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Implementation and real-traffic assessment of a inéatainment interface concept.
Master's Thesis in the Automotive Engineering
SERGEJS DOMBROVSKIS

Department of Applied Mechanics
Division of Vehicle Safety
Chalmers University of Technology

ABSTRACT

In-vehicle infotainment systems (IVIS) of tomorramust meet very high demands for
interaction safety, ease of use and flexibility.eTgrowing functionality of IVIS
pushes the development of entirely new interfabes dévercome limitations of the
current designs. In this thesis we implemented tased “Remote View” — an
interface that adds a head-up display to a conmealtitouchscreen interface in order
to improve secondary task safety.

We implemented four variants of Remote View integfausing touchscreen and
touchpad as input devices. For comparison, conmealitouchscreen interface and
touchpad input for touchscreen were also tested.main goal of this thesis was to
test safety impact and acceptance of a new hybratface comprising Remote View.
We hypothesized that Remote View would have alloteedse touchscreen graphics
user interface (GUI) more safely without compromgsthe flexibility and usability of
interaction.

This thesis covers: prototype development, redficraest experiment (design and
performance), and both safety and usability ansli@ Remote View interface. The
real-traffic experiment was conducted with 22 marants using an instrumented
EuroFOT vehicle on a public highway in GothenbuByeden. EuroFOT is the
largest European on-going project collecting reaffit data for intelligent vehicle

systems evaluation.

Our results show that, on average, participantsstder and more comfortable using
Remote View than conventional touchscreen interfabéde performing secondary
tasks. However, the objective metrics neither suppor contradict this feedback
from the participants. In addition, it was founatltontrolling a remote screen with
touchpad provides a good compromise between coovahttouchscreen interface
and Remote View.

In conclusion, we recommend 1) further researchimmpdovements for Remote View
and 2) use of touchpad for GUI interaction. Thisdgtwas performed as a part of
Master’s thesis at Chalmers University of Techngltay Volvo Car Corporation.

Key words:

Real-traffic experiment, hybrid Human Machine Ifaee, Head Up Display,
touchpad, touchscreen, secondary task, safety, IVIS
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1 Introduction

Can you imagine a perfect car infotainment syst&ifat would you do with such
system? Would it be safe to do it while driving?sltpossible to imagine seemingly
flawless system that could require virtually nooefftto control and that would present
to us virtually any type of content. For exampl@glaehjue based voice and gesture
interface that would understand your intentionamfrbalf of a spoken word and
project individualized visual content directly intlsiver's eye. Such system would
probably be better than anything available in modehicles, but it would not enable
us to watch TV, read news and write emails simeltasly while driving. The
limitless possibilities of technological progressncmake our dreams real, but the
limited capacity of a human operator remains. Uihiel perfect autopilot replaces the
driver, in-vehicle human machine interaction (HMWill be balancing the
compromise to bring our dreams into the car whisemaining traffic safety.

The subject of this Master's thesis is a researttha potential infotainment solution
what would allow to use existing in-vehicle infotaient safer than before and
possibly bring in new features without compromisdrgying safety. The thesis will
describe the approach to HMI issues, developmenh@fconcepts, testing process,
results and conclusions in line with initial targeThe following sections discuss the
basic information about the purpose and objectofdbis study.

1.1 Purpose

In the recent decades there has been a great nuhbesearch and development in
the area of in-vehicle information systems (IVISyvdn by technology, safety, market
trends and other considerations. Since the inttomluof multifunctional displays for
trip computers the integration of functions andideas of IVIS has gone a long way.
A number of sources (Palo et al. 2009; Tonnis e2@06; Ford Motor Company
2010a) state that current trends in automotive tdkél driven by many technological
features that must be integrated in multifunctiantdrfaces. Not only the number and
complexity of IVIS functions is increasing, but @leew user expectations and new
technologies (Selker 2008; BMW Group 2009) drive thanges and improvements
to existing HMls. In fact the influence of inforn@t technology (IT) on car
development is so significant that the whole vehichn be viewed as a complex
computer system (Tonnis et al. 2006).

In parallel to IVIS functionality development lot§ research is done to study and
improve the safety of interaction with IVIS. Natadrand international efforts such as
eSafety (ERTICO 2008), AIDE (Gustav Markkula et2008), HUMANIST (Mardh
2008; Cacciabue & Re 2008) and OPTIVe (Palo €2@09) work towards improving
safety of IVIS. As a result manufacturers are atyivstudying HMI problems and
present new solutions with more safe design.

Notably, nevertheless many international efforteerapted to develop the most
sophisticated HMI solutions there are still manyngipally different HMI solutions

on the market today and even more diversity mayecomnthe future. As concluded in
European AIDE project (Deregibus et al. 2008) naayadthere can be no “best in-

CHALMERS, Applied MechanigsMaster’s Thesi010:56 1



vehicle HMI”. As a part of product and brand ditfatiation HMI can not be easily
standardized and there is no clear winner as thelate best approach to HMI design.

Recent US consumer study (J.D.Power and Associ168) showed that drivers
clearly favour IVIS with touchscreens (TS) — allptwanking (5 stars) systems
included TS input. The flexibility and accessilyiliof TS is well known in the
industry (Rydstrom et al. 2005; Yang et al. 204t at the same time TS are often
criticized for relatively high impact on driving fetly compared to remote controlled
interfaces (Rydstrom 2009; Ecker et al. 2009; Wattm et al. 2006). From safety
perspective it is of great interest to develop éutsmn that would capture TS
advantages while providing greater safety.

In the light of increasing body of knowledge abdwMiiS safety and massive
technology driven development, the present studysaio contribute with a new
concept of interaction that makes use of recerin@logy developments and has the
potential to improve the safety of a complete HMlusion. The functionality
described in this thesis addresses the need flaxdle, feature-rich system that is
possibly safer than currently used interfaces. blgtahe goal is to find an
improvement over comparable interfaces and notsseci#y to design the absolute
best system from the safety perspective. Compaiatdeface could be an interface
that offers similar flexibility, efficiency, custosn experience, and is used in the same
use cases as the proposed concept.

1.2 Objective

The primary long-term target of this thesis togi¢a reduce distraction caused by the
use of multifunctional IVIS while driving. The neproposal must be positively rated

by experiment participants in order to show theepbal of good acceptance and

usability of the evaluated concept. The potentéitamcement is expected from a
concept named “Remote View” (RV) that is basedauthscreen IVIS.

The specific objectives of this work are:
1. to implement the Remote View concept idea for ihigke use;

2. to design and implement experimental study in tesfic for Remote View
assessment;

3. to assess safety benefit and user acceptance Bitinete View interface.

The results of this study shall be statisticalljidvzaand should be comparable to
previous research data. The experimental desigrnsaty procedures were inspired
by similar studies (Rydstrom 2009; Chilakapati 20p8rformed at the Open Arena
Lindholmen Science Park and Volvo Car Corporation.

Additionally, in early stages, this thesis work haevider explorative scope focusing
on all the latest technologies that could be agdpheVIS. The initial objective was to
look for alternatives, competing solutions, ancevaht technologies that could be
considered for future IVIS development.

2 CHALMERS, Applied MechanicsMaster’s Thesis 2010:56



1.3 Automotive engineering

Every task, study or problem can be approached &omultitude of perspectives. It is
important to consider that the background and anaxebjectives of the specific
student significantly influence the content of therk.

The present thesis work is done as a part of thtorAotive Engineering Master
Programme at the Chalmers University of Technolddne program is a continuation
of the Mechanical Engineering education but off@rgreat flexibility that suits the
needs of the automotive industry. Apart from thendaory focus on fundamental
automotive knowledge such as powertrain, chassis safiety students are free to
specialize in any area related to automotive ingu8uch an approach corresponds
with a need for specialists with cross-functionaimpetence and a good insight into
requirements of the automotive industry. In thissegathe basic Automotive
Engineering education is complimented with humanadis and product development
focus.

From my personal view the IVIS as an integral pErtthe complete automotive
product. That means that the set of consideratapudied to IVIS is not limited to
safety or usability, but instead attempts to caanplete set of criteria. Some of the
considerations implicitly are: safety, latest teglogies, blind control, costs, usability,
efficiency, ergonomics, branding, design, origityali HCI trends, customer
experience, reliability, availability, design gulithes, research studies, competing
solutions, additional features, flexibility, etceiertheless the main objectives of this
work are constrained to driving safety and useeptance of the proposed Remote
View concept.

1.4 Constraints

In order to keep the focus and fit the constraaitthe Master’s thesis the work was
has a number of limitations.

» The design of a touchscreen graphics user inteffath) is beyond the scope
of this thesis, therefore GUI is made exclusivaly test scenarios and results
are not directly comparable to commercial toucheonote control GUIs.

» The driving experiment must have minimal amounvariables among studied
setups that permits efficient data collection ammdhlgsis while satisfying
research objectives. Amount of research questiadgd be limited to maintain
manageable amount of variables between the stutdiedaces.

* Because of focus on safety analysis, experimergalgd can be a limiting

factor for exploring full usability potential. Ecmdical validity may be affected
in order to provide more consistent safety measarngsn

CHALMERS, Applied MechanigsMaster’s Thesi010:56 3



* The studied population was chosen only among thglames of Volvo Car
Corporation. More varied sample could have providess bias and more
generalizable results.

* Due to shortcomings of the experimental protocbke bjective metrics
presented in the present study have specific ltroita that are described in
Sections 3.6 and 4.1).

1.5 Hypothesis

The experimental part of the present study addselgpotheses that are related to
complete interface concepts and also specific harelwsed in the test setup. In order
to fully understand the list of hypotheses it mayrecessary to consult the Method
Chapter of the thesis. There are two main develapeints of RV — dynamic and
static (see Section 3.2.1). Touchscreen interfaa® tested alongside RV concepts in
order to provide comparison. As well RV was implemeel and tested for use with
touchscreen and touchpad input (see Sections ar#13.3.1). The test setup also
featured “clickable touchscreen” that provides lapgkeedback and additional
selection method for touchscreen (see Section Bl main hypotheses are:

« Remote View is safer to use while driving than tweareen.

» Users will prefer to use Remote View over touchsarehile driving.

» Static Remote View is less demanding than dynamsim&e View.

* Touchpad is viable as an input device for touctet®UI during driving.
» Touchscreen is viable as an input device for HUBrgdudriving.

» Users will rate haptic feedback on touchscreentpesy.

1.6 Thesis outline
This report is structured in 6 mayor chapters:

1. Introduction — the present chapter. Contains thggse, objectives and main
reasons for conducting this study

2. Background is focused on literature review inclgdboth scientific sources and
also commercial information about available tecbgms and market needs. We
introduce the major influences and consideratidrikis study.

3. Method chapter covers the methodology of the cotepproject. Apart from
documenting all stages of the thesis work procesthod chapter contains the
description of Remote View HMI concepts, the pearfed experiment and also
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discusses the methodology of an HMI analysis usiegl-traffic driving
experiment approach.

4. Results chapter presents the actual results cetlebiiom the Remote View
assessment experiment. Results are structuredjbgtiol and subjective metrics
providing overview for all relevant data indepenidieam tested hypotheses.

5. Discussion chapter of the thesis attempts to interfhe results together with
additional knowledge on the subject. Detailed eatatun of concepts together
with possible causes should provide support for teeommendations and
conclusions based on this study. Discussion alstiafip covers the observations
and experience concerning methodology of the dgivarperiment in live traffic
conditions.

6. Conclusions provide very brief summary and the melstvant findings from the
present study.

CHALMERS, Applied MechanigsMaster’s Thesi010:56 5



2 Background

In order to efficiently contribute to HMI developmteand advancements in IVIS
safety it is necessary to take into account theomasork done in the HMI area and
the most critical factors affecting IVIS usabilignd safety. The section about
experimental studies briefly introduces the basidsexperimental design and
approach used in this thesis work. Then the HMhitetogies section presents the
evaluation of HMI components that are suitable I%dS. Finally a summary of the

state of the art HMI solutions is presented togethigh a peek into the upcoming
advancements.

2.1 Review of previous studies

The research work performed in HMI area can becsirad into individual scientific
studies performed independently and also within games, into guidelines and
standards which have the status of recognized atalies of knowledge and into
national or international research projects thaerofpresent comprehensive results
that drive HMI development. Of course there are ttinternal advanced engineering
projects, studies, product tests that are perfornyedompanies offering HMI related
products, but that information is often inaccessibt of poor quality for academic
reference.

2.1.1 Guidelines and standards

The IVIS as all IT based systems are developingmfaster than it is possible to
standardize (Palo et al. 2009, p.5). New technolwgygs new possibilities that were
not accounted for in previous years, for examplenigeansparent display
technologies fit in the middle between vision olssay displays and head-up displays
which are regarded as acceptable for placementiwerts primary field of vision.
Nevertheless there are several guidelines avaifableiMI design (Cacciabue & Re
2008; UMTRI Driver Interface Group 2010). The moesmprehensive and relevant
guidelines for European manufacturers must be threfean Statement of Principles
(Commission of the European Communities 2008) andraparable document from
the Alliance of Automobile Manufacturers (AAM) inSA (Driver Focus-Telematics
Working Group 2006).

Both European Statement of Principles and AAM glings are very close to one
another and have been mutually influenced. In lsades guidelines do not apply to
voice control, heads-up displays (HUD) or advancktver assistance systems
(ADAS). The content includes both suggested priesignd methods for verification
and also points to relevant legislation that gosepecific aspects.

The guidelines suggest following the “no obstructiof driver's field of view

principle, limited glance durations, placement @pthys as close to driver’s field of
view as possible and careful presentation of infdrom to avoid unnecessary
distraction and facilitate quick perception of imf@ation. AAM suggests verifying

6 CHALMERS, Applied MechanicsMaster’s Thesis 2010:56



HMI systems by measuring glance duration (less tl2an individual glance
requirement) and vehicle control in comparisonde af classic radio (humber of lane
exceedences or variation in headway distance).d8tdized occlusion method (ISO
16673: 2007; Pettitt et al. 2007) is presented sughested for verification use. And
European guidelines also mention Lane change k€3T)(as a possible metric for
distraction (ERTICO 2008, p.35; ISO 26022/PRF 2010)

For new concept development guidelines provide blasic direction but it is
important to note that guidelines are not alwaypliagble to brand new concepts
because of limited scope on well known HMI techgos. Nevertheless, it is
recommended to follow guidelines where applicalnlé develop systems that do not
require changes in legislation for market introtuct

2.1.2 Research projects

During the last decade there was a number of ratiand international attempts to
design optimal IVIS interface. These projects iveol many experienced specialists,
leading companies, multiple prototypes, designatiens, studies and significant
resources. For reference this section presentsldtest projects from Europe. These
projects provided many deliverables that were udeiuconcept assessment in the
present study. Nevertheless the Remote View consepdt a complete solution as
the interfaces presented in these projects (theemts include voice control, steering
wheel controls, etc.) and RV is employing techn@eg(full-colour HUD and
touchpad) that were not included in the demonstrajstems. Consequently the RV
concept could not be directly based on any of thdisd HMI projects.

2.1.2.1IVSS - Intelligent Vehicle Safety Systems

OPTIVe IVSS project in Sweden was concluded in 2(®&lo et al. 2009). Within

this project there were 5 advanced engineeringeptejat Volvo Car Corporation that
developed a complete IVIS interface through 3 matgrative prototypes (Figure 1).
The system has a high mounted multifunctional digphat is controlled by steering
wheel controls (thumbwheel and buttons) and alshifomoctional rotary knobs on the
central stack.

The system was designed to be accessible, efficilexible and safe to use. The
project identified the usefulness of the HUD and hiultifunctional displays for
system output. Steering wheel input is consideoeoktthe primary and safest control
method. As well study specifies the importancewdw” effect and unique design of
the system in order to facilitate customer satigdac The resulting HMI from this
project is due to be in production on Volvo passgrmgrs in 2010.
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Figure 1 The first and second prototypes from ¥83 HMI project.

2.1.2.2AIDE — Adaptive Integrated Driver-Vehicle Interface

The European Union AIDE project was concluded i0&@Deregibus et al. 2008;
Rué 2007; Gustav Markkula & E. Johansson 2009).pFbgct conducted over 4 year
period included 28 stakeholders with among otheayan European OEMs such as
Fiat, BMW, PSA group, Seat (Volkswagen) and Vohexfinology.

The 3 final prototypes by Seat (Figure 2), Fiatg(ffe 3) and Volvo Technology

Corporation (Figure 4) demonstrate interfaces vi#iptic barrel key (HBK) on a

steering wheel as a main input device. The mosteuble feature of the 3 concepts
must be the diversity of solutions. The AIDE prajémcused on system architecture
and safety aspects while it is stated in the cahioidocument that HMI is an area of
competitive advantage and customization that meiSDBEM specific (Deregibus et al.

2008). The resulting HMI components form a flexibé®lution that can be

implemented in a variety of ways.

Seat implementation consists of large touchscreeprimary GUI and an instrument
cluster display controlled by one HBK and additicstaering wheel buttons.

Fiat solution uses one HBK to control reconfigueainistrument cluster panel.

Volvo truck solution uses two HBK on the steeringeel and two colour displays —
one in instrument cluster and one in the centethefdashboard. In addition Volvo
truck also features LED HUD display.

All prototypes have extensive implementation of ceoicontrol input-output in
addition to manual controls. The project resultggast that the systems are favoured
by more than half of respondents and show measusaliéty improvements.

As well the methodology used in AIDE developmensugjgested as a tool for HMI
solution evaluation. Most helpful for the presetuidy was the deliverable 2.2.5 about
driving performance assessment metrics (Ostluradl 2005).
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Figure 2 AIDE Seat Leon “city car” prototype.

Figure 3 AIDE Fiat Croma “luxury car” prototype.

Figure 4 AIDE Volvo FH12 “heavy truck” prototype.

2.1.2.3COMUNICAR

COMUNICAR (communication multimedia unit inside favas EU project aimed at
development of easy to use, safe HMI for vehiclesilar to later AIDE project
(Bellotti et al. 2005). Among involved stakeholdersre Volvo Car Corporation and
Alfa Romeo who prepared 2 functional prototype2003 (Figure 5).
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Figure 5 Alfa Romeo 147 and Volvo S60 based COMIARI prototypes

The resulting HMI from COMUNICAR project uses rotdraptic controller to
control high mounted multifunctional display andsalfeatured reconfigurable
instrument cluster. The research work had an enmploasinformation management
system, user centred design and GUI developmeind. prbject can be considered as
surpassed by the AIDE and IVSS projects, but éxemplary that the current HMI in
Mercedes Benz (DaimlerChrysler was involved in COMOAR project) and Alfa
Romeo cars follow the concepts developed in thagept.

2.1.2.4HUMANIST

The HUMAN centred design for Information Societychaologies (HUMANIST)
European Union project was conducted in parall&IoE in 2004-2008. This project
united 23 research organizations from 15 countme®rder to develop a broad
knowledge base in human factors in IVIS, ADAS amdffic related subjects
(HUMANIST website 2004). The project offers a laggeantity of public deliverables
covering topics such as:

* The report on assessment methods (BASt & TRL 2@@#hYains one of the
most comprehensive reviews on methods for IVIStgafeidies (for 2004) that
are summed together in one 21 pages long matrix.

» Complete IVIS assessment methodology with toolsraethods (A. Stevens et
al. 2006) has updated and extended matrix of metlal presents initial
structure of an assessment methodology for IVISADAS studies.

 The proposal for common methodologies for analysdryer behaviour
(Janssen 2007) contains the most brief and easys® selection of
recommended methods and metrics for driving peréoire, driver state and
usability measuring.

* Common methodology document on test scenario aefi(Weste et al. 2007)

describes methodology used in HUMANIST, ADVISORSI akDE projects
that is applicable for any IVIS or ADAS study.

