in mind that the driver shotdthainattentive in order to intervene

if necessaryThe last aspect (Fuel consumptiocgn provide positive or negative results as
well.

Besidesbtaining the necessary informatidio answer the first two sulsesearch questions,
the most relevant driving conditions that are used in existent literature are obtained. With
this full list of attributes the suitability to use some of them to reach theeagsh goal will be
discussed. There are some attributes that are not convenient to be aseds further
discussed

The first consideratiors made considering thaas seen in the literature, ACC has primarily a

comfort function with fluent or interrupte traffic in highwayskor this reasorthe only type

of road that is analysed are theghways In addition, in order to clarify the most as possible

the experiment, the most common type of trip that is done according to the literature study

is exclusivel used, removing all the others from a possible scendii@refore,commuting

which is the most representative type of trip is used. Finailyddingthese simplifications an

additional attribute can be taken out of the experiment. This is the case fiokhS da w2 | R
FIEYATAFNRGEES gKAOK Ad YySAUKSNI O2yaARSNBR R
place for commuting in a highway is, in essence, familiar.

Finally,the research o human factors shows the importancé several factors influemeg
RNAGDSNBQ 0SKI @A 2 dzNJ {ADAS.RAnaligsthibde XattorsiiiddividBad F F S
characteristicsi dzZOK & RNA @SNIDa drivihgexperBrisg/aRdSpeEonalkyS 3 NB
traits (such as driving stylare highlighted.

NB
S
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3. Experiment design

The following chaptedescribes the research method that is used during this graduation
thesis. The theory behind the choice data expennts is described andniaddition an
explanation of how this Stated Choice Experiment is constructed is discussed.

3.1. Sated choice experiment

In this research, the work of Hensher, Rose & Gre@®45)in their 6 2 2 Appliéd Choice
Analysis will be followed.Therefore, the information included in this section is based on the
information given by the aforementioned author.

For the constructiorof the experimental design there are two possibiliti®eyvealedChoice
(RO andSated Choice (SC) data.(Rlata refer to situations where the choice is made in real
market situations; incontrast SC data refer to situations where a choice is made by
considering hypothetical situationsC8ata are especially useful when considering the choice
among existing and new alternatives since the latter are not observed in RArdatidition,
lower budget and less time from the respondeigsecessarasthose are not required to
face a real situation, but only to be presented with aypotheticalscenario These are the
reasons whystated Choice used Hencethe respondentarerequired todecideabout ther
willingness tause ACC idifferent hypothetical driving situatios

The basis of an SC experiment is an experimental design, which involves the observation of
the effectof onedependentvariable, a response variable, given the manigolabf the levels

of one or more otheindependentvariables. This manipulatiarccus by design, determining

what manipulations to make.

The steps followed to creat®S3ated Choiceexperiment are shown in thnextparagraphsof
this sectionand are summarised iRigure6.
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Stage 1 Problem refinement .‘_

v

Stage 2 Stimuli refinement
» Altermative identification
» Aftribute identification "
» Aftribute level identification

v

Stage 3 Experimental design consideration
+ Typa of design

+ Model specification (additive vs interactions) +
+ Reducing experimant size

v

Stage 4 Generate experimental design |
Stage 5 Allocate attributes to design columns

» Main effects vs interactions

v

Stage 6 Generate choice sets
Stage 7 Randomize choice sets
Stage 8 Construct survey instrument

Figure6. Experimental design processtrieved fromHensher, Rose, & Greef2915)

3.1.1. Stage 1: Problem definition refinement

¢CKS FANRG adFr3asS G261 NRa RS Ndindihy ghdetstarlingiof OK 2 )
the problem being studiéd Hence, it begins by defining the problem clearly by determining

the research questianthat are needed, as well as those that are irrelevant and can be
avoided.

In our case, the objective of the researchadind out the potential penetration of Adaptive
Cruise Control (ACC) technology regarding the acceptance of its Tikergfore,the main
research question is defined determine whether ACC is accepted and in wdaatditions:

How are differentriving conditions
Ay Tt dzSy Owilingnes® idugdGaptiieCruise Control?

After the research problem is propengfinedthe next stage of the design process can start,
which is the refinement of the stimuli to be used in the experimental design.
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3.1.2.  Stage 2: Stimuli refinement

The stimuli refinement iglivided irto two parts, starting with the alternatives identification
and refinement and finally the refinement of the list of attributes and attribute levels.

The first part involves defining a list limited alternatives available to the decision makers
The alternatives in this case are the multiple driving conditions that are creating the
hypothetical driving scenario# thatlist, allthe alternativesare identifiedin order toachieve

the dobal utility maximsing rule. Afterwards some of the alternatives from the lisave to

be rejected, avoidin@ large number of alternative create a studywith a convenient
number. Finally, if the list is up to 10 alternatives it is possible to not discard any at all.

The second part involves determining the attribute levels of each of the alternatives. A
different weight is attached to different levels, having a correlatin between them.
Additionally, an attribute level labat given represented by words in a qualitative way.
Finally,the number ofattribute levelsof each attribute is decidedeing the main difference
that when only 2 levelare giventhere isa linear utility relationship, whereathere is a non
linear relationshipyvhenthere are 3 or more

After the aforementioned steps are conducted by following a literature review (Se2t)n

and expert knowledge feedback, a complete table with the attributes and attribute levels is
obtained [Tablel). In total there are seven attrilies, five of which have al@vels dimension,

and the other two have 2evels.

Due to the fact that ACC has primarily a comfort function with fluent or interrupted traffic in
highways, the first consideration is tmly analyseone type of road, which arthehighways
leaving all the others out of this researakdditionally, the most representative type of trip
done when using a highwaygemmuting (SWOV, 2013yeason why the other trip reasons
are not consideredFinally,an attribute such agoad familiarity is not consideredlue to the
fact that it can be easily argued that a commuting is essentially familiar to the driver.

Tablel. Attributes and attributes levels
Attributes Levels Labels

Nightlight with lighting ON
Nightlight with lighting OFF
Low (Venyresh)

Middle (A little tired)

High Yery tired

Level of fatigue

Trafficintensity 1 High (Trafficjam)
2 Medium (Interrupted flow)
3 Low Eree flow
Road condition 1 Regular (8aight road)
2 Difficult (Kit lang sharp curveX 0
Visibility through veather 1 High (Clear, cloudless)
conditions 2 Medium (Rainy, snowy)
3 Low (Foggy)
Lightingin the road 1 Daylight
2
3
1
2
3
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Trip distance Long (> 100 Km)
Medium (20¢ 100 Km)
Short (< 20 Km)
Travelling alone

1 or more passenger

N° passengers

N F, WDN P

3.1.3. Stage 3: Experimental design considerations

At this stage, thecodethat is used ixhosen.The original code given to the previous table
(Tablel) is thedesign codavhichhas to beconverted intoa dummy or effectodingin order

to analyse the datarhe design code assignéach attribute level a unique number starting
with 1 until L, being L the number of levels of each attribuie that case, SPSS adopts as the
base variable the one with a higher numb®/ith dummy and effect codinghe dfference
remains in the coding dhe base variableFordummy codeO is adoptedwhereas for effect
coding-1 is usedThe coding difference from these designs can be sedable2.