10 CHALMERS, Applied MechanicsMaster’s Thesis 2010:56



» Specification of knowledge database on guidelinesl alesign criteria
(Cacciabue & Re 2008) covers IVIS classificatiodIHlesign guidelines and
state of the art review of IVIS applications.

+ Review of knowledge on human centred design (Maadi98) contains
guidelines and code of practice for human centesigih (HCD) of IVIS, joint
cognitive model of driver-vehicle-environment, setemethods for IVIS
review and also introduces SafeTE method for I\@l@ation (Engstrom &
Mardh 2007). The HCD for IVIS application aims tasare usability and safety
of new designs.

* Review of user groups and their needs for ADAS #its (VTT 2006)
provides overlook at relevant user groups in refatio design of intelligent
transport systems (ITS).

« Review of distraction effects from VIS (BASt 200d)scuses naturalistic
driving field studies (FOT) and situation awarenapproaches for IVIS effect
studies.

The mentioned reports provide a great introductcoRIMI research and allow taking
advantage of the knowledge summarized by many &xfrem whole Europe.

2.2 Performance factors

Successful HMI design relies on a number of factbed must be accounted for in
design process. The factors reviewed in this se@re mostly safety related but also
cover important product success factors.

2.2.1 Cognitive workload

Driving a car is a complex task that in extremeesasan overload driver's mental
capacity in its own regard (Cacciabue & Re 20080).Driving a vehicle is always
considered as a primary task that can not be irgdiy IVIS use (Commission of the
European Communities 2008, p.4). Depending on ifilgason interaction with VIS
is considered to be the secondary task (Mardh 2@0B7) but it can also be
considered as a tertiary task (Tonnis et al. 2@0628; AblaBmeier et al. 2007,
p.2250).

To manage the cognitive load on driver IVIS solnsianust be optimized for quick

perception (Commission of the European Commun#@#8, p.17), consistency, good
task support from system and limited use of atbengjrabbing content such as video.
To maximize safety, IVIS interface must be desigwéti a mindset towards reducing

cognitive workload from principal layout throughatdgsign of individual details and

content. Therefore workload measurements are ani@ngiost important objectives

of the experimental verification and testing of HMI
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2.2.2 Physical ergonomics

From human factors perspective general ergononaicde divided into cognitive and
physical parts (IEA 2010). Clearly HMI requires ploal interaction that is subjected
to human physical limitations and anthropometrifedénces. As a prerequisite for
successful HMI the physical ergonomics of the solumust be always maintained at
a good level (Niedermaier et al. 2009, p.2): cdstroust be easily reachable, hands
and body must have adequate support for task miatigmny, text must be legible and
the overall driving environment should follow thegenomics requirements and
standards.

2.2.3 Display location

Studies have shown that display location has etifirmpact on secondary task safety
(Wittmann et al. 2006; Normark 2009; Rydstrom 20@kplay position affects the
time it takes for a driver to shift view onto thisglay and back and how efficiently it
is possible to use peripheral vision for vehiclatool while interacting with 1VIS.

The best display position and technology for intgkehdisplays currently is the head
up display (AblaBmeier et al. 2007; Kosaka et 80&, Liu & Wen 2004). HUD has
both the advantage of very good positioning but &lstter spacial presentation for
easier eye refocusing. Proven HUD safety benefd adevelopments in HUD
technology (BMW Group 2009, p.26) allow considerlHgD as a more central part
of the HMI solution and actively using HUD as a Gli8play device.

For other display placement the general rule appghat the angle of view must be as
small as possible from the normal road view. Ablaiem et al. showed in 2007 that
even small changes in display position can sigaifity influence safety, therefore it

is considered critical to indicate display positiarevery HMI study and consider the

display position when comparing results.

The most affected by poor display position are liguauchscreens (TS) which are
often positioned very low on the central stack daiing traditional reach
requirements. But the examples of cars such adl@a@RX (2010) or Infinity M56
(2010) show that it is possible to position TS irektively high position similar to
remote controlled displays. For touchscreen studigsay location is critical both for
good reach and for best possible view. There i®ssipility that low touchscreen
position in most studies is the reason for poorclsoreen safety performance
(Rydstrom 2009, p.27) which is also supported hydists that indicate good TS
performance (Horrey et al. 2003).

2.2.4 Multimodality

In the context of this work multimodality is defmheas a possibility for input and
output via different senses. By using several mbeésalsimultaneously it is possible
to better utilize human capacity and prevent owtl@f single senses (Wickens
2008). For example it is easier to combine taskssnal and audio modalities than if
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the tasks share the same modality (driving andriglkr driving and reading). Most
common interaction is through tactile input andusisoutput but that is only one
solution. Voice recognition is already successfulbed for VIS input (MAIX 2009;
Ford Motor Company 2010b). Similarly audio signatsl voice is used for system
output, for example reading of text messages aadigl tracks. It is possible to add
haptic feedback to tactile interaction as well aklitonal force and vibration
actuators for utilising haptic output. For examipinity uses active “eco pedal” that
can communicate excess fuel consumption by foreeldack on the foot (Nissan
Motor Co. 2008).There is support that users prefanbination of visual, audio
(signals; speech) and haptic (vibration) feedbdictogether (Serafin et al. 2007; Pitts
et al. 2009). Therefore haptic feedback and audioevinteraction are important
technologies for modern in-vehicle HMI. In this et multimodality was not central
to the development because of focus on touchscfebh interaction safety.
Nevertheless some aspects of haptic feedback cmulchplemented in the test setup
and there is no doubt that more multimodal add#tioauld benefit a complete HMI
solution that would include the tested interfaces.

2.2.5 Interaction principles

Probably the most important and fundamental diffeeebetween HMI solution lies in
the interaction principle behind the interfaceehattion principles define flexibility,
design constraints, some principal aspects of ieffy and safety therefore
interaction principle is a major factor of HMI sess. Today there are 2 most
common primary ways of interaction with the systemthe market: rotary controller
and touchscreen. As well many OEMs offer multifumeal GUIs with steering wheel
control and voice recognition in addition to theénpary input method. Other control
methods for multifunctional IVIS interfaces avai@bon the market today are
“Remote touch” controller by Lexus and Denso, diewl navigation buttons or
joystick (used in Volvo, some Mercedes cars anersdh scroll wheel and wireless
remote control with directional navigation buttgnsostly for passenger use).

Often viewed as separate topic are the alphanureetily methods that can be on-
screen keyboard (typical for TS and directional igatton buttons), circular and
linear lists (typical for rotary controllers), nure keypad (available in Volvo
Mercedes, Peugeot and other cars), voice recogratid also fingertip writing which
is introduced on a market in an Audi A8 (in 201@)theory it is possible to realize
and optimize text input in a variety of ways (Macke & Soukoreff 2002, p.166)
but the main limitations are the intuitiveness arsgr acceptance. The text input is
very significant for multifunctional IVIS (Kern &tl. 2009, p.4706; Graf et al. 2008,
p.1686; Yang et al. 2007) but voice recognitionnpises to solve most of the
problems.

Voice recognition has reached the level of matutiiigt makes users demand and
actively use such functionality (MAIX 2009; Ford ko Company 2010Db).
Considering ongoing development and more widespraadilability of voice
recognition it can be argued that in the futureceaiecognition will be the primary
mean for alphanumeric entry and therefore othezradtives are becoming less
important in terms of usability and safety perfonte
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2.2.6 Interruptability

It is well established that the driver must be dbleteract with the system efficiently
by individual glances no longer than 2s each (DriFecus-Telematics Working
Group 2006, p.39; Bach et al. 2009, p.458). Theedrmay divert full attention to
driving at any moment. As a consequence it is ingmrthat the system supports very
long interruptions between interaction chunks friv@ driver. That means no “time-
out”, easy resume of interaction at any systemestad endless repeating of voice
prompts, and possibly additional system supportrésuming interaction (mostly for
voice prompts — additional information about cutrgystem state after long break).

Another aspect of interruptability in IVIS desigred in active driver workload
management or pacing of information (Cacciabue &2B@8, p.21). Many research
projects study the benefits of pacing and theresgséems already on the market that
can delay phone calls, warning messages, etc. @a#b 2009, p.6; Bellotti et al.
2005, p.37; Gustav Markkula & E. Johansson 20026)p.For IVIS application
pacing can be implemented as temporary blockingatires and warning signals for
the driver to focus on driving when necessary al$ agetiming and intensity of voice
messages.

2.2.7 Usability

Usability is the focus of the human centred degigrspective in IVIS human factors
(Mardh 2008, p.17). Usability performance suggestse of use, pleasant emotions,
intuitiveness, accessibility and efficiency of irastetion (Niedermaier et al. 2009). The
interface should adopt and be suitable for diffexesers considering their demands,
expectations, previous experience, age and culithhere are many guidelines and
recommendations in usability for good interfaceigiedrom computer interaction
domain that apply well to modern multifunctional I8/interfaces. Some of these
guidelines are presented in (Mardh 2008, pp.19H4&Y. Johansson 2005, p.18).

It is important to take into account that achievgogpd usability is a complex task that
goes beyond the principal controls, interactionhradtand GUI as it is tested in most
IVIS safety studies. Therefore usability resultsregearch prototypes can be lower
compared to the true potential of a fully developetlition.

2.2.8 Customer experience

Besides practical and safety requirements HMISs al very important aspect of car's
competitive advantage (Deregibus et al. 2008; Rotbr Company 2010b). It is not
enough to provide a solution that is perfect from engineering perspective —
multiple sources state that customer experienesssntial for successful HMI (Palo
et al. 2009, p.12; Norberg n.d., p.47; Niedermateal. 2009, p.445). Therefore HMI
design benefits from distinctive, innovative sadas and original design that must
also meet the usability and safety requirements.
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2.2.9 Flexibility

The concept of a multifunctional IVIS suggests gn&tion of all possible comfort and
information features as well as expandable platfofon user customizable
applications. The requirements of today already ateininternet browsing, 3D map
manipulation and intuitive multimedia content natign. Therefore success of future
IVIS solution will be heavily dependent on the flakty of control and interaction
possibilities of the HMI. In terms of flexibility $ GUI is currently the most
promising alternative because it offers the sareedom as most smart-phones and
tablet PCs. On the other hand the dedicated cantoolaudio and HVAC (Heating,
Ventilation and Air Conditioning) offer next to ritexibility yet these HMI controls
are still used in most vehicles and remain demambgezlistomers.

Because the range of HMI components used in caamssfrom dedicated and
inflexible to do-anything very flexible interfacasith many partial solutions in-
between (directional buttons; rotary-pushable ailetrs; rotary-pushable-tiltable
controllers with additional buttons and X-Y axisygtick...) it is important to
distinguish between levels of flexibility that arViHcomponent provides. In general
less flexible solutions like rotary controllers leatheir advantages, for example when
navigating lists (Rydstrom et al. 2009) but mayueey inconvenient for complex
interaction (for example Web browsing) comparedniare flexible HMI. In-vehicle
HMI is used not only during driving. User might wan access the most complex
features while stationary or a passenger mightthiedVIS instead of driver. As a
result there is a need for HMI components in a alehthat are very flexible, but
perhaps inferior to other alternatives in certatenarios. The solution could be in
hybrid interfaces which combine multiple GUIs angut devices for system control
with different interaction methods. Complete hylddMI solution has the potential to
fulfil highest efficiency-safety targets as well affer maximum flexibility and
accessibility.

2.2.10 Technical aspects

Finally the HMI solution is always dependent on #wtual hardware and software
implementation. Even the best HMI can be disappanif the implementation
struggles from poor framerate, long loading tingedayed response to user input or
program errors.

The latest engineering principles for user intesfa¢Ademar 2009) suggest that the
implementation should be both well integrated s hlardware and modular in the
software. Integrated hardware solution makes iieea® seamlessly control and

display IVIS data on multiple devices such as hStrument cluster display and HUD
simultaneously while processing inputs from muétiglifferent input devices. The

modular software development allows easy customizafitting and expansion of

existing software to multiple products and prodyeerations.
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2.3 Experimental studies

While performance factors influence the successnoHMI solution the most widely

used and reliable way to evaluate concepts is peifigg an experimental study.

Experimental setup can wary from presentation afcept on paper drawings up to
testing a production ready prototype in an instmi®eé vehicle on a public road. The
most common approach is to use driving simulata@c(Bet al. 2009, p.457) but the
present study was performed in an instrumentedmcar public road. Simulators offer
a good balance of cost, time, validity and contodler an experiment while

instrumented car avoids all simulation fidelityuss for a price of less control over
the environment and more noise in measurementsnatily in this case the choice
of setup was determined by the availability of mstiumented car and problems with
access to the driving simulator.

Instrumented vehicles were used even before drigingulators were technically
viable but always had many limitations on their .uBer HMI studies the main
limitation was the complexity of data collectionngsinstrumented vehicle compared
to computer generated simulation that has prectsdbulated values for all aspects of
the simulation. Today instrumented vehicles apgroasatility of driving simulators
because of availability of data logging from a ntutte of built in sensors that are
present in a production vehicle, new sensors susclame-tracking cameras, GPS
positioning and radars that can provide data oareat environment and availability
of compact eye tracker equipment, video recordimd) ecessary computers that can
be fitted in a test vehicle. Naturalistic field ogtonal tests (FOT) have developed
robust instrumented vehicles that can be often digeddMI research without any
modifications. All together instrumented vehiclee enore affordable, more efficient
and more available in automotive industry than teefo

The most believable experimental setting for anyimg study is in real traffic.
Driving on public road in a real vehicle removessinconcerns over unnatural driver
behaviour compared to simulated environment whareng other issues driver has
no penalty even for making a fatal driving mistakbe challenge lies in the limited
control over real driving scenario and many contbnog factors that can not be
excluded from real life setting. The realism andkfity of real traffic experiment is
counterbalanced by noise in measurements, unexpeaternal events and ethical
limitations. Nevertheless, projects such as varieQ3 projects (Brusselmans 2008)
and for example AIDE project demonstrate how resffit data is used in modern
traffic safety studies. The present study used EOMO(ERTICO — ITS Europe 2009)
instrumented vehicle from Volvo Car Corporation &xsessment of HMI concepts on
a public highway. Because there is not enough kedgéd on real traffic experiments
for HMI evaluation in addition to defined goalsjstithesis also provides thorough
review of used methodology and experience fromdheing experiment and data
processing.

Experiment always faces the question of how taieffitly capture the studied effects
while maintaining good ecological validity and pib$g also be comparable to related
studies. Good references for experimental design the reports from AIDE,

HUMANIST and VTI (A. Stevens et al. 2006; Janss@02 Ostlund et al. 2006;
Ostlund et al. 2005). These documents summarize raviéw the methods and
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metrics for IVIS testing and provide recommendatidor making an informed
decision.

Another aspect of experimental design is the teshario definition, and yet again
there is a good support from HUMANIST project instlarea (Veste et al. 2007).
Following a tested methodology helps to ensureityuaf experimental design with
high work efficiency.

Apart from objective results, from a test scen#niere are additional findings possible
from an interview and questionnaires for particigafiPalo et al. 2009, p.24). There
were no definite guidelines found for the conteriit questionnaires, therefore
examples from other studies can be used as wditemature for market research
(McQuarrie 1996).

Finally, for every study it is important to identifelevant related studies that help to
anticipate results, potential problems and serva asmparison for result analysis.
The present study was inspired by previous studfopred at Lindholmen Science

Park (Rydstrom 2009, p.24) that studied severalSIMiterfaces in a fixed base
simulator. To estimate Remote View effects and ndefnypotheses a number of
papers were reviewed that included HUD displayochscreen interfaces in the test
setup. Majority of published research was done gusinving simulator setups of

various complexities. Because there are major reiffees between different HMI

studies there should be no reasons not to compauts from real-traffic experiment

to studies performed in various simulated condgioifhe reviewed papers are
references along the thesis report where necessary.

2.4 Interpretation of HMI research

Even though there is a lot of research done addgebiVI safety while driving, there
are many limitations and problems that must be idensd when drawing
conclusions. In many cases authors’ interpretat@amsbe misleading or the authors’
themselves state many possible reasons for obseegeidts. Even if the study was
done up to the best standards there is still a rémmuncertainty. Here are some
suggestions for spotting problems in automotive Hkidies.

Test environment fidelitsnay be a factor for differences in driver behavidtudies
addressing simulator validity or comparing simufatand controlled driving
environments (Engstrom et al. 2005; Ostlund e2@06; Alm 2007; Bach et al. 2008)
have shown that even though fidelity is not cryaialtain observation can be noted —
for example increased lateral and longitudinal degens in simulated environments
and differences in eye glance duration. These osetire safety relevant therefore
differences between environments caused by levéinofersion or simulator setup
problems can influence the absolute measuremedts\arall safety evaluation.

Unjust test setup there are cases when compared setups are upeygimhized, for
example in (Ecker et al. 2009) the studied proposedcept is compared to
“simpleTouch” interface that is missing several Gbltimizations that provide
additional unjustified advantage to the new concept
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Too many variables when compared setups are very different fromasragher (for
example differ in input device, output device anteiface all together) it can be
difficult to assess the individual weight of eadriable in the end result. In gesture
interface study (Alpern & Minardo 2003) researchemnmpared simple radio to
gesture interface with HUD visual presentation. Aguohe results they presented the
following quote: “[The gesture interface] helped kezp my attention on the driving
more because | didn’t have to take my eyes offrtfagl.” This quote supports HUD
display while researchers used it to promote gestierface.

Implementation details- it is important to know the specifics of the diad HMI
setup and experimental protocol before interpretimg results. Possibly the most
valuable are the notes and observations aboutxiperienent that can reveal potential
for improvements. For example touchscreen interfaedormance may be reduced
because of poor display position (Fuller & Tsimh@009, p.19), unsuccessful GUI
software (slow response, inconsistent, poorly \&siboo small GUI elements, and
various optimization issues) or unresponsive tosemsor (common with older
resistive touchscreens). Thus the results presentewst studies may be interpreted
as the performance of a concept with the correspgnéist of implementation
problems. Depending on implementation details, ltegtom one study may be more
significant than from another study of a same issue

Biased presentation of results results can be presented un-normalized, without
taking into account principle differences or thempared setups can be poorly
matched. For example visual presentation of nawmgainformation on IVIS is
compared only to passenger instructions (Burne®02®.3.1.3), where it could be
compared to system’s voice guidance or perhapsnmgadpaper map while driving.

Correlations between metrics the overwhelming majority of research papers in
automotive HMI area do not present correlation ysialbetween metrics. It is not
uncommon to see strongly correlated metrics to nesgmted as independent results
supporting each other. For example total glance isrikely to be correlated to task
completion time in the work by (Fuller & TsimhonD@9, p.12). It is often up to
reader to interpret which metrics have common aemficng factors and which truly
provide additional ground for discussion.

Safety definition- the research in HMI evaluation methods is sti§oing and even
though there are more common methods (Bach e0a;Dstlund et al. 2006; Mardh
2008) and a few standards for assessing safety (tdvange test and occlusion
method) there is no proven method for determiningceeptable safety performance.
In practice, if there is an interest in positivenclusions, most of results can be
interpreted as acceptable for in-vehicle use. &wsteof looking for
acceptable/unacceptable interfaces it is more nedde to look for relative
comparisons. HMI studies can often motivate whicterfaces are better or worse
compared to one another, but rarely can intergretréal-world significance of the
observed differences.

Long-term effects- for some concepts it is essential that usersfayeiliar with

system and attempt to use advanced functionalitgrfiaces that are optimized for
advanced users may underperform in common shdrséssions compared to more
accessible or more familiar interface. An exampben office environment — beginner
will tend to use mouse and GUI to perform copy/pastmmands in text editor while
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in long-term most people find keyboard shortcutsren@fficient and worth
memorizing. Suitable test procedure that can detretessuch advantage may be
necessary. A common approach is to increase tasiplegity in order to amplify
performance differences and motivate users to aaidynced functionality, but there
is room for unconventional approaches. An exampiemf human computer
interaction (Bailly et al. 2008) shows how authoisse completely new method
instead of more common scenario execution relatedsorements. Participants were
asked to memorize the structure of several evaduatarking menus to show the
advantage of proposed concept as more logical asylte use than alternatives. Their
approach did not provide usual results such asdasipletion time, but nevertheless
provided good objective support to their concepljlevavoiding long-term effect
issues in experiment results.