Table2. Comparison of design andmmy effectcodng

Number of levels Designcode Dummycoding Effect coding
2 1 1 1
2 0 -1
3 1 1 0 1 0
2 0 1 0 1
3 0 0 -1 -1

Therefore the way of coding the levels of tivariables is chosennthis case, a dummy coding

is used due to the fact that with SPSS the design code is directly reconverted into a dummy
coding.Additionally the last levéis taken as the base category, which metrat the level

used as a base categasithe secondone for those with 2 levels; and the third one for the
categories with 3 levels.

Taking the full factorial design into consideratidimere are intotal 972 different treatment
combinations (3- 2=972). This is due to the fact thalhere are5 attributes with 3 level$3®),

2 attributes with 2 levelg2?), and it is an unlabelled experiment. Due to the fact that
respondng to this amount of sets would be nearly impossitdeedudion of the number of
choice setds necessaryThereare fourstrategies to reduce the numbgHensher, Rose, &
Greene, 2015)namely:

Redue the number of levels used within the desjgn

U< fractional factorial designs

Blockthe design

Usea fractional factorial design aabined with ablocking strategy

hrwnE

As thefirst strategy cannot be used, due to the fact that the attributes and attribeteels
havealreadybeenfixed, a fractional factorial design is us&u combination with a blocking
strategy
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By using a fractional factorial gign, only a fraction of the total combinations is considered.

In order to do that, orthogonality must be achieved, meaning that each possible pair of
attribute levels appears an equal number of times over the design. In addition, the possible
main effect(direct independent effect of each attribute upon the response variath®iceg

and interaction effectgobtained when two or more attributes are combined, which would
not have been observed if considered individugtyave to be consideredFinally the degrees

of freedomhave to be definedmeaning how much information is present in the design and
how much igequired to estimate a model).

In addition, the designs blocked This involveslividing the whole design into 3 different
blocks and givig each one to a different respondent. The result of that is that 3 different
decision makers are required to complete the full design. Hence, for a design of 18
combinatiors, each decision maker recew® out of the 18 treatment combinations. Itnis

case a similar strategys used, as instead @fiving six fixed set to each respondents, the
program that is usedandomly allocatesixtreatment combinations to each decision maker.
This is done in an organised way which ensures that all alternatives aner@tsa similar
number of times.

3.1.4. Stags4 and 5: Generating experimental designs

Even thoughusingsoftware to generate experimental designs is not bestmethod, obtain
effectivedesignss possible Therefore, with the use of statistics program S#®Sractional
factorial design is create@dnd 18 alternatives instead of the originally 9@& generatedIn
Table3 the matrix with all 18 options that are usedrfthis experimentan be seen

Table3. Alternatives with attribute levels
Attributes

Traffic  Visibility Lighting Fatigue Distance Rcondition Passenger
1 1 1 1 1 1 1

Alternatives
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3.1.5. Stage 6: Generate choice sets

Discrete choice models are required to accomplish three conditioash Ehoice situation
consists offiexhaustiveandfinite set of mutually exclusiv&alternatives. This implies thatbe
datais captured and there exists senmatural limit to the number of alternatives preseut
In this case there is basically a choice set of 1 alternative from whiatheitision makers are
able toreflect. The reason behind that the importance to qualitative against quantitative
data indiscrete choice models, being of higher importance to kmdéwat is chosen rather than
how much

3.1.6. Final StageConstruct survey instrument

The final step is to create a questionnaimneorder to collect the data from thig&ed Choice
experiment. For thapurpose an online survey todthat was developed by th&indhoven

University of TechnologyalleR & . SNA 9 y |j HUS (i Bhis has doiné adéantdgeés indza S R

comparison with other similar system§he first one is thathe information remains private
from external organisations provitg similar survey system3$he second advantage is that

is possible taandomse the choice sets of the stated choice experiment and provide to each
of the respondents 6 different alteatives, keeping track of how many times hesch one
been replied in order t@ollecta similar amount of answers from all 18 alternatives.

3.2. Survey instrument

The survey iglivided irno 4 parts. The firstone comprise questions about thedriving
experience and technologyexposure The secondpart consists of questions about driving
style. Thehird part containsthe main expement. Inthe lastpart, several questions regarding
socicdemographic informatiorare presented.

Besides these four partbefore startingthe questionnairethere is an additional question to
know if the respondenhasa drivinglicenceor not. This is donen order to filterout those
respondents who are not part of the target gro(grivers) Whena negative answer is given,
the respondentis lead out of the survey and a message thanKigtheir participation and
explainingwhy they are not part of the target grouis displayed.

3.2.1. Partl: Driving experience and technology exposure

First two short questions are asked todig outii K S NB a leefienSeyittadaving.
Two questions are asked in this part, the first one to kmminghow many yearshey have
been driving andhe second one to identify theweekly or annual mileagén explanation of
how to easily calcate this number is also showRigure?).
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Section 1: Driving experience.
What is your driving experience?

5 years or less
6-15 years
16-25 years

30 years or more

What is your weekly mileage*?
I don't know
Less than 200 Km (= 10,000 Km per year)
200 - 400 Km (= 10,000 - 20,000 Km)
400 Km or more (=~ 20,000 Km per year)

* As a rule of thumb, double the average kilometres you travel from home to work per day. Then multiply this number for 7 days a week.

Figure7. Driving experiencguestiongQuestionnaire screenshot)

Secondly, the exposure and knowledgg current technologyis asked This is done by
requestingwhat is theirknowledge abou8 different ADASTherefore, they are asked whether
they DOor DONOT know thesystemand if in addition toknowing it they have éso USED it.
Besides the name of the systemshort explanation of what the system does is provided.
Hence, information abat the current knowledge of the followingystems is expecteatbe
collected.

- Forward Collision Warning (FCW)Designed to alerthe driver to a hazard ahead so
that he/shecan brake or swerve (deviate) in time

- Lane Departure Warning (LDWDesigned to warn the driver when the vehicle begins
to move out of its lane

- Fuel Efficiency AdvisgfFEA); Analyse fuel consumption while you drive, providing
feedback to drive more efficiently

- Automated Parking AssigfAPA)¢ Autonomous camanoeuvringsystem that moves
a vehicle from a traffic lane into a parkisgot

- Blind Spot Warning (BSW)Designed to detec | KSNJ @SKA Ot Sa 20048
side and rear (back)

- Conventional Cruise Control (CG{Ipesigned to maintain a steady (constant) speed
as set by the driver

- Adaptive Cruise Control (ACG)Designed to automatically adjust the vehicle speed
adaptivel to a forward vehicle

- Traffic Jam Assistand@ JA), Designed to follow the vehicle ahead and automatically
operate the accelerator and brakesthin slow driving in traffic jams

The expectation is that users with a highkeowledgeand use of one or merADAS arenore
willing to use another systenThis could mean that the chances that a driver who is familiar
or hasexperience with these systemsight havea higher interest than those who do not have
anyprevious exprience

3.2.2. Part2: Driving style

As plained in the literature review (Sectidh?), the research ofTaubman- BenAri &
Skvirsky(2016)is used to determine the driving style of the users.
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From the original 44actor-scalequestionnairea reduction to only16 questionss done. This
includes3 to 5 questions for each of the fodriving styles The reduction is done in order to
decreasethe workloadof the respondents. Bcovering the driving style of each respondent
IS not the main goabf this experimentut to usethis informationto know more about the
type of respondenin the sampleThe seleabn of questionsis done consideringhose that
had a higher score, avoidingjuestions tlat are similarand choosing those€onsideredmore
relevant for the researcher.