In addition it is self explanatory that with so nganfluencing factors the results from
each study can be compared only within the actualys The list of problems
mentioned in this section has no ambition to be plete — the sole purpose is to
prepare the reader for interpreting the differenadsdings from HMI studies.

2.5 HMI technologies

This section summarizes the result of latest teldgyoanalysis that are suitable for
HMI use. It covers hardware input-output componewtth limited attention to
interaction principles for each technology. Theadeadmes from many years of car
and computer news monitoring as well as additisealrch for relevant data among
publications, OEM websites and tech blogs.

2.5.1 Head up display Nowadays HUDs are offered by
manufacturers such as BMW, Buigk,

Saab and Peugeot. All current HUDs
HUD ) .
_ have no more than 3 possible image
colours and have limited resolution. The
Q amount of displayed information is fairly
limited to most crucial information from
instrument cluster and simple navigation
Q Q directions. In the upcoming years it |is
expected that full-colour HUDs will
become available to customers and [the
information content of HUDs wil
become richer. Both from safety and user
experience perspective HUD is a very
attractive HMI technology that i

currently being actively developed by
automotive industry.

[72)
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2.5.2 Instrument cluster display | With development of displays it |s
already possible to fully replage

N conventional instruments by full colopr
= displays. Today for example Jagyar
already has models with TFT displpy
replacing all instruments while Ford udes

2 multifunctional displays surrounding|a

Q Q single traditional dial in the centre of CL.

The big area of such displays allows
presenting large variety of graphiqal
information and dynamically
reconfiguring CL area to suit current
task, mode or user preference. Therefore
CL area can be actively used as a paft of
the complete IVIS as an additional
display or other new purposes.

2.5.3 High mounted display Most displays that require some sort|of
remote interaction in latest vehicles dan

be classified as high mounted scregns
¢ HMS —— (HMS). Brands such as BMW, Lexus,
— | Acura-Honda and many others hgve

Q chosen HMS as a central part of their

IVIS interfaces.

Q g HMS is usually associated with

favourable high and distant position pn
the dashboard that is difficult to achiejve
if the screen needs to be within reach of
an arm. The safety benefit of high scr¢en
position is usually the main argument|in
favour of remote controlled HMPp
interface.

Notably depending on interior design,
HMS display position may have little {o
no advantage over placement of sgme
touchscreens (for example in a numbef of
SUVs, Audi A8 2011 or Hyundai Equyis
2010). As well vehicles such as Cadillac
CTS 2008 have integrated touchscreep in
a position that from a visibility
standpoint is comparable to any HMS.
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254

Innovative display
technologies

Augmented reality HUD images fro

(Doshi et al. 2009) and (T. Poitschke|e

al. 2008)

Apart from variations and evolutions pf

existing displays and their positions thgre
are more innovative solutions that hgve
not yet been adopted by productipn
vehicles. Among these technologies pre
various HUD solutions, for example fyll

windscreen sized projected HUD image
(Doshi et al. 2009; GM Media 2010) pr

augmented reality HUD displays that
would allow to present projected imape
in relation to background and drivdrs
point of view (T. Poitschke et al. 2008).
Simplified augmented reality HUD |
Virtual Cable (Making Virtual Solig
2010) is advertised as market rea
display technology for
directions. Different proposals for curv
displays, from bent in one plane up|to
spherical displays that can also be tojich
sensitive (BMW Group 2009, p.30). 3D
stereoscopic displays — that can pregent
depth of an image. And notably h;!f

.y
navigatign
bd

M ansparent and holographic displays that
o not fully obscure the scenery behjnd

them, for example (Hoshi et al. 2009).

2.5.5 Touchscreen

[
N

of
be
ds

Possibly the most widely used type
IVIS interface, touchscreens can
found on cars from more than 20 brar
and almost all aftermarket built in pr
portable  navigation systems. TS
represents both output and input de\ice
therefore it is often subject of |a
compromise for good placement that
allows for good reach, good visibiliy
and good integration in interior design.

Notably mayor driver for touchscreq
interfaces are the smartphone expansion
with sophisticated finger operated GUls

and responsive capacitive sensgrs.
Widespread adoption of such devices and
the possibility to apply the sanpe

interaction principles in-car together wigh

growing demand for IVIS flexibility
secure great future potential for TS usg
vehicles.

EN

b in
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2.5.6 Conventional controls and
displays

@%
QA /| &®

Even with the most sophisticated mu

Iti

functional interfaces there are very few
cars in production that do not make use

of conventional controls. An up to date
minima|!

example of car with

conventional controls can be Mercedes

Benz S class 2010. The reason for g

feat

reliance on conventional controls is first

of all efficiency and customer dema

nd

for easy access to the most essential
features such as HVAC and audio system

controls that do not
understanding of the car-specific IV

require

S

interface. Another important factor is that

apart from latest upmarket vehicles m
current cars do not have multifunctior
IVIS as standard equipment a
therefore must
controls.

Notably some car manufacturers a
include a smaller single colour displ
for conventional
interior temperature, clock or curre

pst
al
nd

include conventional

SO
Ay

information such as

nt

radio station. These displays also provide

additional efficiency enablin
independent interaction  with
functions without disturbing for examp
navigation information on the ma
infotainment display.

by

basic

e

2.5.7 Steering wheel controls

Majority of OEMs offer some contral

over car functions from the steeri
wheel. In some cases it is even poss

to navigate main IVIS interface using
SW controls (Volvo S60 2011). From the

car control perspective it is very good

ng
ble

to

keep both hands on the steering wheel
but also such controls are usually mnot

exclusive, because there should be a
for the front passenger to interact w|

vay
th

IVIS system as well. Because of inherent
driver focus SW controls are often used

for more focused GUIs that are bet
suited for use while driving than th
main interface (for example in Fo
MyFord Touch system). It is yet to |

ter
e

d
De

seen a production use of more complex

controls than a 4 way switch or
clickable rotating controller on a SW.
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2.5.8 Rotary-haptic control

-
Q

&

Input devices most commonly used w
high positioned display are variations
rotary controller. These controllers g

usually placed either next to gear sele¢

or on the «centre stack amo
conventional controls. Despite wig

adoption by the industry rotary controller

can be a limiting factor of HM
flexibility. An example of the problen
can be seen in evolutions of the At
MMI interface. Over the years Audi firs
added joystick and now touchpad
addition to RH controller to cope with
need for more navigation flexibility. A
well brands such as Infinity and Cadill
try to combine rotary controller inpt
together with touchscreen interface
achieve better overall solution.

th
of
Ire
tor
g
le

|
n
Idi
5t

2.5.9 Haptic mouse
L
@\\\\l\

An innovation from Lexus, joystick lik
controller that controls highly optimize
mouse pointer driven interface
positioned as a better alternative
touchscreen. “Remote touch” overcorm
most flexibility issues and initia
complexity of Rotary controller whil
fixing ergonomics issues of T
interfaces. The mayor drawbacks are
complexity and related affordability ¢
the interface for cheaper cars and limi
adoption by the industry. While st
beneficial to Lexus the technology coy
remain exclusive to a single brand
upmarket cars.

2.5.10 Touchpad

An input device that is well known t
public from portable computers has gr
potential for future use in cars. The f
example of touchpad use in a product
car is in Audi A8 2011. Audi uses T
only for fingertip writing and mayj
navigation, but it is clear that TP c
rival touchscreen as one more interfz

offering the highest level of flexibility.

As an interesting alternative to T
touchpad is one of the subjects of
present study.
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2.5.11 Remote touchscreen

In 2010 Mercedes presented a functignal
prototype of a solution named “cam
touchpad”. In this system user interacts
with touchpad that is as big as GUI

screen while the fingers are filmed

nd

shown over the GUI image. The remote

touchscreen is promising to ful
overcome ergonomic limitations

standard touchscreens while offering
same usability and user acceptance.
present implementation is rather bul

with camera mounted in the centre sta

As of today there is no confirmation on

future applications of present concept.

well it is not known how comparable the

usability of remote touchscreen is
conventional touchscreen. Until furth
publications or implementation i
production vehicle this technolog
remains very promising, but uncertain.

2.5.12 Voice control
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Besides different methods of interaction

that

involve driver's hands a strong

alternative of voice recognition and also

voice feedback is already present in m
premium cars as well as many othe
The current voice technology level h
reached comfortable recognition ra
and rapidly develops in dialogue syste
accepting more and more natural spe
input. Speech is already a de-fa
required in-car interface for premiu
IVIS control, but it is always in additio
to other interfaces. It is unlikely th
voice control could replace tactile-visu
interfaces despite the known advantag

2.5.13 Eye tracking pointing

Beyond the available interactic
principles, technology developmer
could potentially enable even better H
solutions. One such potentially feasil
technology could be eye tracker bas
pointing on the GUI. Such system col
potentially reduce the hand motion

pressing a couple of buttons on t
steering wheel while maintainin
flexibility —and directness  of

touchscreen GUI.
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2.5.14 Free gesture recognition | One more computer vision based HMI
solution is already close to feasible. Wijth

technology such as Microsoft XBgx
Kinect being available to consumers
already in 2010 there is a basic
technology to study gesture driven
interfaces. With very little research done
in this area it is difficult to estimate the
potential of free-air gesture interaction
principles, but with market availability of
consumer products there should be more
data available within coming years.

=

Besides Microsoft’s Kinect, other gesture
technologies are also appearing. For
example Panasonic Electric Works D-
IMager 3D sensor for gesture interfaces
(Panasonic 2010).

2.6 State of the art HMI

Considering the differences in approaches to ineleHMI implementation there
can be no single best state of the art HMI, butes$ a number of significant HMI
technologies can be summarized. As previously deBnition of state of the art
covers only the interaction principles and usegriiaice related hardware.

In 2010 the best multifunctional IVIS on the mark&ter up to 10.2inch high
mounted widescreen display with resolution closé20p HD. The main infotainment
display can have dual view functionality displayidgictures at once for the driver
and the front passenger. In addition to the mafotamment display there can be a
display for complete instrument cluster that isegrated with IVIS. The most
essential information can also be presented on lIBucdHead up display with
graphical output (for example navigation directeorows and traffic signs). For input
there can be a touch screen in combination withotencontroller, steering wheel
controls and voice recognition. Rotary remote cauld@rs can be tiltable in 4
directions, pushable (has button under the coetodind can have haptic feedback.
Rotary controller can be supported by dedicated mondrammable shortcut buttons
and a touchpad for additional flexibility and fingp writing. Steering wheel controls
consist of 4 way direction pads or scroll wheel #@ntrols either main or secondary
IVIS GUI. Current voice recognition allows for 97%ecognition of USA specific
address statement in one single sentence, insemiamavigation across different
submenus and multiple phrase variations for theesaommands. In addition there
are still redundant “conventional” controls and idated steering wheel buttons for
most common functions.
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2.6.1 The HMI next

Judging by technology development it can be expletttat industry may soon adopt
interfaces compatible with modern internet browdimgt would include touchscreen,
remote touch, touchpad or comparable input deRogary controllers are unlikely to
remain sufficient for leading IVIS interfaces besauwf limited flexibility. Head up
displays should be able to provide higher resatuéiad full colour reproduction that
would allow use of HUDs for more tasks. In addittonhighly flexible primary GUI
the need for secondary GUI should remain. Secon@ds with more limited but
simple to navigate structure could be more appatprior use while driving and can
also be displayed on the HUD. Voice recognition aoite feedback should continue
to grow in importance and may be the dominatingriate for complex alphanumeric
entry. As well fingertip writing could become theeferred tactile method for
alphanumeric entry enabling more efficient searabeld interfaces and reducing the
advantage of “talking to the car” versus silentitadnteraction. In order to satisfy
changing user preferences and enable fast growbegnet services it may be viable
to closely link nomadic devices to in-vehicle IVIShe link may be in terms of
smartphone control using car HMI or even tightéegnation of K3 party software and
services with IVIS.

Better hardware and more demanding infotainmenliGgijpns are merely the tools
and drivers of the future HMI. One more featuresloghtly better display is unlikely
to significantly improve safety or customer expece, the challenge is to utilize the
technology in a more efficient way. Therefore thesent study is one of the attempts
to improve HMI solutions with innovative use of dat available hardware. The
Method chapter introduces Remote View concept (@e& 2) that is our proposal for
a new way to utilize HUD technology in combinatwith touchscreen.
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3 Method

This chapter presents all the steps in presentystlile majority of work was
performed at SAFER Vehicle and Traffic Safety Cerst Lindholmen Science Park
with some of the work done at Volvo Car Corporatidhe main sections include:

1. Early stages- describes the work done prior to final concepection.

2. Remote View conceptspresents the main HMI concept developed dutiigy t
project.

3. Test software and use scenariesdescription of all tested concepts, HMI
functionality and software limitations.

4. Experimental setup- description of all equipment and hardware usethe
real-traffic experiment.

5. Test scenarie- real-traffic experiment scenario architecturd anmmary.

6. Test procedure— describes the procedures followed during testamgl
encountered limitations.

7. Metrics— thorough discussion of all objective metricsanted from the data.
8. Questionnaire- brief information about subjective result colien.

9. Processing of results- description of steps, procedures and limitations
followed during data processing.

3.1 Early stages

The present project started with planning, revidvpublications, and preparation of
several reviews. During pre-study a State of thereview of production HMI
hardware was prepared - 25 examples from most m@ks complete with
comparison table. Parts of that review are usedG#amtions 2.6 State of the art HMI
and 2.5 HMI technologies.

Even though Remote View idea was suggested frombdunning of this project,
during initial research the objective was set toelzplorative. Explorative research
focused on better use of HUD to improve infotainmieivi performance. Several
alternative HMI concepts were evaluated and ornerradtive to Remote View was
developed to the level of an animated prototypeal&ation table with 6 alternative
HMI concepts was used to present the strengthswaraknesses of the proposed
concepts in comparison to best known alternativeklitionally a review of HMI
components from the future perspective was writfEBme explorative phase was
finalized with a presentation of 2 most promisirapneepts which included Remote
View. Feedback from a number of HMI specialistsnird/olvo Car Corporation
indicated that both concepts are worth to invetidarther, but to manage the scale
of the project it was decided to continue work omliith Remote View concept.
Because the alternative concept received very dgeedback from experts it is
considered to be valuable intellectual propertythaf author and is subject to non-
disclosure agreement.
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Finally before the start of implementation a conpl@reliminary Remote View
specification was written. Specification containstailed definition, interaction
principle, purpose, detailed descriptions of speddatures and functions of the RV
and a table with all identified GUI use scenaribse GUI use scenario table serves a
purpose of resolving compatibility issues betwe&hrfavigation and certain features
of TS GUI design. The preliminary specification ¢csnseen in Appendix 1.

3.2 Remote View concepts

From the beginning of this study the main objectiaes to develop the Remote View
idea. In the following sub-sections the outcome REmote View prototype
development is presented. All Remote View desoi#irepresent the state of the
concept as it was prepared for the driving experminoé this study.

3.2.1 Definition and description

Remote View (RV) is an in vehicle HMI element ornétionality that enables
interaction with fully featured multifunctional grhics user interface (GUI) located
on the additional head up display. RV is meantdacontrolled from Touch Screen
(TS) or Touch Pad (TP) and therefore is most slgtédy TS GUI, but could also be
adapted to HMIs with alternative input methods. Ten feature of Remote View is
the ability to fully interact with primary infotament GUI while looking at the image
projected on the road ahead.

Figure 6 shows the main hardware setup of the ReMietv:
HUD - full colour HUD capable of presenting masut¢hscreen GUI in readable
size and resolution.
TSx — touchscreen used as the primary HMI and adsdble as an input device
for operating Remote View
TP — touchpad, one more input device used to cbptiinter on both displays.

.

Figure 6 Remote View input-output hardware confegion.
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Two different Remote View implantations were depeld and tested:

Dynamic (RvVd) — In dynamic mode HUD shows onlyatppf the complete GUI
image (Figure 7). Remote View allows seamless radiig of
RVd focus point and making selections on the toaden. The
dynamic mode potentially allows using more affoldablUD
with smaller image dimensions and fairly low resio while
securely presenting even the smallest GUI detisliégnification
level could also be user configurable.

Main menu (Ring Ring)

MP3
' Radio '
: Navigation )
' Telephone )
Settings

—C—
Figure 7 Example of the dynamic RV (RVd) view ertHbD and on the TS.

Static (RVs) — The static mode is as simple as@lichte of the touchscreen
GUI shown on the HUD (Figure 8). With an additidnaomouse
pointer it is possible to control such view fromtlbd@S and TP.
In this mode it is essential that the GUI elemeants big and
detailed enough to be readable on the HUD.

Main menu (Ring Ring)
MP3
' Radio ]

Main menu (Ring Ring)

MP3 \ Navigation
Radio O S ———
Navigation -
Telephone Settings
Settings

Telephone

" Climate )

Climate

Figure 8 Example of the static RV (RVs) view orHb® and on the TS.

In all cases Remote View is designed to work siamdbusly with any touchscreen
GUI with a possibility to choose preferred way sing the complete system at any
moment — for example driver can initiate a taskhwat glance towards TS and
continue interaction using RV image on the HUDelawhile standing at the traffic
light driver can switch to TS interaction becausilional driving safety is not
needed. As a more complex add-on to TS interfacesR\t expected to replace TS.
RV is intended for users already familiar with T interface in their car. As well the
auto-hiding RV image was developed that displaysifR&ge on the HUD only when
needed and turns off HUD when not in use. In otdggrovide maximum usability a
number of optimizations and features for RV werplamented which are covered in
Section 3.3 Test software and use scenarios.
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3.2.2 Interaction principle

Depending on input device RV can be controllededédhtly. Touchscreen always
remains unchanged and therefore works in absolosgtigning mode — pointer is
always directly under the finger surface (the sam®n all touchscreen devices). On
the other hand TP was tested in conventional weatiode — pointer changes position
proportionally to the direction of movement on fhEé surface (the same as on all
notebook computers). Theoretically it is also polesto use TP in absolute pointing
mode, but this mode was dropped at early stagedeuelopment as confusing
compared to more familiar relative mode.

Together with pointing devices there can be a nurobselection methods that work

both with RV and also with touchscreen display:ptag on TS, pressing into TS,

tapping on TP, clicking buttons next to TP, pregsirio TP or second finger tap on a
multitouch surface. Out of 6 proposed selectiomnees 5 were actually tested and
are described in detail in Section 3.4 Experimesgalip.

The actual interaction with RV resembles usage ofise pointer on a computer, but
can be more complex in RVd mode. In most simple R¥sle with TP input there are
no differences from regular TP usage on a compuier. selection user has to
tap/click on a GUI object. To drag an object witR input requires holding down
mouse button that can also be achieved by doupfartg on a movable GUI object.
To drag an object using TS user has to simply teudecause without looking at TS
user does not know where he/she is pointing, mosttions are activated on release
of a finger. The normal interaction in RV mode wit8 input follows this pattern:

1. Putting down finger in any point on the TS and obisg pointer position on
the HUD;

2. Dragging the finger over TS surface until pointer the HUD highlights the
target object;

3. Performing selection by tapping in the same sp@ressing into the screen.

Note that RV setup should also include TP therefmer can always switch to TP
input as well as use TS in conventional way as eged

Interaction with RvVd mode on the other hand inckittee dimension of panning the
focus point — controlling which part of the complésUl is visible in the HUD. In
Figure 7 an example of RVd view is shown. The ganpointer behaviour is the
same as for RVs mode, but the focus point folloviim&c rules:

1. No snapping — If the pointer is over not-interagtigackground the pointer
position is equal to the focus point position anddR/iew directly follows the
pointer.