Thelist of questiongs asked to the respondents requesting themdtov S+ R S O#te A 1 SY |
the extent to which it fitgheir feelings, thoughg, and behaviour during driviagdd6-point

Likert scalé  NJ ffofhhelét (1) to always (6)n the same way that is done in the original
experiment(Taubman- BenAri & Skvirsky, 2016)n the Appendices the list of questions

asked for each driving style can be found. Additionaltlyegample othe questions for the

first groupcan be seen ikigure8.

Section 2: Driving style.
Read each item and rate the extent to which it fits your feelings, thoughts, and behaviour during driving.

Never Rarely Sometimes Often Usually Always
Misjudge the speed of an oncoming vehicle when passing
Feel nervous while driving
Driving makes me feel frustrated

While driving, I try to relax myself

Dl-e.‘;ious m

Hgure8. Driving style questions (Questionnaire screenshot)

3.2.3. Part3: StatedChoiceExperiment

In this part, the choice experiment is presented to the responderBgfore starting the
experiment the goal of the research is explained. In addition, arder to make the
respondentdamiliar withthe way in which the experiment is organised and the operational
mode ofAdaptive Cruise Contran explanations given.

First of all, an explanation dbw the experiment workis given.Thetask of the respondents

is to reflect their opinion regarding the use of ACC in several hypothetical driving situations.
These situations are defined by seven attributes, each of them with 2 or 3 levels, which are
showed in a table that contains the overview of the driving conditions that are going to be
analysed on the choice experiment. This table is similar to the one included at S&dtidn
(Tablel). In additionto the written explanation a short video iglisplayedn order to get the
respondent more familiar witthow ACC works

Besides thisother additional remarks to learn more about the system can be displayed

demand In thatspacethe most frequently system limitations faced by ACC users as well as
the main benefits are presented.
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Finally, an example questias presented, asking theespondentsto read the table that
defines the details of a specific tripituation and asking toconsider their opinion regarding
the active use of ACQhey shouldmagire themselves in a hypothetical situation in which
they arecommutingin ahighwaywith a carequipped with ACC and Stegnd-Go. Next, they
are asked taespond howthey wouldact in the presented situatiarin Figure9, the example
that was shown to all the respondents get themfamiliar with the way of presenting the
information and what was required to be answenedeach partis presented

Attributes Situation

Traffic intensity Medium (No congestion)
Road condition Difficult (Exit lane, sharp curve...)
Visibility through weather conditions Low (Foggy)
Lighting Daylight
Level of fatigue Low (Very fresh)
Trip distance Short (< 20 Km)
Travelling with 1 or more passengers

| strongly Disagree

In the presented situation Disagree
I would turn ON ACC Agree

Strongly Agree

Increase/Decrease Safety

Is your choice regarding the Turning
ON/OFF of ACC related to (select all Increase/Decrease Comfort
that apply)

Improve/Reduce Fuel efficiency

Figure9. Choice experiment example question

This example question was followed by 6 different alternatives from the complete set, which
are selected by the algorithm of the survey system. The main task of this mechanism is to
ensure thata similar number of responses are given to each of the 18 alternatives.

The4t S@SEt aO0l S odo{{iiNERYT{Ee 5 ABNEBNRIS Kl & 0SSy
'y S@Sy ydzYoSN) 2F NBalLkRyaSas gKAOK UGUKSNBT
order to force the respondents to take a decision in all the cases and provide useful
information with all the alternatives.

Additionally, the choice of these three elements is based on the conducted literature review
(Section2.4), considering the areas from which the user might be more benefited.

3.2.4. Part4: Sociedemographic information

In this lastpart, questions regarding the sociemographic information aréencluded The
reason to ask about this information is to study tledationship between those factors and
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the userwillingness to use AC@s it has beenbservedat multipleresearctesthat there is a
link between lifestyle and personality.

Table4. Sociedemographic information

Sociedemographic factor Level Label

Gender Male

Female
18¢ 29 years
30¢ 49 years
50¢ 64 years
65 years or more
Low (secondary school or lower)
Medium (professional education)
High (college / university)
| prefer not to answer this question
€ Mp Zonless
€15,000ce onZnnn
€30,000ce cnZnnn
€ C N Zonmore
| prefer not to answer this question
Oneperson
Multiple people without children
Multiple people with children
Dutch
Other (name it)

Age

Education level

Annual household income

Householdsituation

Nationality

NF, WOMNPFPOPMWOWDNPEPEPAAWODNMNPEPODNMNMNPEDNEPR

In addition, one last question is asked to analyse to what extend the respondent would be
interested in havingAdaptive Cruise Control in their next car. Hence, this is asked with a 5

tf SPSt aoltSs G2 lFylrfteasS GKAA fS@St 2F gAfttAy
G{ftAIKIGfE& AYOISNBalGSRéEST dGazRSNI (S fydl SANBIAIINGSREED S
having ACC in their next car.

3.3. Data collectiorand sample size

The guestionnaire is made in English and distributed using the internet in order to reach a
wider audience. The respondents are briefly informed about the aim of the prd@ictwed
by an explanation of whahe questionnaire consists of.

The questionnaire has been distributed through LinkedIn and Facebook gremipell a®n
Twitter. Is it important to mention thapart of the total responses were collected through the
personal network of superviseywhom as an expert in the field of Smart Mobility might have
attracted respondents who are enthusiasbt€ this topic as well. This has to be taken into
consideratim in the case of a possible bias

A hyperlink was sent withi a short description explaining what the survey was about,
specifying the average time and the possibility to win a free Gift card in order to encourage
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respondents reply. This resulted in 2@4al response, out of which 22 were people without
driving Icense and 212with driving licencethat therefore could reply the whole
questionnaire.In addition, the aswersfrom 4 of the respondents with driving licensere
removed from the sample due to the fact that were considered to bereatistic, ashe total

time used was extremelhort and had replies that did not make sense. Hence, a total amount
of 208valid responses are obtaineBigurel0).

All Respondents > Without driving licence
(239 (22

With driving licence > Nonrealistic responses
(212 Q]

Realistic responses

(208

FigurelO. Distribution of responses

In order to determine if it is a good sample doaranteethe consistencyof the experiment,
the study ofOrme(1998)is applied. Thisizecan becalculated considerinthat the required
sample sizés equal to:

L Tt TD

0
Where
Lmax= largest number of levels of any of the attributes

t =number of alternativeper choice set
¢ = number of choice sets

2 A0KAY KA 8naSELISNI Y & i §6$ 3\ Bowever, [foy tRis experiment the
required number of respondents to fill in 1 whole set is 3, thenber has to be multiplied by
3.In our case:

U TTTO
@ O

0O CULUT

We have a total of 212 complete questionnaires obtained. Bliengh the number is not
reached, this number is close enough to the one proposed, which can be considered as
sufficient to ensure the reliability of the experiment. However, this number might be not
sufficient toanalyse the differences between target gups.
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3.4. Data analysis

In thissectionare explained the methods that have been used to analyse the collected data.
In our experiment, the stated choice experiment is rated with four levels of acceptance
(StronglyDisagree Disagree, Agree and Strongly Agree). The fact that it is possible to rank
these values in a specific order, but it is not possible to calculate the real distance between
each of themmearsthat the variables are ordinal. Therefore, to analyse this expent, an
Ordinal Regression Model will be used, making it possible to describe, predict and explain the
relationship between the variables.