2. Snapping mode — snapping can be used differentgst2d options are:

« If the pointer hovers over interactive GUI objetutfon), focus point
fluently snaps to the centre of the highlightedeabjFigure 7),
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« If the pointer enters specific area of the GUI, uwgoint follows the
defined rule, for example snaps to the centrelinfbocus point follows
pointers x-axis position but the y coordinate isado constant value.

Snapping mode is one of the optimizations develdpedV usability improvement.
More complete list of optimizations is describedSection 3.3 Test software and use
scenarios.

3.2.3 Purpose and tradeoffs

The main question behind Remote View concept deveémt was: “How can we
improve the safety of infotainment interface coesildg that we already have TS in a
car?” With TS as a prerequisite RV is meant to iheffordable optional feature that
could enable safer usage of infotainment systemlewdiiving. The complete RV
concept had to stand up to many HMI developmeniteriges:

Safety — the primary objective of RV concept wasd@monstrate potential for
significant safety improvement compared to usual W8hout significantly
changing the actual TS GUI and without interfenvigh normal TS operation.

Acceptance — TS is renowned for its accessibilitgl aase of use therefore Remote
View must offer user experience that would motivag®ple to use RV instead of
existing TS while driving. Such acceptance canrbenfsafety feeling, additional
comfort, higher efficiency or other possible adem® over TS.

Flexibility — RV must be as flexible as the best in&rfaces. No simplifications or
limitations to TS GUI could be accepted. Unlike tmescondary GUIs with simple
menu structure used in cars, RV aims to providefedtures of the primary TS
interface in a more safe way.

Technology — RV is an example of an innovative okéatest hardware. RV in its
current form is not possible without full colour IBland a capacitive touchscreen.

Hybrid interface — RV is also an experiment intobhg interface development.
System with several display and input device ogishould satisfy wider range of
user requirements and offer a better overall usqremence compared to a
compromise based only on the “best” interface.

As with any HMI solutions RV has several tradeoffsnherits all drawbacks of high

visual demand from TS GUI. Because of more compMaraction it was expected

that the task completion time will be longer than TS. The same added complexity
was accepted because of intention that RV will oobmpliment standard TS

interface and is intended for users with sufficierperience in the TS GUI of their

vehicle.

Even though the RV idea is promising great benetitere were also potential
negative effects that had to be investigated. Sooneerns were raised about too high
complexity of the RvVd mode. Effects of HUD use atgo not fully understood — the
possible problems of cognitive tunnelling and egfoecusing could not be ruled out
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(Engstrom & Mardh 2007, p.30). Another potentiablgem was the issue of an
additional tracking task — mouse pointing that daaterfere with the primary task of
maintaining lane position. Nevertheless RV idetechnically feasible, future proof
and potentially safer than TS. In order to draw aaogclusions it was necessary to
perform usability testing and collect driving perfance data.

3.3 Test software and use scenarios

The mayor part of the project was the developméra functional study prototype.
During a period of approximately 1 month both Resnbiew modes were coded
using Macromedia Director MX. In order to acceleratevelopment and ensure
compatibility with existing simulator platform itas decided to base Remote View
experiment software of the HMI code developed bylvdoTechnology for
Lindholmen Science Park driving simulator.

The software development included both Remote Mimplementation and further

development of existing TS GUI. The final GUI haswnvisual design, many

additions and adaptations for RV testing and 2o0dut tasks were made from scratch.
Because of significant changes only destinatiomyeabhd phone dialling tasks are
comparable to older HMI software used in previduslies (Rydstrém 2009, p.6).

An important addition to the test GUI is the suppfar selection by pressing a
physical button under touchscreen surface. It algerforming selection without
taking off finger from the touchscreen. User caagdthe finger on the surface to
navigate and directly press into the screen toigegc select targeted point. This
selection method is very important for Remote Viemability and had to be
supported.

The test software used in driving experiment corstai use scenarios and 6 types of
GUI screens. Table 1 shows all 6 variants of GUkars for touchscreen and an
example of RvVd mode image. In RVs mode HUD displ#ys same image as
touchscreen only in smaller overall size and witbund “spotlight” pointer.

Table 1 Use cases and subtasks of the Remote &5e@ |
Subtask — use case Touchscreen GUI RVd image
MP3 list — scrollable list. ~ ABBA (Ring Ring)

Un and on and on

One of us

48 entries long list which can hg

panned with a finger (“flipped”) ove reoplencediore o
text or dragged by the handle on t o

right side. In RVd mode uses snapp
to line to help navigating the GUI.

Rock me

S.08.
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Sound Settings — continuou$ EERSEILCEEENCCRCLY)
adjustments.

Draggable sliders with snapping
marked positions. In RVd mode us

snhapping to line as in MP3 list case.

Destination entry — alphanumeric Enter city (Dallas city)
entry via on-screen keyboard. pac: L

-

Typing 6 characters long word usi
ABC keyboard. In RVd mode featur PR WO
static text input field and letter previeViESE RIS
before selection.

Al(B|(c|D|E|Fl|G| H]|

Phone dialling — alphanumeric entry Dial number (171819)

via on-screen number pad. 19 Call

Typing 6 characters long number usi -

numpad. In RVd mode features sa
enhancements as destination er
screen.

23
56

D
0

Simple menu Main menu (Ring Ring) n menu (Ringnl'\i
MP3

All tasks included navigation over |2 Radio o MP3

levels of simple menus. Simple me Navigation

consists of 6 big static buttons Telephone
Settings

Climate

Start/error screen

Simple screen that introduces each tj SIS ENE

and appears every time user make
wrong selection in a subtask. User |
to select “OK” to continue.

In the results and discussion chapters only the foain sub-tasks are used for
analysis. The four sub-tasks include only the datnmue screens without the Simple
menu part of each task. The Simple menu is notyaedlprimarily because of very
brief interaction times that are too short for retomnetric analysis.

3.3.1 Iterative Remote View development
Compared to the initial specification the final R¥st software has many mayor

additions. The reason for substantial changes ha<dntinuous testing and search
for usability improvements that would be difficuid accomplish without direct
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involvement into the software development procddsst notably in the initial

specification it was assumed that there is no rfieednouse pointer. Relative input
from touchpad was considered unnecessary and R\d& mvas not specified at all.
Other improvements added during development weee Remote View position
indicator, many changes and adjustments to objaghliphting and some

improvements to the test program, for example teplay of current task objective in
a header of all GUI screens that significantly sl cognitive load of memorizing
each objective.

Following the initial concept the software was aptied for the dynamic RV mode in
combination with TS input (RVd1). This combinatieras most extensively tested
and all other modes were derived from RVd1. An eplenof a feature added during
initial testing was RV position indicator — smathghical indicator of current view in
relation to the full GUI that is located in the @ppright corner of the RvVd image
(Table 1).

During the Remote View development it was assurhedl TS is the primary input
device, but Touchpad support was added as wefadninitial test protocol did not
include touchpad input in a full scale assessm@omsequently interfaces were not at
all optimized for TP input. There are no TP specddditions to the interface that
make certain GUI parts unintuitive and inefficieRbr example MP3 list panning
using TP is very cumbersome. There was no “mous€ dwovering highlight, which

is useful for TP input. The test program was onlgden to be compatible with TP
input, but there are many significant optimizatidhst could be implemented in
future touchpad studies.

In total 6 test interfaces were prepared for comspar testing which are a
combination of 3 variants of GUI display and 2 ihdavices (Table 2):

e TS1 & TS2 — Reference regular touchscreen intemac{iTS1) and also
touchpad input with image on TS (TS2). HUD is nesed. TS selection by
tapping (conventional TS interaction) and pressmgFouchpad selection by
tapping, pressing-in or using any of the surrougdiattons (selection methods
are the same for all 6 interfaces).

* RVsl & RVs2 — Remote View concept with Static HUDaige. The HUD is
always ON and displays full redundant image from Ty addition is a
round “spotlight” pointer. In RVsl case only TSakowed and in RVs2 case
only TP is allowed for input.

* RVd1l & RVd2 — Remote View concept with Dynamic Huidage. The HUD
is always ON, shows round “spotlight” pointer bu¥ Rnage is a zoomed-in
portion of the complete TS GUI (see Figure 7 orl&abfor examples). RVd
image is panned by dragging finger on TS surfaa ianaddition snaps to
relevant on-screen objects. HUD also features iposihdicator in the upper
right corner to facilitate navigation. In RVsl casdy TS is used and in RVs2
case only TP is used for input.
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Table 2

Main differences between tested concepts

Interface | Input Output GUI view type

TS1 Touchscreen Touchscreen full

TS2 Touchpad Touchscreen full

RVsl Touchscreen Head-up display full (static)

RVs2 Touchpad Head-up display full (static)

Rvdi Touchscreen Head-up display zoomed-in (dynamic)
Rvd2 Touchpad Head-up display zoomed-in (dynarpic)

3.4 Experimental setup

Initial plan was to perform all experiments in tiréving simulator at the Lindholmen
Science Park, but because of organizational chaagether test platform was used.
The experiment was performed in an instrumentedwtale driving in live traffic.
The complete list of used hardware follows (Figtye

* Test-bed 2010 model year Volvo XC70 test vehicle with an&dic gearbox
equipped with EuroFOT (ERTICO — ITS Europe 2009npatible logging
system. The equipment includes:

(0]
0]

CAN bus logger for recording of all onboard signals

4 video cameras (road view ahead, back view, padal and interior

view capturing driver's movement from interior nairmposition).

Forward collision warning and adaptive cruise cointvith radar and
vision system (ACC was not used during experiments)

Lane departure warning system with lane trackingera.

GPS position data.

SmartEye eye tracking system.
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HUD substitute

(LCD display image
reflected in a mirror)

Clickable touchscreen

(with sun visor and
hand support)

Figure 9 Remote View experimental setup with HUB aind TP.

// iy Clickable touchpad
4 "/ rd ‘

* HMI platform : laptop with Windows XP running Remote View testtware
and HMI data logging using “WireShark 1.2.8” (opurce network protocol
analyzer).

* Clickable touchpad (TP} Cirque Easy Cat USB touchpad (Figure 10).
Custom *“clickability” by placing 4 buttons undertied P that are connected
to mouse button. Touchpad is capacitive, withoultibuch support, and both
hardware buttons were configured as left mousebutt
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Sensitive surface

Buttons next to TP

4 buttons underneat ‘*

Figure 10  Modified touchpad with added physicaltbos underneath.

* Clickable touchscreen (TS) 7" capacitive widescreen touchscreen from
development kit 88-F-PMC-70-MDL-01 by Touch Intetinaal (VGA d-sub,
1024x768, without multitouch support). Custom “khbility” by placing 5
buttons underneath the screen that are connectaighbo mouse button.
Custom flexible screen fixture with palm-rest, suntection hood and screen
border frame. Screen mounted on adjustable fixttame about 19° down
from horizon (Figure 11).

Sun visor

External frame

Display with inner
frame

5 buttons behind th S
touchscreen display

Hand support

Figure 11  Custom touchscreen installation for Remdew experiment.

* HUD substitute: Custom cardboard mirror holder over 7" widescreemitor
(VGA d-sub, 1024x768). Capable of displaying 640x4@irrored image.
Assembly is placed on top of dashboard as far assilple under the
windscreen (Figure 12). HUD position obscured pérthe center road view,
but it was observed that there was enough vigtbibt comfortable driving
due to relatively small size of display.
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Figure 12 Head up display substitute for Remote wiexperiment (also

rectangular enclosure of the eye tracker can bensee front of
instrument cluster).

Additional hardware: USB-VGA adapter, Apple Airpdixpress wireless
router, USB hub, additional USB mouse, 220V DC-AD\ertor.

The complete test setup was made to be installedduamstalled from a vehicle
within few hours. As the setup had to be removabid the study had a strictly
limited budget, there were several limitations:

38

The touchscreen was positioned closer to the driban it would be
positioned if the screen would be built into a desrd. As well screen was
installed in rather high position (19° from horiz@s it is assumed that display
height is a significant performance factor (see®[@splay location).

It was not possible to use actual projected HUDIdis For simulating colour
HUD a simple custom construction with an LCD screem a mirror was
used. This setup is similar to some HUD setups usesimulator studies
(Normark 2009, p.76). Image quality was more thaeqgaate with good
readability in bright sunlight. But despite goodsmlay position and image
quality the present setup does not project ima@en2eters away from the
driver therefore it is more difficult to refocusrthg driving and it might have
negative impact on perception of the road enviramn@®mpared to actual
projected HUD.

Touchpad position was limited to the available spatc the console and
therefore it was positioned in un-ergonomic positimo far behind gear
selector. Most drivers had to adopt awkward armtjoosto efficiently use the
TP. Better TP position could improve physical corh@id prolonged use.

Simultaneously with Remote View testing the pressenidy also could
evaluate alternative input devices. The test stdajures 5 different selection
methods:

Tapping on TS — the conventional selection method@$ devices.
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* Pressing into TS — physical displacement and butttiok” feedback from
custom made TS assembly gave a new dimension tinfE&action. This
method was specifically implemented for RV modas, ibis also interesting
as a potential improvement to regular TS.

 Tapping on TP — all modern touchpad pointing desisapport tapping for
selection and double-tapping for dragging. Thishodtrequires the capacitive
touchpad surface and therefore is the primary inpethod for TP.

* Clicking buttons next to TP — even though TP suggptapping, most TPs
come with physical mouse buttons. The experimeseonied the importance
of physical buttons while driving. When interacticgquires dragging a GUI
object, additional buttons are simpler than douapgping alternative.
Furthermore physical buttons may be preferabldherouse cases too.

* Pressing into TP — consistently with clickable tesareen, touchpad was also
equipped with buttons that allow physical displaeatmand button feedback
under the whole TP surface.

During training drivers had at their disposal 4 oti6 test interfaces with 2 display
devices, 2 pointing devices and 5 selection mettaa@dlable simultaneously. Such
hybrid setup gives the freedom of finding the mastable combination and permits
switching between devices depending on task ofidraftuation. As a result it was
expected that participants will have enough expegeand possibility to compare
each element to provide clear judgement.

3.5 Test scenario

The test scenario was initially defined for simethtenvironment, but as an
experiment was performed in an instrumented cdiventraffic the current scenario
description reflects the actual conditions expe®ehduring testing.

The studied population were 22 drivers who repreaemix of experienced drivers
from various age and gender groups. It was defthatlparticipants should represent
both population that often uses modern touchsadegites and also people who have
little to no touchscreen use experience. There werprofessional drivers; otherwise
it is assumed that if person willingly agrees tketgart in experiment, their driving
experience is sufficient. Because of budget linoteg and confidentiality issues the
participants were selected among Volvo Car Corpmragmployees. This means that
population was limited to persons with higher ediota technical profession and it
was very difficult to reach gender balance target.

The real-traffic driving was performed on a highwaiyh up to 110km/h speed limit.
Drivers were instructed to maintain their lane dnsle forward along with the traffic.
There were no additional requirements or interfeeeapart from secondary HMI
testing.

Scenario architecture is summarized in Table 3 qudwrmatting provided by
HUMANIST project (Veste et al. 2007, p.20).
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Table 3 Scenario architecture (based on HUMANISThouology)

Global Objective of
investigation

Evaluation of 4 versions of Remote View infotainrn¢

HMI in comparison with touchscreen

Specific objective

Collecting measured data andjestive feedback

about safety and usability aspects of tested imted.

Driver’'s characteristics

Studied population

Gender:2 female and 20 male participants
(initial target — 50% female, 50% male)

Background:All professionally working in automotiv|
industry R&D, some working specifically with HMI.

Age:26 ... 47 years, median age — 38.

Driving experienceCriteria set to be “if the person
willing to take part in driving experiment, he/simeist
be experienced enough”. No professional drivers.

Touchscreen experienc&0% use smartphone (iQ
based, Android based or comparable device), 509
not use modern TS devices regularly.

S

S
o do

System characteristics

Type of system

Multifunctional IVIS (navigation, diia, phone, etc.).

Fully operational development prototype with ortig
necessary functionality and minimalistic GUI desigH

Additional details are covered in Section 3.3 Tlest

software and use scenarios.

Man Machine interaction

1Reference touchscreen interaction (TS1).
2) TS with touchpad input (TS2).

3) Four variants of Remote View prototypes. §
details in Sections 3.3 Test software and
scenarios and 3.2.2 Interaction principle.

bee
use

Interaction mode

Input: haptic (touchscreen, toachand supportin
selection buttons)

Output: visual only (TS or HUD)

Q2

Driving Situation characteristics

Road context

Highway with separating barrier andé&ties in eacll\
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direction. Speed limit up to 110km/h.

Infrastructure

Some moderate bends and inclinativenges along

the road.

Local driving goal

Driving forward at a comfortabp@ace or behind the

vehicle up front without changing lanes.

Traffic Very dependent on time. Moderate to ligtdffic in
most cases, with heavy traffic on some occas
(down to 20km/h and continuously changing speed).
Weather Good visibility summer time, dry conditions
Lighting Daylight, direct sunlight or overcast.

External events

Mostly minor disturbances suchnavidual slower
moving vehicles or heavy traffic.

3.6 Test procedure

ons

For the purpose of organizing the experiment ars¢pdrocedure script was written
prior to experiment. In addition to step by steptiactions for test procedure the
document also contains descriptions of experimeptspose, expected results,
method, collected data and the forms used for ciotlg notes and subjective
feedback. The complete procedure script with maodlfons introduced after the
initial test runs is included in Appendix 2.

The experiments were performed during 6 days lampd. Out of 24 planned tests
22 were conducted. All participants signed a confem before driving. The consent
form is available in Appendix 3. Some tests werstast as 1.5 hours but majority of
tests were done precisely in 2 hours (Figure 13):

* 30-40 min — introduction, first try and stationargining;

* 20 min — driving training on the way to highway (ush hours up to 30 min);

* 20-30 min — interface tests (in exceptional cage®ul5 min);

* Remaining time — road back to parking, interviewl ,ahenough time was left,
filling in the questionnaire while stationary.
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30 — 40 min 20 min 20 — 30 min ~ 30 min

* Introduction, Drivin : * Road back,
« First try, trainin% Testing | interview, =3
* Stationary training * Questionnaire

Oh 1h 2h

Figure 13  Actual experimental session timeline.

In order to fit complete experimental session imdlrs it was necessary to limit
randomization between interfaces. As practicaktelbwed that 3 interfaces with TS
input usually take longer time than TP input inkeds, it was decided to always
perform 3 TS input interface tests on the way afay start/finish and consequently
perform 3 TP input tests on the way back. If fathdomization was to be used on the
chosen test route there would be an uncertainthovt far to drive away from
start/finish to manage all tests on the way badkreethe last exit from the highway.
If longer test sessions would be possible, thetmpidor example could be to perform
all 6 interface tests in randomized order whilevitigg away and then repeat all 6 tests
on the way back. In existing conditions decisiorsvmade in favour of testing all
interfaces in 2 hour session limit against moreusdtand scientifically correct fully
randomized protocol. This mayor issue is furthescdssed in relation to results in
Section 4.1.

3.7 Metrics

For objective interface evaluation a number of metwere analysed. The choice of
metrics was based on literature review, but thal fset was determined after analysis
of actual collected data. Not all planned metriesenactually used because of various
iIssues with data collection, confounding factord data quality limitations.