3.4.1. Descriptive analysis

The first partisto analyse through a descriptive analysis all the collected data. This is the first
step in order to obtain a full understanding of the data and comprehend timxsample is
represented. Besides that, present the data in a way that is easy to understaalll the
readersis important. This is dond@rough the use of tables, graphs or any other visual format.
During thigesearchthe analygs are donewith the use of the software package SPSS and the
support of Excefior the visual representatian

In addtion, this allowseasily compangour results with those of previous research similar
topics (e.g. user knowledge about ADABcheckng if the sample group is comparable with
the total population, etc.

Finally, all relevant variabletiould belisted withmeans, standard deviationg)e numberof
respondentgBedeian, 2015)n additionto be necessary as input for others who may wish to

NBE LINE RdzOS o YR 02y T A NK perform s@cordidRyeafalyseabbtékdt 0 a > |
Thompson, 2009)

3.4.2. Ordinal Regression Model

This method has a common use in social sciences, especially at surveys in which the use of
Likertscaless common, which is the case of this experimérite Ordinal RegressioModel

Ad aSaaSydaAalrfte asSdia 2F oAYylFNEB NBINBaarzya i
0KS LI NISao$liogyNRI1LThis would be a problemttie calculations had to be done

by hand, butcurrently, the software (SPSS) is making the calculations, and this is why the
greatest challenge is its interpretation.

For a theoretical explanation of the model, the studySafott Long2012)is followed The
model can be oginated from a regression on an unobserved, continuaarsable :

rZ

w T 1T .. -

The ordinal logit model assumes thétis logistic, its mean 0 and its varianc&3. The
continuousw is divided into observed, ordinal categories using thresholds o through _;:

w Q0N & TN pod
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Wherezp = -band z; = #b. In our case, with four levels of acceptance, this would be the
measurement model:

pOo @B OOIT ClU ARODAMCGRAL
" co®COAARe OB ¢ 1t
‘v 00 0QCOAAe QD & T
193001 T CIU AQDAAE

w

35. a2RSf Qa 3J22RySaa 2F TAL
For assessing whether the modgbil KS 20 & SNBWSR RIFGF YR Aa
FAG KIFa (42 06S OIFftOdzZ I GSRd ¢KS S@lftdz2 GA2Y

parameters estimation, such awgl likelihood, likelihood ratio anif.

Log likelihood

In multiple regressionanalysis to assess whether a model fits the data the observed and
predicted values of the outcomean be comparedLikewise, in logistic regression, the
observed and predicted valuase usedo assess the fit of the model with this measiFgeld,
2009)

GEAQTEE® I 0o p ol 06

Where:
Y; = outcome for thath person
P(Y) = probability that Y occurs for thi person

The log likelihood indicateake amount ofunexplainednformation that can be foundn the
model.Large values indicate poorly fitting statistical modelsyith alargevalue of the log
likelihood more unexplained observatiortsan be found

Likelihood ratio

This method is based on maximtlikelihood theory. It explains the performance of the
proposed model compared to the null hypothesis model. The resulting statistic is, therefore,
based on comparing observed frequencies with those predicted by the nfddeh, 2002)

The Ikelihood ratio index is defined as:

0'YY ¢ 0 00¢ 0'Ql ORHBFQE G a
The log likelihood is alwaysegativeand is simply two times thelifference between the
constrained and unconstrained maximums of the log likelihood function. If thie exceeds

the critical value ofchisquare with the appropriate degrees of freedom, then the null
hypothesis is rejected.
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R-squared (R2)

The R measures the amant of unpredictabilityin one variable that is shared by the other.
The formula to calculate is the following:

¢ 000Q¢ wa

¢L UOe 0 Q1 wQNno

R shows if the model is able to reproduce (predict) the observed choices

In order to value if it is a good indicator or not, we need to know that its valubdizgeen 0
and 1. According télensher, Rose, & Gree(2015) if the value is at least 0.1 for a discrete
choice model, it represents a decent model. When the value of the ps®&dites between
0.2 and 0.4 it means that has a good fit. Finally, if the?’® equal to 1, it means that the
RSOA&AZ2Y YIF{SNBRQ OK2A0S Oly 06S LINBRAOGSR
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4. Results

In thischapter, the results obtainedrom the analygs of the collected datare presented.
Thesample ofespondents is studied loing adescriptive analysis of the soestemographic
information and experienced he resultsare used ¢ create different user grouger analysis.
After, the main model andomesub-models are analysed with an ordimalgresson method.
Finally the influence ofsafety, comfort and fuel efficienag the ACC choias given

4.1. Descriptive analysis results

First of all &requency tablegfrom the driving experience and soail@mographic information

(TableS)A & aK2gy (2 KIFI @S | O2YLINBKSyaAdS LA OGdzNE
before analysing one by one the most interesting frequency tafileenumbersof this table

are obtainedfrom the answer of the 208 respondents that completely filled the dioesaire

and were not removed.

There are some groupsith a similarnumber of responses every attribute level which
provide the possibility to creata subdivision for analysingub-groups guch as nationality or
household situatioh In contrastpther groupsdo not provide any possibility for a stdroup
division (such as educatian)

Table5. Driving experience and soai@mographic informatiofrequencytable

Label Frequency(n®) Percentagg%o)
Weekly | don't know 20 9.6
Less than 200 Km (10,000 Km per year) 91 43.8
(Annual 200- 400 Km (10,00020,000 Km) 39 18.8
m'leage 400 Km or more (20,000 Km per year) 58 27.9
5 years otess 59 28.4
Driving 6-15 years 67 32.2
experience 16-29 years 52 25.0
30 years or more 30 144
Male 142 68.3
Gender Female 66 317
1829 years 104 50.0
Age 30-49 years 75 36.1
50-64 years 29 13.9
. i Dutch 119 57.2
Nationality Other 89 42.8

Loweducation (secondary school or lower) 1 5

. Medium (professional education) 4 1.9
Education High education (college / university) 201 96.6
| prefer not to answer this question 2 1.0
€15,000 or less 48 231
€15,000-e onxnnn 21 10.1
Income €30,000- €60,000 32 154
€ C N Zonmore 64 30.8
| prefer not to answer this question 43 20.7
Oneperson 69 33.2
Household Multiple peoplewithout children 68 327
Multiple peoplewith children 71 341
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The most relevant aspects of the previous table are commented to illustrate what kind of
respondents there are in this sampkarst of all, regarding thiactors that describe thdriving
experienceacomparissor{Figurel3) between both factors is evaluated besides its frequency
tables(Figurell & Figurel?2).

Most of the sample is formed by people who drleesthan 10,000 Km per ye&43.8%)The
distribution ofdrivingexperience is evenly dishuited in the first three levelsThe lastgroup

has a low percentage of respondents (14.4%), which is expected as the number of people from
the older age group is also lower

50.0 50.0
43.8
45.0 45.0
40.0 40.0
35.0 35.0 32.2
30.0 30.0 25.0
25.0 188 25.0
20.0 20.0
15.0 9.6 15.0
10.0 10.0
I
0.0 0.0
m | don't know m Less than 10,000 Km m5yearsorless  m6-15years
10,000 - 20,000 Km m20,000 Km or more 16-29 years W 30 years or more
Figure 11. Annual mileage fregncy distribution Figure 12. Driving experience frequency distribution
(Percentage) (Percentageps

AtFigurel3canbeseel Kl i FNRY (GK2a$S 6K2 NBAilEKYSRER oL
drivers with low experience (less than 15 years). Similarly, from the group driving less than
10,000 km the mosbf the drivers have a low experience as well. In contrast, the group of
more than 20,000 Km per year is formed almost exclusively for drivers with a high experience
(more than 16 yearskinally, the middle group (10,000 to 20,000 km/year) has a moressr |
balanced distribution.