Driving in live traffic makes it challenging to dett reliable data. The logged data
includes artefacts from various traffic conditiongriations in road environment,

sensor limitations and unexpected driver behavi@ome of these confounding

factors can be identified and accounted for, bunamny cases it is not possible and
therefore metrics may contain considerable amoofmi®ise. Common considerations
caused by live traffic environment were:

* As the vehicle speed is directly affected by taaffione of the longitudinal
control metrics are considered usable for driviegfgrmance analysis.

e Longitudinal control metrics were usable only affata clean-up routines.
» Ethical considerations and accident risk limits toenplexity of test setup. In
order to limit stress it was decided not to incliisual Detection Task (VDT)

that was planned for mental workload measurementvéll participants often
chose not to test most difficult interfaces becafssafety concerns.
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The metrics analyzed for Remote View study shoutvipe the necessary amount of
results to draw conclusions on the main hypothdseaddition to metrics analyzed
for Remote View study, more metrics could be detifrem the logged data. Because
of time constraints within a context of a Mastetfesis only the most indicative
available metrics were used. Most metrics are dgedafety assessment, but mean
vehicle speed and standard deviation of speed preygared for confounding factor
analysis against other metrics. The metrics arexsanzed in Table 4.

Table 4 Objective metrics used for Remote View\safealysis

3.7.1 Task completion time (TCT)

Description &
meaning:

Time between start and end of every sub-task. Loi@ has

negative safety influence because of longer exgosuincreaseg

risk while dealing with secondary tasks. Providasi® usability
and efficiency rating.

Notably it is also possible that an interface can dbow, but
providing significantly better comfort and vehiaentrol. Study
from (Sasanouchi et al. 2005, p.8) and also refuwlts (Horrey et
al. 2003, pp.1882, 1883) suggest that even if TEIhguHUD is
longer, standard lane deviation is still smalleerefore TCT ca
not be directly related to safety. TCT from safegéyspective mu
be interpreted in combination with other safetgvaht metrics.

Overall it was expected that Remote View concefittake more
time to interact with than TS because RV can besdiad as 4
remote controlled interface and studies show th&tig often
significantly faster (Rydstrom 2009).

Possible
confounding
factors:

The results were indirectly affected by traffic ddions and
personal approach to task completion of everypgeston. Som
people were trying to finish task as quickly as qilole while
some even made breaks while performing a single tas

Type of metric:

Continuous value (within 1...200 spdnding on sub-task)

Task impact:

Not all subtasks were equally optimifaa each interface:

* It was not optimal to select tracks in MP3 listRVs1 and
RVd1l modes because users could not use “pressioghie

screen” for selection. Instead only basic tappingle screen

was possible.

 The menu part of the Sound settings task was sintpbn
other menu subtasks because of very favourableorb
positions — it required only minimal pointer moverhdo
complete the subtask.

» The first 4 participants did not have clickable g&sibility in
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RVs1, RVdl and TS1 modes because of hardware issueq

Data quality:

» All the data was recorded by HMI computer and hpsta
60Hz data sampling precision.

Requirements:

A check for outliers is needed tatldata variation.

3.7.2 Standard deviation of lane position (SDLP)

Description &
meaning:

An indicator of a lane keeping performance. Big§BLP sugges
increased risk of lane departures and increasadlvigorkload.
Under heavy cognitive workload SDLP can also desw
compared to baseline driving.

1 n
SDLP=,|— L —X)?
J n_lé(x )
x — distance to the edge of the left lane

X — mean distance to the edge of the left lane
n — number of data points

SDLP metric is very sensitive to data sample domatlfo addres
TCT differences a variant of SDLP called ModifieBL$ can bg
used. MSDLP is proposed by AIDE project and inctutikering
of data with high pass filter that ensures religbl2 value after a
little as 10 seconds of interval duration (Ostlanél. 2005).

From available studies it is difficult to predidtet results of the

RV test interfaces. Previously Horrey (Horrey et aD03,
pp.1882, 1883) found no difference in absolute ldegiation
when comparing HUD to TS tasks. Paper by Sasang
(Sasanouchi et al. 2005, p.8) shows that for nasktst HUD with
steering wheel buttons is safer than conventiooatrols.

p—

vJ

vJ

174

uchi

Possible
confounding
factors:

* In some cases if the vehicle in front of the testwas driving
very poorly it could have affected SDLP. Driveradeo usg
leading vehicle as a reference, therefore lane tipns
variation of the leading vehicle can impact SDLRnoe

» Steering wheel grip might affect the lateral cohtod the
vehicle. If participants altered grip between ifdees it might
have an impact on the results.

* Lane position could be affected by traffic and rgadmetry.

* There were cases of overtaking and manoeuvringnguiri

testing that invalidate the lane position data beeadriver iS

intentionally deviating from the lane centre. Tac@mt for
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lane changes all data during detected lane changetseis
omitted.

Type of metric:

Continuous value (within O ... 0.5ters).

Task impact:

The longer task completion times atspact the SDLP metrid.
At least within first 60 seconds SDLP is directlffeated by
interval duration. Such effect can be misleading aompletely]
outweigh the driving performance differences. MSDhetric is
also provided in order to avoid this limitation.

Data quality:

* Part of the data is missing because of insufficiieatking
guality from the lane tracking camera.

» Data with detected lane changes is omitted fronhyaisa

Requirements:

» At least 90% of data points must be valid.

* The minimum acceptable duration of analyzed intefoa
MSDLP metric is 10 seconds (using 0.1Hz filtering).

3.7.3 Lane departure frequency

Description &
meaning:

Relative amount of registered cases of unintentidnging over
the lane marking. Every lane departure is a roagte Itracking
mistake that could potentially lead to an accidéstthe numbe
of performed tests for interfaces is not equal, dloual metrig
used is the ratio of departures per interface test.

From published data (Sasanouchi et al. 2005, pi8)known that
number and severity of exceedences was lower whig tHUD
compared to conventional controls.

Possible
confounding
factors:

* It is possible that the total number of lane depag is
proportional to total TCT. In such case faster riaiges are
also less likely to record as many lane departuas$
comparable interface with longer task completiomets.

-4

* In some cases drivers detected lane departure lnydsand
vibration from the rumble strips on the right edgke the
highway. These near-departures and other undetdaten
departures are not counted.

iv

* The presence of LDW system could have affecteded
judgment of safety risk leading driver to rely oamings for
lateral tracking assistance (Ostlund et al. 20083)p If such
adaptation takes place, lane departure eventseardied a
anticipated driving support message instead oicatifailure
of tracking task.

U7

» There are very few recorded lane departure evemtsdme
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interfaces making the data very sensitive to irchia
recorded events.

Type of metric:

Integer (within O ... 30 occurrenges interface)

Task impact:

None — lane departures were counteal édomplete interface tegt

Data quality:

» Detection threshold defined by existing LDW system.

» Data covers only the lane departures detected &\LDW
system, therefore it required reliable data frone tlane
tracking camera.

Requirements:

* All lane departures must be manually confirmed tevent
accounting for lane changes and special casepeliad caseg
people had several lane departures in a row or laad
departures while being distracted from the secondask
because of a random event. Such cases have btilgection
to tested interfaces and therefore could be corsidas
unreliable.

-4

3.7.4 Steering wheel reversal rate (SRR)

Description &
meaning:

The number of steering wheel adjustments per mirepending
on cut off frequency and minimal angular thresh8RR can be
tuned to be indicative of overall HMI impact (visl@ad) or more
specifically cognitive workload (Gustav Markkula Engstrém
2006, p.10). Both variants are used:

* Visual SRR fp =0.6 Hz and 2 deg gap size.
» Cognitive SRR #p =2.0 Hz and 0.1 deg gap size.

In case of visual SRR another gap size of 3 degwneses alsg
calculated, but after comparison of results it wlasided that 2
degree gap is more suitable for data from the ptesady.

Increased SRR values indicate greater effort iningppwith
corresponding visual or cognitive workload (Ostlugtdal. 2005
p.128; Gustav Markkula & Engstrom 2006, p.4). Ashwmnost
known metrics there is no known exact relation leetwSRR angl
driving safety (E. Johansson et al. 2004, p.19luddtet al. 2005
p.72), nevertheless method is used and regardexsrestive to
driver workload.

It is expected that RV concepts will show advantager TS
interface in terms of SRR on the basis of resutimfLiu (Liu &
Wen 2004, p.691). Liu showed that Steering whegleawariation
(deg) and Lateral acceleration variation (ft/s2)ravevorse for
head-down display (HDD) compared to HUD.

46
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Possible
confounding
factors:

» Steering wheel related metrics are influenced bgtnod the
surrounding factors such as traffic, speed, landthwiroad
curvature, driving strategy, etc. (Ostlund et 802, p.47)

» Some drivers used very aggressive corrective sig
between glances to the TS. On the other hand wdwknlg at
the HUD the driving was much more fluent and conaole.
Such differences that could indicate stress ancbdifort are
not visible on SRR data. Uneven steering correstiomre
previously observed and demonstrated using timeess
analysis (Ostlund et al. 2005, p.54), but the deden live
traffic environment is often too noisy for analysis

er

Type of metric:

Continuous value with range depemhden chosen parametdrs

[1/minute]
Task impact: None
Data quality: » Data is sampled with 10Hz frequency and better thadeg

resolution.

» Data with detected lane changes is omitted fronhyaisa

Requirements:

At least 90% of data points mustdbiel v

3.7.5 Meanyv

ehicle speed

Description &

Average driving speed during sub-task. This magiased only

meaning: for testing of confounding effects against othertrios. It is
expected that there is no statistically significampact of driving
speed on test results.

Possible In live traffic speed is mostly dependant on t@affonditions ang

confounding therefore longitudinal control parameters can reoabalyzed as

factors: driving performance indicator.

Type of metric:

Continuous value within 10-120 km/h

Task impact: Previous studies show that secondesly tan cause drivers
slow down to compensate for increased workloadl@odtet al.
2006, p.75).

Data quality: Data with detected lane changes igtedhfrom analysis becaus

during lane changes speed is often increased fertaking or|
passing by slower vehicle.

be

Requirements:

At least 90% of data points mustdbiel v
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3.7.6 Standard deviation of vehicle speed (SD-speed)

Description & Metric of variation of speed during sub-task. Besmauof
meaning: additional complexity of driving with rapidly chaimg speed
while performing secondary task, high SD-speed c&dahd to
decreased driving performance. The metric is spady
introduced in order to quantify speed control camfy
introduced by traffic conditions.

Possible In live traffic speed is mostly dependant on taffonditions ang
confounding therefore longitudinal control parameters can reoaibalyzed as p
factors: driving performance indicator.

Type of metric: Continuous value within 0-10 km/h

Task impact: none
Data quality: Data with detected lane changes igtedhfrom analysis.
Requirements: At least 90% of data points mustdbiel v

3.8 Questionnaire

In order to collect subjective responses from testticipants a four page
guestionnaire and a few interview questions wespaed. Both forms are included
in the end of Appendix 2.

Most questions were prepared specifically for gperiment and are related to user
preferences or background information. During #st session experiment leader also
collected notes and comments expressed by testrpe®llected questionnaire data
can be analyzed quantitatively while notes give enmrsonal insight into individual
impressions.

To collect sufficient usability and acceptance daitavas decided to use proven
methodologies recommended by the Humanist projesissen 2007, p.16). To score
usability participants filled in System Usabilitg&@e (SUS) (Brooke 1996) as a part
of the final questionnaire. For rating of user gtaace another tested methodology
was adopted - Van der Laan acceptance scale (Vahdaa et al. 1997).

3.9 Processing of results

As a result of using new test-bed the processingesiilts for RV study required
considerable effort for pre-processing and resxtitaetion. Processing of results was
done using MatLab R2010a, MS Excel, PASW StatistBsand EuroFOT (ERTICO
— ITS Europe 2009) log viewer — FOTware 3.0.

The pre-processing consisted of:
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* Decoding of WireShark log data and preparing tiseg data for
synchronizing between HMI logs and EuroFOT logs.

* Importing HMI subtasks as defined events into E@Q®Hog structure.
* Manual synchronization check of HMI and FOT timimgvideo.

e Adding custom time offsets between HMI and FOT logs improve
synchronization (estimated precision of achievedchyonization is +/- 1
second).

Major part of data processing involved ensuringhlilghest quality of analyzed data.
Data processing included addressing the corrupata, delection of baseline, cross
checking for confounding factors and maintainindeast 90% of valid data for every
sub-task’s metric. Finally, correlation and statat analyses were used to identify
significant results.

3.9.1 Minimal data validity threshold

Performing testing in live traffic environment alstdor certain introduces data losses
for reasons of sensor performance or unexpectedi®wiring testing. A common
iIssue is an occasional loss of lane position dat td unreliable lane marking or
weather conditions. In case of EuroFOT data alklizble lane position data was
excluded from analysis judging by lane trackingliguaignal value. An example of
unexpected event can be the participant startisgudsion about the present task in
the middle of the interface test or change of lanerder to avoid traffic merging into
the highway.

When corrupt data intervals can be identified they excluded from analysis. For
purposes of limiting uncertainty due to lost datanmimum threshold of 90% of
original interval length is adopted. The threshdigck prevents processing of metrics
for individual sub-tasks that contain less than 96ftsable data and counts the
complete interval as lost data.

3.9.2 Lane change noise quality control

For most drivers lane changes are natural partghiway driving that are performed

nearly on skill level without thorough decision-mak Even though participants

were instructed not to change lanes during interfeests there was a significant
amount of recorded lane changes. If lane changesa@rexcluded from analysis of

lane position dependant metrics they introduce veugh mistakes in calculations. It

was calculated that baseline data including larengbs produced more than 50%
higher mean MSDLP result than during TS1 interfélcerefore the metric was

misleading. This section describes how lane chamges treated during data clean-
up in present study.
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Because the test vehicle is equipped with LDW sydteere were next to no cases of
lane changes without using turn indicators. Theeetarn indicator usage is a very
reliable identifier of a lane change in this stubligure 14 present an actual extreme
example where within analyzed time interval driveade 2 lane changes. Figure 14
“a” shows the original signal, “b” shows which datas deleted by lane change
clean-up algorithm and “c” shows the final datacdus® calculate SDLP and MSDLP
metrics. Initially it was implemented that algoriilremoves only the data during turn
indicator activity (left side of Figure 14). It dearly seen that for this case deleting
time intervals with active turn indicators did n@move enough lane change noise
from the signal (MSDLP = 0.39 m). According to (€db & Zohar 2007, p.74) lane
changes on average take about 4.6 seconds angaimple data in Figure 14 suggest
that lane change at 80 km/h extends to slightlyemthlan 5 seconds. Improved
algorithm deletes additional 5 seconds of data aftétching off turn indicators (right
side of Figure 14). For this example second mettmadd almost completely erase
lane change noise from the data (MSDLP = 0.11 m).

An important conclusion following the ~5 secondddane change duration and 90%
data quality threshold is that any studied intestabrter than 50 seconds will very
likely be excluded from analysis all together bessaof insufficient data. In present
study majority of tasks are less than 50 secondg leaving small room for errors
introduced by rough lane change clean-up algorith®.a result all data from
interface tests is cleaned up using the logic ofrftindicator activity time + 5 sec”.
Even though “turn indicator activity time + 5 sers’ used in present study it is
important to understand the limitations of this raaeh.

The possible issues from “turn indicator activityeé + 5 sec” algorithm are:
* Not deleting enough noise in case of very long lemenge;
* Deleting excess amounts of usable data in casergfshort lane change;
» Ignoring the beginning of lane change if the turdicators are turned on late;

« Counting interrupted lane changes when driver tomshe indicator but then
changes his/her mind and stays in initial lane.

* Not counting lane changes made without using tadicators.

The present solution uses only indirect informationlane change event and a fixed
time interval. If the listed issues are too sigrdfit to be ignored a more complex
algorithm for lane change duration estimation isdel. For example more advanced
algorithm could use the lane position data or Mehidgnamics data to precisely sense
beginning and end of the manoeuvre.

As well simple deletion of invalid data is also iasue. For better data treatment the
filtering code could be developed to:

» Compensate for spikes in data continuity (Figurecl&here deviation based
metrics would register very high change (jerk). tBefiltering code could
delete corrupted data so that joined parts me#dteasame value — make the
joins of data as smooth as possible.
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Figure 14 Lane position data example at ~ 80 krhédséline for TestPerson19):
a — Original signal;
b — Detecting and clearing lane change noise;
¢ — Resulting data after clean-up.
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* Address the change in mean speed after lane ch@nipeslane change was
meant to pass slower vehicle. If after lane charejecle travels significantly
faster than before (while overtaking or becauserdlad is free) the change of
mean speed can corrupt longitudinal control metr&ame is true if speed
becomes significantly slower (after overtaking ogrging into traffic flow).
Better filtering code could attempt to use diffdraverages after each lane
change.

Overall lane changes present a very complex proldberdata processing which can
not be fully resolved by logical filtering. If pabse test procedures should prevent
lane changes from occurring or the data that costi@ne changes should be omitted
from analysis completely.

3.9.3 Baseline definition and processing

The purpose of baseline is to provide comparisoallotsults against driving without

any specific objective. Often baseline is recordddle participant is consciously

driving to the best of his/her abilities for a sified time. Such baseline shows how
good a driver can possibly drive the vehicle withany additional load but may not
be indicative of how person drives in normal cowodi$. In this study baseline

measurements were approached with a goal to capaiwgal driving performance,

instead of the best possible performance.

The baseline used in the present study is defised data sample that excludes all
lane changes and poor lane tracking and afterledineup is precisely 50 seconds
long. The road interval is defined by a known GB&gltude end point. Because the
test sessions included driving to and from the ntasting highway there was a
possibility to analyze any part of the approximat2D min long way back after
interface testing as a baseline. The chosen raadval is fairly straight and simple
highway road with speed limit 80 km/h, 2 lanes acle direction with separating
barrier and rather light traffic. The drawback absen road interval is that the speed
limit is lower than on the main highway and lanes slightly narrower. The drivers
were not informed about any baseline measuremetsvare driving freely straight
ahead. In most cases during baseline drivers wegaged in conversation with test
leader that could be comparable to casual convensaith passengers.

The natural baseline is interesting as an indicat@r comfortable, acceptable level of
driving performance. If secondary task performaisagot significantly different from
such baseline it could be interpreted as drivabie to compensate for additional load
from HMI. If driving performance is significantly evse than natural baseline level it
is likely that drivers will find such HMI inapprojate for use while driving.

3.9.4 Data loss estimates

Data loss estimates prior to data assessment groaidperspective on result

uncertainty. Data loss is estimated based on anufadttually usable data samples —
unique values for specific test person and spemifitric in comparison to theoretical

maximum. Common reasons for data loss may be:
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* Tests were interrupted or incomplete — if the pgént chooses not to
perform a certain interface test while driving.

* Insufficient data quality — if more than 10% of alad unusable, complete data
interval should be skipped.

« Data not suitable for calculation of metric — sometrics may have specific
limitations. The different data requirements cawssch metric to have
individual amount of total usable data samples.

» Other reasons — data may not be used becauseldssified as an outlier,
experimental setup problems significantly impaaiedr performance or there
were rough deviations from test procedure duriregsic tests.

3.9.5 Correlation analysis

The final stage in result processing was the tgdiomn correlations between various
metrics. It can be expected that some metricsfégetad by time (for example SDLP)
and it must be confirmed that traffic and road emvmnent did not have direct effect
on driving performance. Correlation analysis waggreed on interface level with
n=6+1 and then on task level witlh=4x6+1=25. In all cases baseline was included in
calculations. If metrics are found to be correlatgth one another it can significantly
alter the possible conclusions from the affectedricge As correlation results are
critical for interpreting all metrics, they are pemted and discussed first.

3.9.6 Statistical analysis
The main methods of statistical analysis were:
» Paired two-tail t-tests for comparing differencesizeen two cases;

« Two-way repeated-measures ANOVA with pairwise congoas (with
Bonferroni adjustment for multiple comparisons) wagd for comparison of
multiple interfaces. If Mauchly's Test of Sphencihdicated that assumption
of sphericity was violated, Greenhouse-Geisserections for degrees of
freedom were used.