60%  550%
50%
40%
30%
20%

10%

0% 0%

0%
| DON'T KNOW LESS THAN 10,000 KM  10,000- 20,000 KM 20,000 KM OR MORE

m 5 years or less m6-15years = 16-29 years M30 years or more

Figurel3. Mileage * Driving experience Crosstabulation graph
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Secondly, the gender and age tbe respondentsare analysed.Similarlyasfor the driving
experience,a comparison (Figure 16) between bot factors is evaluated besides their
frequency tablegFigurel4 & Figurelb).

The male is overepresented compared with whats found in the world population
distributionwhichis nearly 50% for each gender. This can be expldgan in generahigher
numberof males interested in the automotivieeld in comparison with women.

Regarding the age distribution, theagep /£7: T 2 NYespondeatgadiéanother 50% for

G h f RS NE(consi8eringifotf 30-49 and 5064 groups togethey. However, there are no

respondents in the % cluster (65 years or moreYhislastissug as well as the whole age
distribution (more respondents from younger groupspan be a diret consequence of the
method employed to distribute the survey (Onlina$the people who hava higher use from

the internet are the youngers.

#Male ®Female M 18-29 years ® 30-49 years 1 50-64 years

Figureld. Gender frequency distributi¢Rercentages) Figurel5. Age frequency distributiofiPercentages)

With the use of the age/gendarosstab(Figurel6), can be seen that the distribution from

this sampleis notrepresentatve with the exception of the first age group (-E® years)In
contrast,for the other age ranges there is a huge difference in gender, where the presence of
male respondents is much higher than for females. This is not a good representation
considering hat the world populationdistribution is evenlydistributed (United Nations,
2017) A possible explanatiors that more men are interested in the topic and therefore
willing to reply a survey. In addition, if we could compéne distributionwith one from
RNA @S NA Q itRilghit beNFatondzé haley than females appear.

100% 90%
80%
60%
40%

20%

0%

1829 YEARS 30-49 YEARS 50-64 YEARS

= Male = Female

Figurel6. Age * Gender Crosstabulation
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For the nationality distributionKigurel7), severalnationalities have been put together as
their presence was too small to become possible to properly represent them in the.gfaph
most represented country is The Netherlands,habZ% of the total, resultiniop 43% obther
nationalitiesfrom all over the world. Thareasthat are more representedesides from The
Netherlands areother European countries with 25% and Asian countries with.ID%s
distributionmakes possible to dide the respondents in between two grouf3ugch and Non
Dutchnationality), to analysehe differencesand similaritiedbetween them.

®Dutch ®European (Others) mAsian ®North America ® Others

Figurel?7. Nationality frequency distributiofPercentages)

Fromaneducation leveperspetive there is a distributionotally unbalancegdwherethe only
and main conclusion obtainedtisat the sample of respondents of this survey has a high level
of education (96.6%).

The household typéas an almost equal distributioat all three rangegFigure18), reason
why it is possible to analyse thresub-modelswith each of the series.

u One-person
® Multiple person without children
i Multiple person with children

Figurel8. Household frequency distributi¢Rercentages)

Finally, the income and household type are compared with a croskighrel19). From this

analysigs inferred that those who earn more thanc n Zare/mainly families with children,
which areone of the biggest groups the respondents of this survekt the other side of the
table, we find another important group of people who earn less tiaam p 3, whithmis mainly
formed byone-person households and coupl@dultiple people without children) and which
are mostprobably from a young age as well.
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100%
90%
80% 70%
70%
56%
60%
50%
50% 42% 43% 43% 42%
40% 31%

30% 19% 22% 21%

20% 14%
8%
0%

15,000¢ OR LESS 15,000- 30,000¢ 30,000-60,000e  60,000c OR MORE | PREFER NOT TO
ANSWER THIS
QUESTION

37%

One-person  m Multiple person without children Multiple person with children

Figurel9. Income * Household crosstabulation

4.2. Technology exposure

In the second part of the survewhether they knew eighdlifferent advanced driver assistance

systemswvas askedAdditionally,it was also asked if besides knowing any of the systems, they

had ever usedhem. Theinformationobtained from this partan be seein Figure20, where
for each system the percentage of respondents who do not know about the systginown
(greenbars), who know about ibut never used i{blue bas) and who besides knowinghts
used it gellowbars).

Observing thegraph, thereare several thingthat have to ke highlighted. First of all, theiis
around a 20 to 25% of people whim not know any of the systems, wikbmeexceptions.
The first oneare the casesf APA and CC&chnologies which a surprisiri-95% of the
peoplewhetherknow or have usethe systems. Othe contrary to that high knowledgehe
Traffic Jam Assistance has the least awarenitbsa 46% of people who do not know anytbi
about it. The reason behind that numbers might be relatedhe fact that some technologies
have been in the market during a long peri@CC)vhereas there are others such @3Athat
are quite recenty introduced

Other interesting facts are that em though the Automated Parking Assisthe technology
with the highestpercentage of people who knowg##3%hasalso oneof the lower use (21%).
This might be amdicatr that this technologyis not accepted byhe users, as they are not
doing the ymp from being aware to actually make use of it.

Finally,these results are compared to a previous resear¢Woermans, 2015)o see the

difference in user awareness from two years ago to the current state. In general the most of
the ADAS have increased the user knowledge. However, as this information could be biased

by the data sample obtained, no additional remarks are done.
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100%

80% 73%
61%
60% 0
47% 46% 45% 50% 48% 46%
40%
0 36% 34%
% 27908 26 25 0% 28% ° 31%
20% 21% 21% 22%
20% 14%
6% 5%

0%

Forward Lane Fuel Automated Blind Spot Conventional Adaptive  Traffic Jam

Collision  Departure  Efficiency Parking Assist Warning Cruise Cruise Assistance

Warning Warning Adviser (FEA) (APA) (BSW) Control (CCCFontrol (ACC) (TJA)

(FCW) (LDW)
m | do NOT know the system m| DO know the system | DO know the system AND | have USED it

Figure20d {@aidSyaQ ((Fexeénfage®IS 3IANI LK

w S 3 L2 v ¥SemikdoRledge clusters

Additionally,the previousinformation have been used to create three different groups of
people according to their knowledgend useof the systems. In order to do that, a cluster
analysis was done with the use of SPSSntieigrs that those users that are more similar to
each other are put in the same group (or cluster), whichhis casehave been giverthe
YSIEYAY3 2F AR eéEl MARRKRREBENSYSaa t SPSt o

In Figure21 the type of algorithm that was usedifwoSteg) can be seenas well aghe
number ofinputs (8 ADASand the number of clusters that this analysis has provided (3
groupy. Nexttoiti K SS B A Qdi 2 NJ A Y LJ2 NI(Rigyr& 3, svhicD shgws th&eightS S v
that has beergiven to each factor by the prograrfihe least important factor is APAQ.2)

and the most important one is FCW.Q). Finally, the three clusters are created, assigning a
specific group to every respondent. The samiglevenly spread in the 3 groups, being the
ratio of sizes (large cluster to smallest cluster) & which indicates good distribution. The
influence of each of the factors on each of the clusters can be seen at the appendices
(Appendix lICluster Comparison)

Model Summary

Fow

Algorithm TwoStep Low

Inputs 8 Act

Clusters 3 Bew

TUA

Cluster Quality oo

FEA

Foor Fair Good

T T T APA
10 05 00 05 10

Silh it e of cohesion and separation 0

Figure21. Model summary from cluster analysis Figure22. Predictor Importance.

il
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who replied for most of the systems that they know it and have used it and therefore their
technology exposure is considered to be highesecondclusterincludesthose respondents

that mainlystatedto know the systems budid notuse them. Finlly, the last onegatheisthe
respondents that do not know about the systems.