The statistical significance threshold was set-t@lue of .05. In the present study it
was possible to test hypotheses mostly using $-@stspecific interface pairs. Most
objective result analysis is based on t-tests. Neekess, t-tests were not sufficient
for subjective result analysis where more than 2esaneeded to be compared
simultaneously. System Usability Scale results sugjective road awareness results
were analysed using repeated-measures ANOVA.

Statistical analysis was the last stage of resulicgssing. Results of statistical
analysis are presented together with correspondetgcs in the next chapter.
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4 Results

This chapter contains all results that were fougdificant. Results are presented in 2
major sections. Objective metrics are based onddgtata from HMI software and
test car while the subjective results present pesson impressions. Readers can
observe that objective and subjective results daaiveays follow comparable trends
therefore it is important to match objective antjsative indications before drawing
any conclusions. Detailed discussion of the resuksging objective and subjective
data is the subject of the next chapter.

For reference about interface abbreviations cofi@abte 2 on page 35.

4.1 Objective metrics

In Section 3.7 most of the considered metrics weiscussed. Due to many
confounding factors and data quality issues notradtrics were used as initially
planned (see Sections 3.7; 4.1.8 and 4.1.2 fonlgletdhe main metrics that were
found to be sufficiently reliable for interpretatiare task completion time (TCT) and
two steering wheel reversal rate metrics (visuaRSRd cognitive SRR).

Due to limitations of experimental protocol, cotied data must be split in 2 blocks
(see Section 3.6 for details about test protodalerfaces in the first randomized
block (TS1, RVdl and RVsl) were always performeébtee interfaces from the
second block (TS2, Rvd2 and RVs2). Consequentlgroaffect must be expected.
Because block 2 was always performed after firgtt@&faces (unless some of them
were not tested by person) it can be expectedpiudicipants had more experience
and therefore performed better duriff§ Block than during block 1. In order to better
interpret the objective metrics readers are advisestudy subjective results and the
discussion (Chapter 5).

The presented result graphs display error barsdbasestandard deviation values.
Standard deviation is not adjusted for within sabjdesigns therefore deviations
include all individual differences between subjects

4.1.1 Dataloss

After data processing and calculation of all metriesulting data loss was assessed.
Specific data loss estimates are shown togethdr eatresponding metrics in this
chapter. Most significant reasons for data lossewer

* Not all interfaces were tested 22 times. Duringntra it was often clear that
some of the concepts are too difficult to handlelyOrsS1, TS2 and RVs2
interfaces were tested by all 22 participants. @ds@n tested RVs1 but only
13 and 14 participants completed respectively R\aid RVd2 trials.
Therefore RVd modes have roughly 40% less recodd¢a than TS and RVs
modes.
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* More than 10% of data was unusable. As long as dD8abtask data interval
was compromised by poor lane tracking or a lanenghamaneuver, the
complete 100% of data interval were excluded fromilysis.

+ Data not suitable for calculation of metric — Irseaof MSDLP metric it was

required that data intervals are more than 10 skcdong, therefore the
guickest interfaces suffer great data loss inriesric.

4.1.2 Correlation analysis results

Correlation analysis revealed several statisticaignificant results (Table 5). Four
metrics were found correlated to task completioreti

Table 5 Correlation with TCT, mean speed and SDspd#ed on task level
(including baseline, n = 25)
Correlation with Correlation with Correlation with
TCT mean speed SD-speed

TCT 1,00 0,18 - 0,90 | *p<.001
SDLP 0,78 <.001 |0,42 $<.05 |0,67 | <.00T
MSDLP 0,69 *p<.001 |0,29 - 0,60 | p<.01?
SRR 3deg 0,14 - -0,10 - 0,15 -
SRR 2deg 0,04 - -0,12 - 0,06 -
SRR 0,1deg 0,25 - 0,16 - 0,24 | -
Lane departure |0,97% |*p<o01 |0,21' |- 0,97' | *p<.01?
frequency®

* Both SDLP and MSDLP metrics were found to be sigaiftly correlated to
TCT r(25) = 0.78, p<.001 and r(25) = 0.69, p<.0Gahile it was known that
SDLP is dependent on sample interval length, catied between MSDLP
and TCT was not expected. Because of very strofhgeimce of TCT on the
two lane position metrics, both metrics are nottatle for standalone
interpretation.

» Standard deviation of speed was found to be highlgted to TCT with
r(25)=0.90, p<.001. This result can not be fullpkxned, because both TCT

! _ This measure is calculated only on interfacelleith n = 6.

2 _ These correlations are in consequence of stornglation between SD-speed and TCT.
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and change of driving speed could have affectetl etiwer. It is assumed that
there can be confounding effect and both metritsviosimilar pattern.

* Even though there are many concerns about lanertdepdrequency data
quality (see Sections 3.7.3 and 4.1.7 for detatihs) obtained data is correlated
to TCT with r(6) = 0.97, p<.01.

Correlation test confirmed that mean driving speg not a significant confounding
factor in the present study. As SD-speed is stsongtrelated to TCT there are also
correlations with SDLP, MSDLP and lane departuegfiency.

4.1.3 Task completion time

Overall results:Task completion time clearly shows substantialeddéhces among
concepts. Average TCT across all four tasks isgotesl in Figure 15 and in more
detail for every specific task in Figure 16. Frongufe 16 it can be seen that TCT
results follow similar pattern in all 4 tested task Block 1, TS1 interface clearly is
the best in terms of TCT and, even though intedaitem Block 2 might have
advantage because of order effect, TS1 is subsligrfaster than all tested interfaces.

Block 1 Block 2

90 90

80 80 1

70 4 70 4

60 60

52|69

~~
W50 - 46171 50 4
- 3993
U 40 40
I,_

30 - 30 4 28|58

20[83
20 + 1377 20 +
10 A 10 +
0+ 0
TS1 Rvd1 RVs1 TS2 Rvd2 RVs2

Figure 15  Task completion time across four subddskerface level).
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Figure 16  Task completion time by sub-task.

Dynamic — Static comparisoin relation to tested hypotheses it was found TGT
was significantly different both when comparing dgmic and static RV modes and
when comparing HUD and TS as output devices. RVa4 significantly faster than
Rvdl, t(52) = 2.86,p<.01 and RVs2 was significantly faster than RvVdavwi{b5) =
5.13,p<.001. Because both differences are bep@ x 0.05 (Bonferroni correction)
it can be summarized that RVd modes take longes toncomplete a task than RVs
modes irrespective of two tested devices.

HUD benefit comparisontt was also found that users are finishing taskih WiS2
significantly faster than using RVs287) = -5.16p<.001.

Data quality: Data quality for TCT was limited only by the numbafr performed
trials. As only one person did not test RVs1, therg.14% of data lost for TS1, TS2,
RVsl1 and RVs2 interfaces. Because RVd interface® when not tested, data loss
for RvVd1l and RVd2 reaches 38.07% compared to tksiple total.

4.1.4 Steering wheel reversal rate

Overall results:The most indicative SRR metric for IVIS evaluatisrthe visual SRR
that uses 0.6Hz cut off frequency and 2 degreestinld (see Section 3.7.4 for
details). The means of the visual and cognitive 3&3rilts vary across tasks (Figure
18 and Figure 20) suggesting that, depending dg tastain interfaces may have an
advantage other another. For the present thesimst decided to focus on overall
effects on interface levels. Across interfaces alisBRR results are fairly even in
comparison to standard deviation (Figure 17) whihere are more possible
differences in cognitive results (Figure 19). Irttbmetrics baseline driving results are
within standard deviation from driving with variossecondary tasks.
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Figure 17 Steering wheel reversal rate (0.6Hz, 2dBginterface.
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Figure 18  Steering wheel reversal rate (0.6Hz, 3dBgsub-task.
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Figure 19  Steering wheel reversal rate (2Hz, 0.)dsginterface.
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Figure 20  Steering wheel reversal rate (2Hz, 0.)dsgsub-task.

Dynamic — Static comparison:

* There is a significant difference in visual SRRuttssonly between RVd2 and
RVs2, t(53) = 2.51, p<.05, but no clear differefedween RVdl and RVsl
t(49) = 0.36, p>.05. As a result, according to &lsBRR criteria during RVs2
there were significantly fewer reversals per mirthn during RVd2 tests.

* Cognitive SRR results show clear statistical sigarice between both
dynamic and static concepts. RvVd2 differs from RWgiéh t(53) = 4.85,
p<.001 and RVd1 differs from RVs1 with t(49) = 5,93.001. Both interface
comparisons show that is terms of cognitive SRRicsfaesentation causes
fewer steering wheel reversals than during RVd rmode

HUD benefit comparison:

* In terms of visual SRR there is no difference amd®&@ and RVs2, t(81) =
1.73, p>.05. Because t-test result (p=.087) is fawt from significance
threshold of p<.05, additional ANOVA tests were fpaned. Two-way
repeated measures ANOVA on task level confirmed ti@re are no
significant effects among TS2 and RVs2 data. Méfiece of interface was not
significant, F(1,16) = 3.81, p>.05. Analysis by kissalso did not show
significant differences, F(3,48) = 2.20, p>.05.dHy there were no interaction
effects between tasks and interfaces in case ofah82RVs2, F(3,48) = 0.87,
p>.05.

« Contrary to visual metric, in terms of cognitive SRTS2 causes significantly
more reversals per minute than RVs2, t(81) = 2082)5.

Data quality: SRR data was marginally affected by lane changal 2284% of TS
and RVs data was unusable. In case of RVd intesfat®@63% from possible
maximum of data is missing. Practical data loss eaoeed quoted percentages
because of paired comparison. For t-tests on aderflevel possible maximum
number of measurements N = 88 (4 tasks performe#2btest persons). Used data
intervals include no less than 90% of initial invirlength.
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4.1.5 Standard deviation of lane position

Overall results:Unfortunately correlation check indicated that eWleough MSDLP
is less correlated to TCT than SDLP, both metrressignificantly correlated to task
completion time [§<.001).Considering possible strong influence of TG both
metrics it is not possible to draw conclusions a@tative performance among
interfaces in terms of MSDLP or SDLP.

Data quality:Depending on data processing there were diffenmoiuats of data loss.
SDLP is affected by poor lane tracking and lanengkea therefore in case of TS and
RVs 6.25% of data was unusable. MSDLP adds andtiaddi requirement on
minimal interval length therefore in total 15.63% data was ignored. Most
significantly only 4 data samples were usable 84 Phone task and 13 intervals in
case of TS1 Settings. In other cases MSDLP forAdGRVs interfaces is based on no
less than 18 data intervals per task. For RVd quscd3.75% from possible
maximum of data was not usable. Used data inteimalsde no less than 90% of
initial interval length.

4.1.6 Driving speed

Overall results:Driving speed data was extracted mainly for cotiets analysis
with another metrics. Driving speed was very depabndon traffic conditions
therefore it is not suitable as a performance etdicbut it had to be confirmed that
mean speed did not significantly affect driving fpemance (Figure 21). As it is
shown in Section 4.1.2 mean speed did not afféetranetrics. As well no significant
difference was found across conditions for mearegpe(5,35) = 1.53,p>.05. In
Figure 21 it can be seen that on average in adlrfetes as well as baseline the
difference in mean speed was within 10km/h.

Block 1 Block 2 Baseline
100 100 100
95 95 95
—~ 901 90 + 90 4
£ 85|08 85199 84173 8612
E 85 ks 85 85
< 80j20 79|93
— 80 80 + 80
o
Y 751 754 75
o
v 70 70 70
c
O 65 65 - 65 |
)
= 60 - 60 - 60
55 - 55 - 55 1
50 A 50 50 +
TS1 Rvd1 RVs1 TS2 Rvd2 RVs2 Base

Figure 21 Mean vehicle speed by interface.

In terms of standard deviation of speed, correhatiesults showed significant
interdependence with TCT (see Section 4.1.2) tbesefhe result pattern is highly
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similar to the pattern of TCT. The correlation sestg that there is a connection
between the two metrics but the exact nature aktatron could not be explained.

Data quality: Vehicle speed based data has the same data I®SRRsdata. Only
2.84% of TS and RVs data was unusable. In caseVaf iRterfaces 40.63% from
possible maximum of data is missing. Used datavats include no less than 90% of
initial interval length.

4.1.7 Lane departure frequency

In Section 4.1.2 it was shown that lane departusguency was significantly
correlated to task completion time. In additiondaleparture frequency results should
be observed with caution because of many datatgus$iues (see Section 3.7.6). In
case of the “best” interfaces TS1 and TS2, jusin@ ldepartures were detected during
22 interface tests, but if there is at least oneentene departure that was not detected
by LDW system the resulting frequency would be gigantly bigger. As well in case
of RVsl interface out of 16 detected lane depastitreould be argued that 4 are not
accountable, because drivers were influenced bythanoevents, therefore the
presented frequency of 0.76 under different judgroan as well be equal to 0.57.

Despite of high uncertainty in actual frequencyuesl the results presents interesting
possible overall trend (Figure 22). The patterngssts that despite the interface
differences, dangerous driving mistakes (lane dapes) occur more frequently when

overall time on task is longer
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Figure 22 Lane departure frequency by interface.
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4.1.8 Eye tracker data

Among the collected data EuroFOT test vehicle mlesialso eye tracker information.
As the data is collected using image processinthefdriver's face view it is has
many limitations and data quality may be insufiitie

After pre-processing of results it was decidedtoatise eye tracker data for analysis
because of the following reasons:

62

The eye tracker used in the test setup can nabiglidiscriminate between
glances towards HUD display and road view. Becaidhis limitation it is
impossible to calculate any of the commonly usesl ragtrics for RV modes.
With data available only for TS1 and TS2 it is whited use for testing of
hypotheses.

People were told to look exclusively at HUD whilerforming RV mode tests.
On one hand such instructions reduce ecologicalitsabf experimental trials
but on the other hand, if participants would ha¥eeadom to use both TS and
HUD, safety related measurements could have beempromised. In RV
mode it would be very difficult to discriminate beten effects of HUD and
effects of TS on driving performance. Neverthelessegular use of RV
equipped interface drivers tend to glance at TS deira reassurance or
comfort even when mostly using HUD display.

Looking at the data from TS1 (Figure 23, Figure aayl also TS2 it can be
seen that there is a big spread around eye roauecpasition caused by
placement of non-transparent HUD display. Becaufferent people could
have adopted different strategies to monitor tlegnm given conditions it is
difficult to estimate the PRC (percent road centretric that was initially
considered to be used in analysis.

The data quality results from TS1 and TS2 intedaaee considerably worse
than for RV modes. For TS interfaces only ~55% atidvas usable. As well
in Figure 24 it can be seen that glances towarddigi@ay are on the edge of
the data range. All together there is a greatihbeld that eye tracker data is
missing critically important amount of data and aoyclusions from this data
set can be misleading.
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Figure 23  Eye tracker point density histogram f&@1T({resolution — 50x50).

TS1 Intensity Map RVS2 Intensity Map

Figure 24  Eye tracker intensity map for TS1 (leftid RVs2 (right) at 200x200
point resolution.
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4.2  Subjective ratings

After performing all tests every test person exgeestheir opinion on a number of
questions. Subjective ratings were provided by igpents only after they had
practical experience with interfaces while driving.

In order to limit complexity for participants it walecided to group interfaces by most
significant similarities. As a result most subjeetresults are given to RVs and Rvd
modes without distinguishing between input devidessome cases all four RV
interfaces were classified as one — infotainmetdriace with GUI displayed on the
HUD. When both successful and unsuccessful RV madescombined together
participants were instructed to rate their prefértgpe out of all applicable RV
modes. In subjective results TS usually represdigéd — common touchscreen
interface. TS2 mode was not explicitly includedqurestionnaire, because initially it
was not considered to be interesting as an indegrerdncept.

Data quality: The interview questions were answered by all 22igggants, but not
all questionnaire data was collected. One quesdioarout of 22 was lost, and could
not be retrieved therefore most questions had beswered by 21 person. As well
some questionnaire questions were not answereduBedhere were only a few cases
of missing replies, the data loss can not be snbata

4.2.1 Usability and acceptance

Using VanDer Laan’s acceptance scale (Van Der ledaal. 1997) it was found that
on average participants rated static Remote VieMs]Ris close second right behind
touchscreen interface (TS) in both usefulness atigfging dimensions (Figure 25).

If results are separated by touchscreen experiehgearticipants the acceptance
ranking changes. Figure 26 shows acceptance redeliending on replies on

background question "Do you use iPhone or anothparable touchscreen device?"
People who are not frequent users of touchscrderfages gave considerably higher
overall scores to RVs over TS. Nevertheless beca@sasers preferred TS to RVs
the overall result is close to equal (Figure 25).

In all cases dynamic RV mode was rated very negigtivy majority of participants.
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Figure 25  Overall Van Der Laan’s acceptance scasults.
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Figure 26  Van Der Laan’s acceptance scale resujt3 $ experience:
Left — only users with little to no experiencehngtnartphones;
Right — only frequent smartphone users.

From usability perspective SUS scale showed adganth TS over RVs modes and
very low score of the RVd modes (Figure 27). Ong-wepeated measures ANOVA
analysis of SUS scores confirmed that there wdsast one significantly different

result among TS, RVs and RV#&(2,34) = 70.31,p<.001. Pairwise comparisons
showed that TS score is significantly bigger tharsRcore §j<.05) and that Rvd is

rated inferior to RVs [<.001). In case of SUS scores there were no sufmtan
differences when grouping participants by touchecmdevice experience.
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Figure 27  System Usability Scale scores.

Acceptance results are also supported by repliisetguestion about which interface
person would like to have in his/her next car. Fegg28 shows amount of

no/maybe/yes replies in favour of RVd, RVs and lE®an be seen that participants
selected RVs in about as many cases as TS. Whilantig Remote View was

interesting to no more than 4 out of 21 respondents

B Dynamic
Remote View

H Remote View
(Static)

| Touch Screen

Number of replies

No Maybe Yes

Figure 28  Willingness to use RV or TS based inte$a(“In my next car | would
like to have:”).

Finally acceptance for concepts was also exprdsgedplicitly ranking interfaces by
their future value (Figure 29). Ranking does ntivalequal rating therefore it is very
significant which place is given to a concept. Nittet RV modes were presented as
“touchscreen with Remote View together” because RVnot a self sufficient
interface for main infotainment GUI. Results shdvattRVs earned slightly higher
interest from test persons than TS. In case of BMttept almost half of participants
rated RVd as “inappropriate” or “not promising dit.aOverall RVd is clearly the
least accepted interface option.
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Figure 29  Ranking of concept by “which is the nasimising”.

4.2.2 Safety ratings

There was one specific question addressing thetysafgpects of the interfaces.
Participants ranked their perceived awareness effaghward road on a scale from
1 to 5. Figure 30 shows both average rating anduabtaf specific scores given. One-
way repeated measures ANOVA analysis with N=18 dothat there is at least one
significant difference among results(2,34) = 16.90p<.001. Pairwise comparisons
specified that RvVd was significantly worse than telternatives (RVd-T$<.01;
RVd-RVs p<.001), but difference between RVs and TS could b®tcounted as
significant £>.05). Because ANOVA showed close to significafitedence between
TS and RVs and because there were 21 pairs ofggafor TS and RVs instead of
N=18 when counting in RVd, it was decided to perfoadditional paired t-test.
Paired t-test confirmed that collected data alldesconclude that RVs is rated
significantly higher than TS in terms of perceivedd awarenes§20) = 2.43p<.05.

Overall RVs interface is rated as the best for maéming road awareness while
driving. Histogram of given scores shows the detaflscore distribution. RvVd mode
is clearly rated as poor by participants with theeeeptions. TS received mixed
results with nearly equal amount of better and wdisan average ratings. Finally
RVs mode was rated as better than average withamediing of 4.
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Figure 30  Subjective awareness of the forward road.