® High
@ Middle

i Low

Figure23. Cluster size@ercentages)

4.3. Driving style

The information obtained from the set of questions that are askegharding Driving Style
(Section3.2.2) is used taletermine the driving style of each respondefrt order to do that
and as previously statethe research offaubmanBentAri & Skvirsky2016)is used.

In order to determine what driving style should be assigned to each respondentthirst
reaction to each of the questiors asked to determine the belonging to each factor are
standardised. This is dore order to be possible to compatke weight of all four factors

The first stepgsto calculate the average to all the different items (Questions) by summing the
answer ofeach respondent (IDAfter the average value of each of the questissalculated

GKAA A& dzASR a F af2FRAy3IE @GFtdzS G2 OFf Odz |
mathematical explanation of how thisdone can be seen iRigure24, where it is explained

how to calculate the loading of the first factor. The same process is followed for the other
three.

ID ltem 1 Item 2 ltem 3 ltem 4 Factor 1
1 1 2 1 | 3 5000600 Q0P ©0p ®0p
2 2\ | 3 2 | 4 |500i O®@0H00 BB Gl Wed )0l @
X X X X X £ 04O Q4
n n n n n
Sum: MbHbXb)/'HbobXb)/'MbHbXt;YObI‘IbXbY/
Average: | P C‘&Bé < O‘EH” p (&E @
& ¢ & £

Figure24. Drivingstyle calculation explanatioh
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Finally, after having the weight of each factor for each respondergcimpared which one
has a highervalue and assigned to each respondent the factor for which a higher Jalue
resultant. The mathematicagxplanationof how is donecan be seen ifrigure25.

Factor 1: Anxiou| Factor 2: Reckless al Factor 3: Angry an| Factor 4: Patientan|
D . - - - Higher Factor
driving style | careless driving stylf hostile driving style careful driving style
1 0.410 0.397 0.485 0.208 0.485| Factor 3: Angry and hostile driving sty
2 1.071 0.397 0.631 1.0% [ 1,098| Factor 4: Patient and careful driving sty
X X X X X X X
n n n n n - -

Figure25. Driving style calculation explanation 2

These calculationsesulted in the distribution of the driving style divisiothat can be seeimn
Table6. This calculation has givenraore or lessevenly distributed dision of the four
included drving styleswhichisused to analyse the differences and similarities of each factor,
within themselves and with the general model, by creating four diffesertmodels

Table6. Drivingstyle frequency table

Driving Style Frequency Percent Cumulative Percent
Valid F1. Anxious driving style 50 24.0 24.0
F2. Reckless and careless driving style 49 23.6 47.6
F3. Angry and hostile driving style 56 26.9 74.5
F4. Patient and careful driving style 53 25.5 100.0
Total 208 100.0

4.4. Model analysis: Ordinal Regression

Before starting to analyse the modehe number of responses of each seascheckedto
ensure a proper distributionEven thoughthe surveytool makes sure thathe choicesets
divisionis evenlyspread oveall of them this hasto be checkedTherefore, a frequency table
isobtained which can be showmm Table7.

All the choicesetsare filled in with a similar amount of answers, whipkrmits continuing
with the analysis.This has resulted in a total df248 situations analysedy the 208
responderts.

Table7. Frequency table of the response of each set of questions

ID Set 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total
Frequency 68 69 69 67 67 68 73 69 70 68 72 69 73 67 73 67 71 68 1248

Percent 54 55 55 54 54 54 58 55 56 54 58 55 58 54 58 54 57 54 100.0
As previously commented (Secti8ril.23.1.3 a dummy coding is chosen in order to analyse

with an Ordinal Regression method which of #iéernatives produces the highest level of
utility.
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Table8. Coding used

Number of levels Design code Dummycoding
2 1 1
2 0
3 1 1 0
2 0 1
3 0 0

A comparison from the Design code with the dummy coding conversion is shoviadla®.

Table9. Owerview driving conditionwith effect coding

Attributes Design Dummycoding Labels
Gl EC1 | EC2

Trafficintensity 1 1 0 High (Traffigam)

2 1 Medium (Interrupted flow)

3 0 0 Low (Free flow)
Road condition 1 1 Regular (8aight road)
- 2 0 Difficult (Eit lang sharpcurveX 0
Visibility  through @SSt 1 0 High (Clear, cloudless)
weatherconditions > 0 1 Medium (Rainy, snowy)

3 0 0 Low (Foggy)
Lightingin the road 1 1 0 Daylight

2 0 1 Night with lighting ON

3 0 0 Night with lighting OFF
Level of fatigue 1 1 0 Low(Very fresh)

2 0 1 Medium (A little tired)

3 0 0 High (Very tired)
Trip distance 1 1 0 Long (> 100 Km)

2 0 1 Medium (20¢ 100 Km)

3 0 0 Short (< 20 Km)
Travelling with: 1 1 Alone
- 2 1 or more passenger

4.4.1. General model

With the use of SP22, a complete or general model of the data obtained from the responses
of all respondents at the third part of the questionnaire (Sectol.3Part3: StatedChoice
Experimen} is analysed with an ordinal regression analysis. Additionally, the data from the
rest of the questionnaire is combined with the experiment data in orddrd@ble to create
several submodels and analyse specific groups on its own (e.g. Gender or dostyie
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models). This is done to see any possible difference betweermsaulels and the general
model.In order to achieve a good prediction, &8confidence interval is used to identify the
significant parameters.

Model Goodness of Fit

When analysingte model, some information is directly retrieved by the program, from which
its goodness of fitan be evaluated

Tablel0. Generalmodel fitting information

Model -2 Log Likelihood Chi-Square df Sig.
Intercept Only 377.761
Final 276.797 100.965 12 .000

Link function: Logit.

Due to the fact thathe R valueis not directly given by SP$% formula giverin Section0is
used to calculate it

¢d 0'0QE ®a C XSPwX
O DOZ 0 Q1 HONDXEK 0 p

Y p T @ X

The pseudo Ris therefore equal to 267, which is considered as a good fing the
observed significance less th&05 this means that the null hypothesis that the model
without predictors is as good as the model with the predictors can be rejected

Parametersestimates

In order to determine how each attribute and level adfecting the decision of the
respondents, theestimated value of each factor is calculated. This has to be put into context

by first examine what are the thresholds of eantswer. This is to determine if their response

is not only influencing positivelyr negatively in comparison with the referenealuebut if it

Aad Of2aSNJ (2 a5Aal3aINBSeE 2N a! ANBESe NB3IFNRAY3

Only attribute values with a gnification value that is higgnoughare considered. Ais means

that the significancenust have a value lower than @5 or otherwise would be dismissetihe

results of this analysisr@ shown inTablell, with a confidene level of 95%Thethresholds

and the parametersare shown with the estimated value through the ordinal regression
analysisFor an easier identification of each of the values, the parameterslaoe/nwith its

original label instead of their numeric values originally gen in SPS8dditionally, for those

gt dzSa GKIFIYy anO¢ A& aK2¢gSRX GKA&A YSkya GKI G
attribute, reason why the pastvorth utility is equal to 0.
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Tablell. Generamodel Parameter estimates