4.2.3 Input device ratings

As the tested interfaces included both touchscesehtouchpad, participants were
asked to select their preferred input device antbegwo tested alternatives. Figure
31 shows the data collected from questionnaire® ifiput device choices were
highly dependent on given task and interface impletaition. To sum up the results
Figure 32 shows that TS was rated as the mosiezffion half of the use cases. But in
35% of cases participants were equally satisfigtt Wwoth devices and in 15% of use
cases TP was the preferred input device. Notectiragnt test setup was optimized for
TS input and software contained no optimizatiomslie use.

@BTsS
O Both
aTP

Number of replies

Simple  MP3list Keyboard Keypad Sound
menu settings

Figure 31 Preferred input device by use cases
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To assess the significance of TP input alternatge an addition to TS GUI
participants replied if they would like TP in th&ext car. In Figure 33 it can be seen
that the total amount of people saying either “nedydr “yes” to TP was equal to the
amount of replies in favour of TS.
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Figure 33  Willingness to use TP for infotainmenbtcol compared to TS (“In my
next car | would like to have:”).

4.2.4 Ratings of selection methods

The test setup featured modified touchpad thatwaitb performing selection using
tapping (no buttons needed), physical buttons esging into the surface of the TP
(see Figure 10 for additional explanation). Asitheoretically possible to perform all
interaction only using the touch sensitive parttamichpad it was assessed if users
would accept omitting the additional buttons. ligu¥e 34 it can be seen that almost
one half of participants said “no” to TP withoutttmns while almost everybody is
interested in TP with buttons.
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Figure 34  Willingness to use certain type f touahfdn my next car | would like
to have:”).

Another selection option is using physically depiigle touch sensitive surface with
button feel. From Figure 34 it can be seen that agagude for clickable touchpad is
unclear. About the same numbers of people seleetaih of the options (“no”,

“maybe”, “yes”). Notably the tested clickable TPofmtype required uncomfortably
high click force that discouraged participants iagbical use of clickable TP function.

In case of clickable touchscreen interest was Hhidgfieen interest in clickable TP. If

“maybe” and “yes” replies are interpreted as “mapnt is interested in the feature”,
it can be said that 84% of people who were intetesh conventional TS also

expressed interest in the clickable TS featureufiei5). Notably clickable TS was
not tested by 4 out of 22 test persons due to remelwroblems. As well the results
from Figure 35 may not be entirely indicative ofeirest in the stand alone clickable
TS. It is possible that interest in clickable T&ifected by the major role of clickable
TS feature for RVsl and RVdL1 interface usabilifythie person wants to use RVsl
mode it is likely that he/she will also want to baslickable TS. Nevertheless it is
likely that obtained results are close to intemnestandalone clickable touchscreen.
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Figure 35  Willingness to use clickable TS compacedtandard TS (“In my next
car | would like to have:”).

Overall participants could also rate all availagddection methods by their usefulness
on a scale from 1 to 5 (Figure 36). Results shaat titre buttons next to touchpad are
the primary selection method for TP while drivirRegular interaction with TS was
rated significantly better than proposed alterreatilickable TS. And while clickable
TP was rated as the least useful, tapping on TRratad as better than average.
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Figure 36  Rating of selection method usefulnes&idiconcept.

CHALMERS, Applied MechanigsMaster’s Thesi010:56 71



5 Discussion

In this section we discuss the results from the&ipres chapter in relation to the initial
hypotheses. Further, we present some additiondihfys. Individual sections focus on
Remote View evaluation, input methods and additidinaings. Finally suggestions
for further research are presented.

5.1 Remote View safety benefit

The primary objective of this study was to devedopl test Remote View interfaces to
produce safer interface than common touchscree8. Wi practice the first question

is which of the tested RV interfaces are succe®sfuteducing the scope from four
tested RV variants down to as many as practicalsible. The second question is
how these best RV implementations compare to TEIT&? in terms of safety?

For reference about interface abbreviations cosalbite 2 on page 35.

5.1.1 Static and dynamic Remote View

The greatest difference between Remote View intedawas in the image
presentation (for more details see Section 3.2finlen and description):

* RVs — static mode requires sufficiently big, higiselution HUD image but is
more conventional from user perspective.

* RVd - dynamic mode overcomes limitations of HUD geasize and poor
readability but adds a layer of complexity to th&eraction principle.

Results from TCT show that both dynamic modes wgaificantly slower than

comparable static Remote View. Shorter time on iastavourable both to reduce
exposure to increased risk while performing secondask and also in terms of
usability.

Visual steering wheel reversal rate metric shoves R\vVd2 was significantly inferior
to RVs2 (see Section 4.1.4). Comparison in betw®édl and RVs1 resulted in no
statistical significance. Such difference betwepplementations of dynamic and
static modes can be attributed to input devicecesfen performance: TS input for RV
may be the main factor affecting visual SRR perimoe irrespective of dynamic or
static presentation. On the other hand with TP tifRuWs2 performed better than
RVd2.

Cognitive SRR metric provides an indication of thental workload level associated
with interaction with the interface together withgoing driving task. The results
from cognitive SRR show very significant advantage RVs modes in both
comparisons RVsl vs. RVdl and RVs2 vs. Rvd2. CogniBRR results are in
alignment with numerous comments and feedback frparticipants. Most
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participants were complaining about very compleenaction with RVd modes (see
appendix 4 for a list of comments) and often caudtl navigate the interface in Rvd
modes even though they successfully navigated dhee SGUI using TS1 interface.
Results show that the added complexity of RVd d®¥s was apparently measured
by cognitive SRR metric and RVs is substantiallitdrethan RVd.

In addition to objective results all test persompressed their opinion about the
interfaces in terms of subjective awareness offtine@ard road (Figure 30). It was
expected that the use of HUD display would haveeiased the confidence and safety
feeling of the drivers because of no need to loawyafrom the road. Results did
confirm that RVs modes were the highest rated antbedested interfaces, but Rvd
modes were rated very poorly. The reason for pabing of RVd modes is in
generally very negative attitude of participantwdaods the RVd interfaces and very
high cognitive demand of RVd which may subjectiveancel the positive effects of
display position.

Overall Rvd modes in comparison to RVs modes amratterized by poor TCT

performance, poor cognitive SRR results, stronglgative subjective ratings and a
great number of negative subjective feedback frami@pants. In addition, at least 5
participants out of 22 did not test RVd mode beeatilsey were not able to

comprehend the interface or because feeling unghile using RVd modes (all 22

participants tested RVs2, TS2 and TS1 interfacesamy one person chose not to
perform full test run using RVs1l). Based on allufesit can be concluded that Static
modes are much better than dynamic modes. Evemghhsome participants accepted
RVd modes as a possible alternative to RVs, thene\even more participants who
could not confidently handle RVd at all. We suggest RVd modes are not suitable
for use while driving, primarily because RVs modteis all the advantages of Rvd
and also outperforms RVd in most analyzed metrics.

5.1.2 RV input devices
Another major difference between RV interfaces thasinput device used:

* RVsl and RVd1 used touchscreen — TS is availabbebgult because it is the
same input device as the normal TS1 interface oichwRV interfaces are
based on. If TS is the optimal solution then naeoihput device needs to be
added to TS and HUD setup.

* RVs2 and RVd2 used touchpad — TP is a widespread cast efficient
pointing device that has conquered portable computeket. TP is a logical
addition to a TS based interface because it almmrolling mouse pointer in
a familiar way. TP also offers a number of advaesathat will be discussed
further.

In terms of objective measurements, the limitatiohshe experimental protocol do
not allow to compare objective metrics from inteda with TS and TP input directly
(see Section 3.6 and 4.1 for details about thee)ssThis limitation was accepted
because of assumption that there is a great differéetween interactions with two
input devices therefore users should not have aarddge in TP interfaces because of
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previous experience with TS input. Nevertheleseoedfects can not be excluded and
we do not discuss objective results concerniigrid 29 block of interfaces together.

The main source of information to compare inputicies for RV control comes from

comments, where most participants gave their opimorelation to this subject (see
appendix 4 “input for RV”). Majority of people hatrong preference towards TP.
The critics of TS as an input for RV included gwoli&e: “Hate TS input, not safe”;

“TS is bad for controlling RV, very tricky” or “RMsis not comfortable, bad input
device choice”. There were two participants whdgred TS as an input for RV, but
they did not criticize TP as such. There was onéqgi@ant who refused to test RVsl
and RVd1 because of TS input (the same personegidRVd2 mode), therefore in
this example TS input was perceived as a greateatho safety than complex
dynamic image of the RVd2 interface.

Even though the majority of participants clearlheferred TP over TS as an input
device for RV, there are several notable obsermati®ne person, who had the
opportunity to try the test setup for longer timlkanged his initial preference towards
RVs2 and claimed that RVs1 is the best interfaceother frequent observation notes
that when people try to use TS as an input dedc®¥ they often get confused and
try to use it as another TP (Figure 37). TP is wagkin relative positioning mode
therefore by dragging your finger in desired di@ttrepeatedly in the same area of
TP the pointer will move relative to its locatioBn the other hand with absolute
positioning of TS input people were dragging tHeiger over and over in the same
spot and never got where they wanted.

On touchscreen cursor never

goes past point B no matter

how many times you repeat
the motion

On touchpad every repeated
motion moves the cursor
incrementaly further

183

display: ‘¢sz

o B

display:

TS input: TP input:

Figure 37  Common problem caused by difference l@tvadsolute and relative
pointing principles of touchscreen and touchpad.

74 CHALMERS, Applied MechanicsMaster’s Thesis 2010:56



When TS surface is used to control external dispiteeye is no obvious difference
between the tactile sensations of using TP andABSXa result, if the driver was less
focused on a secondary task, several people whirggfhack to the established TP
paradigm even after many successful attempts wilnput. In order to be proficient

with TS input for RV, users needed to break theviptes assumptions on TP

interaction and learn the alternative way of trggatiouch sensitive surface. Only after
such long term adaptation took place it is posdiblecalize the true potential of TS
input.

As important as long enough learning period wasathiéty to use “clickable touch
screen” selection method. The first 4 participantsd could not use clickable TS
selection method (see Section 3.6 about the isso@) demonstrated that it is not
easy for most people to use regular tapping on M&wyou are not looking at the TS
image. Once again on TP there is no need for mreeigping but, on TS the exact
point of tapping is essential. If after successighlighting of the desired GUI button
the person lifts up the finger and taps in slighdifferent place, cursor instantly
follows to the unknown point and performs unexpécselection. With training
person can learn to lift up the finger very lithad precisely tap back in the same
point, but it is not an easy and accessible ex@rcis

The proposed solution of “clickable TS” overcomles problem by allowing users to
press into the screen to perform selection. By qumgsin people do not have the
problem of displacing the cursor away from the ¢ééed GUI element and there is less
finger movement involved. As an added bonus theitdglick” feedback enhances
the experience. Clickable TS is further discussefidction 5.3.1.

The strongest appeal of RVs1l mode comes from campiRS1 and RVs interaction

together. Feedback from users and observationsestiggat if driver uses short
glances to TS to help with RVs1 interaction theralleexperience can be very good.
Short glances to TS1 can help when RVsl interadgefs confusing. With practice
users can improve the understanding about the HSDrteraction in RVsl mode

reducing the need to glance on TS while using R¥Mances and input from TS
during interaction with RVs2 mode was also usedgéasticipants successfully but it
requires additional switching between input devic@th existing data it is not

possible to rate which combination is the best (¥31Vs1 or TS1 + RVs2) and both
combinations could be used efficiently after sudiint practice.

Because of longer learning process of the TS im@uRYv it can be suggested that
Remote View without TP would be too intimidating f great number of users who
would never overcome the initial resistance of m@ut for RV control. Therefore TP
or possibly another pointing device is necessaryefieery RV setup despite the
possibility to use existing TS input. TS input fleVV applications greatly benefits
from “clickable TS” functionality to the extent thauggests that there should be a
possibility to press into the screen to selectr@eoto efficiently use TS for RV input.
It can be expected that in an experiment as skdtepresent study most participants
will not be able to use TS input proficiently besauof insufficient practice and
consequently TS input will be inferior to TP inpuespectively of the true potential
of TS as an input device for RV. It can be arguet if TS requires so long learning
period it poses a safety risk and is not worth tguag. On the other hand TS would
be available in any RV setup without any added @st some users do find it
satisfying to use after initial challenge.
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5.1.3 Head up display

Remote View was developed with an assumption thdtjver is able to efficiently
use HUD for interacting with VIS, driving performee should improve compared to
conventional touchscreen IVIS (BMW Group 2009, p.Z® test this assumption it
was possible to compare the impact of using naddwtical interfaces with image
displayed on HUD and on TS. RVs2 and TS2 modesrddhly in the display device
used and the results are very interesting.

TCT results show that TS2 is significantly fasteart RVs2 in all tasks (Figure 15 and
Figure 16). Because interaction was identical, thierence can be caused only by
display differences. A possible explanation canh@eadded time pressure of looking
away from the road when using TS2 — because drsvepnsciously looking away
from the road, there could be a stronger motivatmiiinish the task as quickly as
possible. Other reason can be the better focusirgeoondary task with TS2 because
of no simultaneous monitoring of surrounding rogawwith RVs2.

Visual SRR comparison found no difference among &a8@ RVs2 results indicating
identical driving performance with both display égy(Section 4.1.4). Such results can
be due to very successful TS implementation thablked rather good driving
performance even without HUD display. AlternativelyHUD substitute
underperformed compared to actual projected HUDgen@igure 38). It is possible
that without favourable projection distance of #otual automotive HUD the studied
prototype did not reflect the true potential of @all-up display. The success of
implementation could be also attributed to favolgadibgh touchscreen position and
intuitive interface that allowed short enough gksd¢o the touchscreen. This result
raises question whenever there is practical beak&tlding HUD to a well positioned
touchscreen display.

projection-distanca ., |

windshield = optical component

[

virtual image

oplical-path

C _-'.‘:'.II 'Ft‘.,
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lighttrap— =,

— glare-trap

rotatable mirror
{aspherical)

— fold mirror

picture generation | display (planar o. aspherical)
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complete eyebox

Figure 38  Principle of an automotive HUD (sourcétp//www.conti-online.com)
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Unlike visual SRR results, cognitive SRR metricwhd that interaction with TS2 is

more mentally demanding than interaction with R\{&2e Section 4.1.4). This result
supports the assumption that drivers feel morespreswhen looking down at TS.
The result also is in alignment with conclusionsnir (Horrey et al. 2003, p.1883)
who found that NASA-TLX indicated lower mental waolkd for HUD compared to

TS. Additional pressure may reduce comfort durioggl term interaction with the

system, but can also be a positive effect. If drigemore focused and more alert it
may be possible to temporarily compensate fordgsisnal interface performance and
the total exposure to risk is reduced (see TCTli®su

As interesting as the objective measurements wasettdback from participants (all
feedback is collected in appendix 4). There wereobserved difficulties in use of
TS2 or RVs2 interfaces and there are indicatioas Ti%2 could be a viable interface
without HUD addition. One particular comment wa$S2 feels more comfortable
than RVs2, | look there then there — it does nokswou in”. TS2 interface has all the
advantages of touchpad input (see Section 5.3.1nfore details) while well
positioned TS display can be comparable to HUD @mms of overall driving
performance. Nevertheless there are comments framerous participants who
recognized advantage of HUD compared to head dasyplay as the main advantage
of RV interfaces.

The data from this study did not reveal advantagddUD substitute in comparison
to a well positioned TS display. Considering thas test setup did not include fully
featured HUD equipment and mixed feedback from sjsee suggest that further
studies should return to the question of HUD vawdh@own display. The performance
of TS2 interface was very solid and we recommermtuding TS2 interface in any
potential studies of RVs2 interface as a possildgrative to Remote View.

5.1.4 Overall Remote View safety potential

Overall TP is the recommended primary input defameany RV implementation.
While TS input is mostly perceived as poor altexggtsome users prefer RVs1l mode
and there is no conclusive data that would sughes$tTS input for RV should not be
allowed. Together with conclusions from the Secttoh.1 it can be suggested that
RVs2 mode is the best Remote View interface amegfour tested alternatives.
RVsl1l mode can not be self sufficient Remote Viewtsan but nevertheless is a
valuable addition to RVs2 type of interface. RVsadda can be especially useful if the
user likes to combine TS1 interaction with RVs iat¢ion depending on the task and
driving situation. Because of poor performance wiaimic modes, neither RvVd2 nor
RVd1 are suitable for future consideration. In fbkowing sections only RVs2 and
RVs1 modes are discussed when evaluating Remote péeformance.

Based of observations and feedback we assume VWit Rsults were affected by the
longer learning curve of the interface. TherefokésR results may reflect struggling
with unfamiliar interface more than the potentiarfprmance of the interface.
Contrary to RVsl mode, interfaces with TP input diot suffer as much from
insufficient learning period. Even users who do ns¢ TP daily did not encounter
noticeable problems in interaction with TP. As 81 interaction, there were no
observed learning issues involved. Users couldtinély navigate TS1 without any
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external support right from the first try duringethintroduction to the test setup.
Considering learning effects only the RVs2 modeusthbe directly compared to TS1
and TS2 modes, because most people were ablertotlesse interfaces within the
training period and felt comfortable during testing

To answer the initial hypothesis of whenever Remdtew can be safer than
touchscreen it is necessary to compare TS1 interfaith RVs2. As explained
previously (see Section 3.6 and 4.1 for detailshsanalysis can not be fully justified
for the presented objective metrics. The TS1 andsRY¥an be compared using
subjective results and some additional observaticas be extracted from the
objective metrics. Based on objective data thezesaveral indications:

* No matter the order effects all Remote View integ&require longer time to
interact with the system compared to TS1 (Figureah8 Figure 16). TCT
advantage of TS1 was expected as the TS1 is a dwtecaction interface —
touch what you see. All other interfaces requirdittmhal action of aligning
pointer to the target GUI element and only thensitpossible to perform
selection. TS1 outperforms the best RVs2 mode Eactor of 2 even when
RVs2 was always tested after TS1. Short task cdiopldime can be an
advantage in terms of less exposure to increas#d but observations and
TS2 results (see 5.1.3) suggest that short TCTatsambe influenced by stress
of managing short glances to the TS display instéadore comfortable gazes
to and around the HUD.

» Cognitive SRR metric (Section 4.1.4) could potdhtialarify the assumption
of extra effort involved in timesharing during gt@s to TS display. Even
though cognitive SRR graph shows promising trenslupport of RVs1 being
less mentally demanding than TS1, the ANOVA anahdid not find any
significant difference between TS1 and RVs1, F(1:20.61, p>.05.

Subjective ratings of interface safety supportghaiety potential of Remote View (see
Section 4.2.2 for results). The RVs interfaces wated significantly better than TS
in terms of road awareness while driving. In additmany comments support the
perceived safety benefit of HUD use for interactioith infotainment system. (see
appendix 4 “RVs in general”). The positive commeiniduded: “A lot better when
you drive.” or “It is really great to have informat on the HUD. Even though it is
harder to use, it is still less distracting”. Bhete was also negative feedback among
the comments: “Feels no difference between HUD E®dn road awareness”; “I am
disappointed in HUD — | thought it would be helpfbut when looking at HUD |
don’t see anything, | don’'t see lane marking”. Tregative feedback was often in
connection to inability to utilize peripheral visiavhile looking at the HUD display.
Because the road was in the field of view theresuggest 3 possible explanations:

* Because of refocusing to HUD display (Figure 9% tbad view could be too
much out of focus to remain informative. It is pbgsthat an actual projected
HUD image can avoid such refocusing issue becauseptojected image
appears further away from the driver. Therefores ijpossible that with more
appropriate HUD display the overall driving perfamnce and feedback could
improve.
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* Another explanation could be the cognitive tunnellieffect (Engstrom &
Mardh 2007, p.30). The reason for poor safety isgios of HUD in Remote
View interface can be the shift of attention to theerface that locks out the
information from peripheral vision. For people wileaperience cognitive
tunnelling there would be little benefit from Remodtiew display and the
longer task completion time could outweigh most BenView advantages.