95% Confidence
. Std Interval
Estimate " Wald df Sig.
Error Lower Upper
Bound Bound
% [Scale4 4] -1.498 216 48322 1 000 -1921  -1.076
g [Scaled 2] .035 .206 .028 1 .867 -.370 439
I-E [Scale4d 3] 2.208 217 103716 1 .000 1.783 2.633
[Passengers = Alone] .009 112 .007 1 932 -.210 229
[Passengers = 1 or more] 02 . ) 0
[Lighting= Daylight] .084 128 428 1 513 -168 .336
[Lighting= Night with lighting ON] 024 129 .034 1 .855 -.229 277
[Lighting= Night witltighting OFF] 02 . . 0
[Road Condition = Regular] 847 114 55.546 1 .000 625 1.070
[Road Condition = Difficult] 02 . . 0
[Traffic Intensity = High] .035 129 075 1 784 -217 .288
;")_.3 [Traffic Intensity = Medium] .087 129 450 1 502 -.166 339
% [Traffic Intensity = Low] 02 . . 0
E [Trip Distance = Long] 620 130 22547 1 .000 .364 875
[Trip Distance = Medium] 444 129 11.882 1 .001 192 697
[Trip Distance = Low] 02 . . 0
[Visibility = High] 277 129 4596 1 .032 024 531
[Visibility = Medium] -.100 129 603 1 437 -.352 152
[Visibility = Low] 02 . . 0
[Level of Fatigue = Low] -423 129 10.739 1 .001 -675 -170
[Level of Fatigue = Medium] -.344 130 7.026 1 .008 -.598 -.090
[Level of Fatigue High] 02 . . 0
Link function: Logit.
a. This parameter is set to zero because it is redundant.

The distribution levels of thevillingness to useACC obtained from the thresholds in the
previous analysis can be observadrigure26. SPSBrovidesthe intermediate value between
eachoftheF 2 dzNJ | NB I a3 ¢¥dNedféY 3lay BADRIYE d KS G f dzS
0SG6SSYy G{UNRyYy3IfeSRAAI ANBISESH yIR WS AALX AN (K
G5A&l ANBSé YR da! ANBSéX yR a2 2y o

S
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Strongly ; _ ; . Strongly
disagree Disagree Agree agree

- oo -1.498 0 2.208 oo

Figure26. Thresholds of Ordinal Regression Model

Checking the attributes and their corresponding significance level, theréoareut of the

total sevenwhich have a significant valughich mears that they have an influence in the

decision making of the resmdents in order to activatdA\C@® ¢ KS&S | NBY aw2l R
GENRLI RAAGEFYOSéY axAaAoAftAdesd yR a[ SOSt 27

On the other handihe other three attributeso 6 b6 2F t Il aaSy3ISNEREX a A
Ay (i S yda aotilave @n effect on the usevillingness to usé\CG at least for the general
model

The first attribute Road conditiohis the one witlthe highest part-worth utility value, which
mearsthat this attribute isthe most important oneAregular condition of the roadtimulates

to the drvers to choose to turn ON ACC. The conclusion of this is that the users prefer a
straight roadmore than a curveaadin order to be activating ACC, and tlgsin addition the

main feature for doing so.

The second attributeT{rip distancg provides significant values for all its levels, with a higher
utility for the leveldongg distancethan for theleveld adiume distance. Thisnearsthat the
longer a trip is the higher are the probabilities to be using ACC on this Trigere are no
significant differencebetweenbeing a long (>100 Kraj a medium trip (2@ 100 Km). Hence,
there is a barrier somewhere aroun@® Km where the drivers consider that using AGfvide
benefits for themselves, whereas before reaching that number it is more convenient to drive
completely manually.

The third attribute Visibilityo A & 2y f & & AighevisiBilty@elel(dearocadigss S & |
state), whichmearsthati KS & a SRA dzYé @A aA oA f)ddegnotlinfu@sd o NI A
at all the driver to use ACCThe fact that there is a clear visibility pestthe drivers to decide

to use ACC, maybe cadsring that the systentoesnot have any problem for dealing with

this situation. On the other hand, if the visibiligvelis & §we (foggy), the driver tends tbe

not sopositive with ACC, perhaps being more confident with their own visibility thamthv
agaidsSvaqQo

The last attribute l(evel of fatigupis providing significant values at&llS St a ® 2 KSy |
level of fatigue (being very fresh) is considered, this gives a negative influence on the
willingness to use ACC. Thigars that the driversprefer manually driving while they are

fresh. On the other hand, whentheyaley RS NJ I a1 A 3 K¢ f S)@Betomest FI (A
a positive attribute in order to turn ON their Adaptive Cruise Confrbis could represent a

trust in the system, ashey might prefer to not connect it while being fresh in order to enjoy

the drivingand to switch it ON when they are tired in order to be safeadnident situations
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In the following figures, the effect of thimur attributes previously commented (thosthat
havesignificantvalues)is shown The parworth utility of each of the levels indicates if this
value is giving a positive or a negativduahceon the acceptance of ACC, compared to the
one that is taken as the base category or reference valch is set to O.

High (Clear) Medium Low (Foggy)
Regular Difficult (Rainy)

Figure27. Road condition paswvorth utility values Figure28. Visibility partworth utility values

Long (>100 Medium Short (<20 Km)
)] Middle

Figure29. Trip distance pasvorth utility values Figure30. Level of fatigue pastvorth utility values

Relative importance of the significant attributes

Besides calculating the pantorth utility of each of the attributesthe relative importance of
each attributeis characteriseqOrme, 2010)This is done by considering tdéferences that
each attribute can make in theotal utility, which is the range. Afterwards, the percentage
from the relative range is calculated

The partworth utility of the highest and the lowest attribute levelse subtracted to calculate

the attribute utility range. Then, that utility range vgits are summed, after which it is
possible to calculatdl K S | (i nNdericelzin $hé& Qomplete model by dividing each
individual attribute utility range by the total. Taking as an example the trip distance attribute,
the rangeof this attributeis calalated by subtracting to the long trip utility (0.620) the short
trip utility (0.000), after which it is possible to calculate the percentage (attribute importance)
by dividing this value by thwotal utility range. The results from #se relative importarce
calculations can be seenkiigure31 and therepresentationin Figure32.
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In accordancewith these results, the attribute with the mosimportance is the Road
condition, being the attribute that influences th@ost thedecision of the respondentsvith
a39% of he totality. The second one is thtep distance whichrepresensalmost29% ofthe
total. The third one, representingimost20% of the total is thdevel of fatigue Finally, the
attribute with the least influence is the visibility, with a bit less tHz%.

Attribute Level Parth-Worth Utility Attribute Utility Range Attribute Importance
Road Conditiot Regular 0.847 ]—> 0.847-0.000 = 0.847 (0.847/2.167)-100% = 39.1
Difficult 0.000

Long 0.620 -

Trip Distance Medium 0.440 — 0.620-0.000 = 0.620 (0.620/2.167)-100% = 28.6
Short 0.000 —
High 0.277 ;

Visibility Medium 0.000 — 0.277-0.000 = 0.277 (0.277/2.167)-100% = 12.§
Low 0.000 -
Low 0.423 -

Level of Fatigu Middle 0.344 — 0.423-0.000 = 0.423 (0.847/2.167)-100% = 19.5
High 0 -

Utility Range TOTAL
0.847+0.620+0.277+0.423 = 2.1

Figure31l. Relative importance of significant attribut@@alculation)

Road Condition 39.1%

Trip Distance 28.6%

Visibility 12.8%

Level of Fatigue 19.5%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0%

Figure32. Relative importance of the significant attribuig®presentation)

Combined pariworth utility

When the value®f all four attributes are combined, the combinatiah driving conditions
that are more desiredy the user in order tdoe willing to use ACC can be determinéthis
combination of the pardworth utility values can be seen irablel2.
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Considering these results, all tredombinations present a driving situation in which the
NBalLR2yRSyYy( ¢ 22208Rin tarhird Q8 AGC. Imaddition, the most favourable one
consiss of a combination of a regular road condition in a long trip with high visibility and high
level of fatigue, which provides a total utility value of 1.744.

Tablel2. @mbined partworth utility with general model
Attribute 1 Utility ~ Attribute  Utility ~ Attribute  Utility = Attribute 4  Utility =~ Total

2 3 Utility
Road 847 Trip .620 Visibility .277 Level of -423 1.321
condition distance () fatigue (1)
(1) (1) Level of -344 1.400
fatigue (2)
Level of 0 1.744
fatigue (3)
Trip 444 Level of -423 1.145
distance fatigue (1)
(2) Level of -344 1.224
fatigue (2)
Level of 0 1.568
fatigue (3)

4.4.2. Additional models for separate groups

Additionally to the main modethe sub-modelsof six groupsre estimatedandeachof them
isindividuallyanalysed With this information i€xpected tobe discoveed if different driving
conditions affect to different groups of peopie a different way.For exampledriving
conditions thatare relevantfor the general modelmight not be significant at all for specific
groups of peopleln contrast some of the attributes whiclare not significant for the general
model,can benow significantfor a specific sumodel.

The reasonsto analyse these groups are théitave an acceptable goodlistribution of

respondents for all the leveknd therefore a similar amount @ivailable datdor its analysis.
In addition, analysing the differencesrom the general modelcould provide valuable
informationto stimulatethe use ofACC in a particular grouphe following groupkave been
analysed:

- Gender

- Age

- Nationality

- Household

- System knowledge
- Driving styles

The following tablesonly contain information regardinghe attributes thatare significant.

Evenif an attribute is only significant foone of the groups, the other/s groups is/are also
included in thetable to show the difference between thenin addition, to reduce the

53



information included in the tables, the level of each attribute is shown only with the level
number thatidentifiesthem, instead of the labdl S ®3d ¢ NA LI RA&AGF YOS T &
6Hh mnann YOEd ! a | Ndnvbe isimdhNableliFioally thavRlgeyfithe F A OF (
Rsquare is calculated and mented at the end of each table, whereas the tables regarding

the goodness of fit of each of the modelse locatedn the Appendies.

Gender

This paragraph compares the differences between gesdrFirst of all, it has to be reminded

that males are highly represented in the sample. This might be the reason behind that the
dalfS¢é¢ Y2RSt KFa F+ 3I22R FTAUGU ¢KSNBla GKS acCsS
square. In addition, for all the valuésk S t Gl Y2 RSt 3 A @vBich m&hsIHatS NJ O | f
they wouldbe morewilling to useACC than the female group.

Even though the significant values are the same as for the general model, there are some
significant differences between thenThe main thing to behighlightedA & K2 ¢ & A aAo
affects each group. For the males, the fact of driving with b A 3 K¢  @ekraskydsA f A ( &
preferred in comparison with doing it witlh we visibility (foggy).similarly than for the

general group. HowevetK S da SRAdzYeé QGAAAOATAGE ONIAyeE 2NJ
males.In contrast, for thewomen, I ighk visibility does not have any influence, either

positive or negative, whereasca@we visibility (foggy) has higher chances for switching ON

ACCn comparison with a adiume visibility (rainy or snowy). This could mean that the

female group prefer to release some contobithe car and trust the systemihen thereis low
visibility,disconnecting AC®hen there is a better visibility

Tablel3. Partworth utility from the significant attributes (Subodel: Gender)

Attribute Level Male Female
Utility Significance Utility Significance
Threshold Scale4: 1 -1.432 .000 -1.961 .000
Scale4: 2 0 Not Sig. 0 Not Sig.
Scale4: 3 2.256 .000 1.954 .000
Road 1 .968 .000 .614 .002
Condition 2 02 - 02 -
Distance 1 .634 .000 499 031
2 449 .004 428 .061
3 02 - 02 -
Visibility 1 462 .004 Not significant
2 Not significant -.505 .030
3 02 - 02 -
Fatigue 1 -.341 .030 -.651 .004
2 -.400 011 Not significant
3 02 - 02 -
R-square - 0.2660 0.1253

The information regarding the goodness of fit of the previous tabtelelscan be found in

Table32and Table33 (Appendix V.
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Age

This paragraph analyses the differences from the several age gréhjssset wasriginally

formed byfour groups from which the last ong65 years or more) haB respondents. In
addition, from those groups with answeitsyo of them have been put together. Thisthe

case ofii KS 3 NB@m XD yeargandis0 to 64 years which now make a uniqueew

3 NR dx0.3¥ 64q/ears With the new distribution, thereis a 50%of answers ireach of the
groups, with 104 respondents both of them.

Comparing thérsquare valuesf both groupsthe younger group represents a decent model,
being its valu®.17, whereas the oldest group havéatter fit (0.23) Thereforethe obtained
modelsare adequate for being analysed.

Whenthese models areomparal with the base model there are three attributeghich are
significant in all three models. These aread condition, trip distance and level of fatigue. In
addition, the utility valuesare more or less similar

The firstmain differenceis observedn the younger groug1829), ¥ 2 NJ g KAr@fficc G0 KS «a
intensity attributes give @ & A 3y ~Maluks QN clarifiéation needs to be madee to the fact

that F2 NJ £ S@St @l&is dbtairdd, videB is flightly out of the significant area.
However, thiscanin any casée interpreted as a positive influender the young group (18
29)inordertouse ACBKSY GKSNB Aa | &l A ZKES AYIING NENHELO) SR
OGN FFAO AyGdSyaaride NI ( KSontTasvith what baPpensthédse2 ¢ o0 F
model, & isibilitye does not have an influenan this group

The second group (364) 5 not influencd o & (G KS & ¢ NJ F ReAyGuhg ghoypd Sy a A G
LyadSFcIRYE GKS a+xAaAoAftAdeéd R2Sa KIGS |y AyTFfc
LINE RdzOSa | aftA3aKOGte gAftAyadySaa 2F (0KS dzaSNI
visibility. Thissuggess a lack of trust in thesystem as it is preferred to activaeCOwvhen

there are no difficulties in the roadand take the control themselves whehe visibility is

lower and itis not possible to see the road as well.

Tablel4. Partworth utility from the significant attributes (Suimodel:Age)

Attribute Level 18-29 30-64
Utility Significance Utility Significance
Threshold Scale4: 1 -1.360 .000 -1.705 .000
Scale4: 2 0 Not Sig. 0 Not Sig.
Scale4: 3 2.267 .000 2.218 .000
Road 1 .760 .000 .993 .000
Condition 2 02 - 02 -
Traffic 1 293 104 Not significant
2 317 .084 Not significant
3 02 - 02 -
Distance 1 544 .003 744 .000
2 409 .025 510 .006
3 02 - 02 -
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