» Lastly there may be person specific limitationsisltknown that there are
various vision disorders that may not be prominamteveryday life.
Efficiently using visual input from peripheral viewhile interacting with
HUD display is not a trivial everyday task. Becaa$dimited knowledge in
the area, we do not discuss the assumption furltherwe suggest that HUD
efficiency studies should be linked to knowledgewhimitations of human
vision in population.

The collected data delivers support for Remote Veafety potential but there are
several remaining concerns. It is likely that withe HUD display and additional

optimizations for TP interaction RVs2 interface dsnconvincingly safer than TS1.
The feedback from majority of participants doesgasy that RVs is safer than TS1.
Overall the data from this study does not allowstpport of deny RVs2 safety
advantage over TS1. Further studies are requiredntestigate HUD use for

infotainment interaction.

5.2 Remote View usability and acceptance

While safety improvement is the primary objective RV development, the HMI
solution must also be positively perceived by comdis. Safe system that is not used
by anybody would not add any value to the end prbdlhe main user acceptance
metric used in the present study — Van Der Laaoctgptance scale shows promising
results.

Both in “satisfying” and “usefulness” dimensions 6&n Der Laan’s scale results
indicate that RVs is nearly equal to well known TiSterface (Figure 25). Moreover
users who do not use TS interfaces frequently fdR¥d as considerably better than
TS1 while driving (Figure 26). As an additional popt participants also expressed
comparably high interest in RVs both in terms oflimgness to own and use (Figure
28) and in terms of potential future value (Fig@®. The fact that RVs is rated
nearly equal to well known and familiar TS1 intedasuggests that with more
practice and added optimizations Remote View cathbereferred interface for use
while driving.

For HMI solution usability is as important as thengral acceptance of the interface.
Main usability conclusions can be drawn from SU®recand from average task
completion time (TCT). SUS score results (Figur@ ifowed that TS1 was rated
marginally higher [§<.05) than RVs with overall averages of 80 poirmtis TS1 and
68.5 points for RVs. In comparison the truly dislikinterface RVd was rated at 29.9
points. The SUS result corresponds to TCT resuftsrevit can be seen that TS1 is at
least twice as fast as the best RV mode (see discus1 5.1.4). Considering that at
least half of the participants are using TS devares undeniable speed advantage of
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TS1 interface, the 15% advantage of TS1 over RMssability ratings indicates very
promising performance of the Remote View interfaddsreover it is important to
consider usability assessment conditions:

* Majority of participants chose TP input togetherthwstatic presentations
(RVs2) as their preferred Remote View interfacd,tha test software was not
at all optimized for TP input (see Section 3.349.a result SUS score reflects
comparison of purposely developed TS1 interfacenagdP input that was
added in the very end without any TP specific opations.

* The test procedure was optimized for safety metcguisition that involved
rather strict use constraints during testing (sédeCbnstraints). An example of
constraints is the restriction to look only at theD while testing RV modes.
In some cases a quick glance to TS display would teeovercome certain
hindrance in RV interaction, streamlining the exgmce and avoiding
unnecessary frustration. Consequently usabilitggqaion of RV modes could
improve in more natural use environment where RMdends an optional
addition to the basic TS1 interface.

Even more information about usability and accepanan be elicited from user
feedback. Many comments and observations suppgthgsis that TS1 is often
preferred for short and direct interactions withiaterface while RVs2 or TS2 were
more comfortable for longer and more complex taskS1 is very direct and
satisfying to use when all what is needed is t@kjyipush a big “OK” button (“TS1
— very direct, straightforward”), but some participants noted decreased confelenc
and physical discomfort when using TS1 for longengas (“TS1 -fast but loosing
contact with the road; bad for weak or sick arms”). RVs modes are slower but
allow for more secure and comfortable interactithteglly like HUD — it is easier to
do something and drive”). As a result when peopishwsafety and comfort they
would chose RVs, but while standing at the trdifibt or if only a couple of presses
are required TS1 remains better option than RVdle€ed subjective feedback
supports the initial goal of making supplementanietiface to touchscreen that is
safer. When safety is not an issue — TS is usedRM# often takes over as the
preferred interface while driving.

Overall collected usability and acceptance datawshgreat potential in RVs
interfaces. Despite anticipated disadvantage ajdod CT compared to TS1, Remote
View is frequently chosen as the preferred intexféar use while driving due to
perceived safety and added comfort of touchpadtinpus important to stress that
almost all participants considered TS1 interfacam®ssential part of complete RV
solution therefore the results should not be imt#gul as if RV could replace
conventional touchscreen interaction in vehicleo#er important limitation is the
range of interfaces tested in the experiment s-rfitot known how the tested interfaces
would compare against other possible alternatiMesertheless it can be confirmed
that there is a high likelihood that users will fereto use Remote View over
touchscreen while driving.
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5.3 Input and selection methods

During Remote View testing it was possible to eatduhow touchpad compares to
direct touchscreen interaction. As well feedback Sodifferent selection methods
provides valuable details on optimal implementabbmput devices.

5.3.1 Touchpad for in-vehicle use

If touchpad is to be integrated in a vehicle for HMvigation it is of great interest to
know which features are necessary for TP to batwm safe and without unused
features. With these considerations there were @ariations assessed:

e TP without buttons — the most minimalistic desid¢nattallows for greater
design freedom, minimal costs and in principleaficcomplete control over
cursor.

e TP with buttons — conventional TP setup with extr@dware selection
buttons. This variant should satisfy any person wises TP with their
computer.

« Clickable TP — prototype that adds physical buttonder the surface of TP
allowing for pressing into the surface to seledbisTconcept is similar to
contemporary Apple “Multi-Touch trackpad® (Figur®)3and was added in
addition to clickable touchscreen concept (see seation)

Figure 39  Touchpad with buttons by Cirque and @hldke multi-touch touchpad
without additional buttons from Apple MacBook (smir
www.cirque.com; www.apple.com)

Participant answered questions on their selectiethad preferences and additional
observations were noted during the experimentsreTlage at least 2 substantial
indications among the collected TP data.

In order to assess suitability of TP for use in e main question was to choose
which input device was the most suitable for speaise case. Section 4.2.3 and
Figure 32 show that on average only in 50% of cd$ewvas preferred for controlling
the touchscreen GUI. In more than one third of €d3®is subjectively as good as TS
and 15% of replies favour TP for specific use sgenalhe definitive conclusion
from these replies is that there is a range oforemshat make TP a valuable addition
to the TS interface. The possible reasons can be:
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» Better physical ergonomics (reach, posture);

* More precise control (easy to pinpoint exact positfor click; reassuring
selection using hardware button);

* No time pressure and precision demands of eveghtotithe TS;

» Easier interaction chunking (several secure attenbptposition and verify
cursor can be made before actual selection);

* More comfortable input in case of long fingerndilsis possible to position
TP at an oblique angle to the hand);

« Possibility not to touch the display with a findésr aesthetics and cleanness).

The high interest in TP for use together with TSaiso supported by results on
willingness to use TP (Figure 33). As many peopl®would like TS in their next
car would also want TP (if both “maybe” and “yesisaers are counted as positive).
It must be noted that participants rated suitabif TP for complete RV setup,
therefore TP may have received more than fair sugpon participants as TP is very
important for interaction with HUD.

In terms of variants of TP for in-vehicle use ageraating of selection method
usefulness for RV (range from 1 to 5, Figure 3@)vekd that TP with buttons is about
as useful as TS, tapping on TP is also rather Lisefection method but clickable TP
Is considerably less useful with result closerriot“at all” than to “very useful” on the
rating scale. The results of the willingness to @uestion show that, if TP would not
have additional buttons, only half of the particiawould be interested in such
device (Figure 34). Poor support for no button TRynbe caused by higher
complexity and agility required to operate buttesd TP for complex use scenarios.
Not all TP users use the tapping selection methotheir computers and the button
becomes even more important when TP is used invangnoehicle. The clickable TP
received more support (Figure 34) but the obsewmatiare less promising. Almost
nobody actually used clickable TP functionality lghusing the setup on the move.
Participants expressed interest in clickable T @snovelty that might be potentially
useful to them, but failed to demonstrate any fractise of the feature. The fact that
clickable TP was not actively used is confirmedtbg result of selection method
usefulness ratings. Figure 36 shows that clickdlitewas rated as the least useful
selection method. A possible explanation can betw implementation of clickable
TP. It was noted that clickable TP prototype reggiitoo high pressing force to
activate the buttons. Previous assessment of dieKaP (MacKenzie & Oniszczak
1998, p.343) and fairly widespread use in Apple potars suggest that for stationary
use clickable TP is a valid alternative. Unfortuaiatit is not possible to state if
clickable TP was not useful or it was the faultled specific prototype.

Overall we can recommend TP for further studies g®ssible addition not only to
Remote View setup but also to a conventional T8riate. An example of support
for TP from one user can be the quote: “TP hasb#st potential as a future input
device. It needs multitouch, fingertip writing, skir zone and additional

optimization”. For best results users should havedandant setup with both TS and
TP, allowing the most suitable choice for giverktasd use scenario. If TP is used
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for mouse pointer control there is a strong suppat it is essential to have selection
buttons in addition to the touch-sensitive surfdgettons improve accessibility and
possibly also safety of TP. The present data datsanswer the questions about
clickable TP potential and there were no observeaimples of use cases where
clickable TP functionality would add to the intetian experience.

5.3.2 Clickable touchscreen

One necessary hardware element of touchscreeroledtRemote View interfaces is
the clickable TS. The ability to press into theeser to select was specifically
implemented for RV usability improvement both orrdveare and software levels.
The clickable TS concept is very similar to clickaliouchpad, but because of
differences in pointing principles there is a grdiffierence between the two.

84% of participants who would like TS in their calso expressed interest in the
clickable TS (Figure 35). The results from themgtof selection method usefulness
for RV were less convincing — with very mediocréng on clickable TS usefulness
(Figure 36). Nevertheless it was observed that rpasticipants heavily relied on

clickable TS functionality when using RVsl1 and RMdtdes. For remote interaction
with HUD, clickable TS allows to simplify interaoth and reduce amount of errors
caused by tapping in different point than intenditds absolutely clear that for

successful use of RVsl mode clickable TS or conigbarenput enhancement over
conventional TS is necessary.

An alternative to tested clickable TS could be daptation of pressure sensitive click
threshold (no moving parts, same press into theescroperation) and vibration
feedback. As a proof of concept there is a comraltycavailable device BlackBerry
Storm 9550 that employs pressure sensitive displdli force feedback, while
BlackBerry Storm 9530 (Figure 40) had the clickab®&similar to the one used in the
present study (BalckBerry 2010) Use of force fee#b@uld improve the system by
providing only meaningful feedback when the preas actually resulted in an input
recognized by the system. As well force feedback beapplicable in other ways to
improve interaction (Ecker et al. 2009, p.3). Msetedies are necessary to clarify the
advantages and disadvantages of different solufmmnadded haptic feedback in TS
interaction.
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Figure 40  BlackBerry Storm 9530 with clickable tbscreen (source:
na.blackberry.com)
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In addition to usefulness for RV control clickaldl& may also be useful for normal
TS interaction. From published studies it is kndiat users often prefer combination
of visual, audio (signals; speech) and haptic @tibn) feedback all together (Serafin
et al. 2007; Pitts et al. 2009) therefore our fingd comply with haptic feedback
studies. From observations it was noted that farespeople find its satisfying to use
clickable TS functionality also in cases of TS1dese of clear “click” that confirms
the selection. The effect was expected to affeaplgewithout TS use experience, but
it was observed even among people who daily usen@hOverall it is not easy to
generalize the collected feedback to differentaanarios of clickable TS. It can be
said that clickable TS is very useful for RVsl modeis a valuable add-on to
conventional TS to some of the users but nevesbeateuld be surpassed by a more
sophisticated haptic feedback solution.

5.4 Notes and observations

In addition to the main hypotheses and discusdieretwere a number of potentially
valuable findings noted during the Remote View gtudhis section contains
individual notes and observations that were nadtly related to the discussed issues.

Upset driver mistakedt was noted that all people can make dangerogsakes and
drive unsafely after getting upset for some readdre reason can be unexpected
behaviour of the interface, after repeated unssfgesttempts to perform task or
after noticing random mistype/mistake. Such dangedyiving has little or nothing to
do with the safety of the interface. Metrics sushlane departure frequency may be
directly affected by this behaviour and conseqyemtbduce misleading results. It is
possible to review the video and audio recordinfgav@ilable) to asses if the rough
driving mistake comes from actual interaction dioiws unrelated distraction.

Need for robust HMIDespite testing the test software during develognigna
number of persons, as soon as the HMI prototypetested while driving, several
minor problems were discovered. Using a system sscandary task amplifies the
requirements for interface quality. For example @&iment that caused no problems
while stationary can appear too small and diffidatcatch while the vehicle is
moving. Failing to perform action several timesinow is very disturbing and can be
the cause of upset driver mistakes discussed prelyiocConsequently we suggest that
any interface can be dangerous if the system dadsperform as expected.
Touchscreen GUI presents a special challenge becidugs interaction robustness
heavily depends on GUI design, screen responsigear@sergonomics.

Steering wheel griplt has been observed that some users chose differ@y of
holding the steering wheel depending on interf&ee. example shorter driver might
hold on to the top of the steering wheel to beteach the TS and afterwards hold the
steering wheel at the bottom when using TP postioon the middle console. In such
cases it may be argued that driving performanderms of for example SDLP can be
misleading. Different grips would alter the naturé steering input and could
potentially impact the HMI interface assessment.

Touchscreen ergonomic#l. was observed that all users tend to use ceitiamd
support while interacting with touchscreen. Exigtsetup included pronounced hand
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support underneath the high positioned display thas used by all participants
(Figure 11). In a moving vehicle it is importantgmvide stable hand support next to
TS that simplifies precise selection and reducesnsfrom an arm. We believe that
good hand support is essential for comfortableofi$egh position touchscreen input.

TCT and Lane departure frequenchhe correlation tests found that lane departure
frequency is significantly correlated to task coetign time (see Section 4.1.2). Even
considering the unreliable data collection methibése is a considerable difference in
lane departure amounts among interfaces (FigureVEBjle the available data is not
robust we can observe the trend that suggeststaBktcompletion time could be
directly related to the probability of lane depaetuPotential explanation could be the
gradually decreasing road awareness during lomg teteraction with the system. If
TCT can be directly linked to probability of majalriving mistakes that could
potentially change the weight of different safetyated metrics in the overall safety
assessment of IVIS. Nevertheless the present stadynot be used as a support for
this assumption due to poor lane departure eveaatgiality.

5.4.1 Methodology of field HMI studies

Field driving studies have an undeniable appedheftests with the highest possible
driving fidelity in comparison to alternatives suah studies on a closed test track,
various driving simulator setups or laboratory gestich as occlusion method (ISO
16673: 2007; Pettitt et al. 2007). The presentystuds partially an experiment into
performing the HMI assessment using EuroFOT insémted vehicle in live traffic.
Insights from the tested methodology are presemeeé.

Confounding factors.It is well known that performing studies in uncafied
environment leads to many potential issues witta datality. In the Methodology
chapter of the report Section 3.7 discusses thetiftm issues and confounding
factors for metrics processed in this study.

MSDLP metric.One issue with data analysis was introduced by MSDnetric
(Ostlund et al. 2005). It was known that SDLP noet@n not be used with variable
TCTs, therefore the most up to date comparable iecnetas used — MSDLP.
Recommendations from AIDE project claim that MSDtdbculated using 0.1Hz high
pass filter must eliminate interval duration effeecn data longer than 10 seconds
(Ostlund et al. 2005, p.120). In principle high pditering is difficult to justify
because of high likelihood of omitting relevant Idrequency data about driver’s
vehicle control efforts, but the main issue is i correlation analysis shoved very
strong relationship between TCT and MSDLP met(e€).001). Based on observed
correlation we argue that MSDLP metric may be nadieg and clearly fails to
eliminate interval length effects on field lane pios data.

TCT variation.To overcome effects of the variations in task tdarefor safety metric
analysis a possible solution is to standardize tasktion to a fixed number. In such
setup the results from the TCT metric would be lmst the gain is in much more
robust safety metrics such as SDLP, frequencyrad tlepartures or any other metrics
that are be influenced by interval time. Fixed T€bhdition is a viable alternative to
usual testing not only in field studies but alsodmnulator tests.
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TCT and speed variatioft was observed that during some tests that wer®ined

in very condensed traffic drivers may change theie sharing strategy if the traffic

flow is un-even. We propose that changing traffieesd may be very significant
contributor to the TCT performance. In fact it ikely that change in speed in the
range of 30 — 70 km/h is much more demanding thiuing at the legal speed limit.

In order to confirm this assumption we analyzedhdsad deviation of speed during
the interface tests.

Cause-effect uncertaintylo test speed variation impact on analyzed metaics
additional metric of standard deviation of speedswalculated for correlation
analysis. The obtained results show very signitioggre.001) correlation between
TCT and SD-speed (see Table 5). In this case wéntanpret the correlation in many
ways. It is possible that TCT is causing the inseemn SD-speed. It is also possible
that in some cases when SD-speed is induced big tspked fluctuations the effect is
reversed. The third interpretation could be thatéhs another undefined confounding
factor that inks the two metrics. To provide cosole interpretation it would require
at least a separate data analysis effort. Becdus@e constraints we can not give a
clear interpretation of this effect.

Eye tracking data qualityin the present study eye tracker data qualityeissoaused
by insufficient field of view and limited accuracgpmpletely prevented the use of
eye related metrics in safety assessment. SectioB ZEye tracker data” discusses
the issues encountered with the data collected ttmmstandard eye tracker of the
EuroFOT vehicles.

5.5 Further research

The results of Remote View development and tesstrgngly suggest several
directions of further research. The best Remotewirgerfaces could be tested with
better implementation and with different test pohaes:

* As the current setup was optimized only for TS ingthuere is a great room for
improvement if TP is used to full potential. Thstlof necessary additions to
be tested includes scrolling areas, snapping timisit fingertip writing, better
size and positioning of the TP and more.

« Remote View with real projected HUD. To assess the potential of
peripheral vision while using infotainment intefa@an actual HUD setup
should be tested. Considering up to 3 m long fatisgance of HUD image,
there could be a great difference in vehicle cdntmmpared to results
obtained in present study.

* Improved experimental design. While driving in litraffic has its merits an
alternative test procedure, for example driving test track with leading
vehicle could bring much cleaner data and moreneiéy usable metrics.
Ensuring that HMI tasks are longer or exactly agylas defined minimum and
using more sophisticated eye tracking equipmenidcpiovide greater pool of
data for analysis. As well for better data qualitgst studied effects can be
tested in driving simulator.
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* To better assess usability and acceptance of Re¥Wiete and Touchpad a
more natural use environment should be tested.eTaer indications that for
best performance driver should be able to freebosk which input device to
use and which display to look at every moment. Ftegce might improve
overall satisfaction and prevent frustration whentain aspect of interaction
feels unintuitive or inefficient.

* Additional testing of Remote View interfaces coulttlude long-term use
experiment by HMI experts. Qualified researchersildoassess long-term
effects after the necessary learning period anthininterest. Testing how
useful a new interface is in daily environment e f the most valuable
usability and acceptance information obtainablethVéxisting setup one of
the persons who tried different modes on severehgions commented that
after initial “break-in" period RVsl mode becames Havorite, topping all
other options.

* It would be valuable to compare RV interfaces teraktive proposals that
make use of HUD display. Potential alternativesude: Using steering wheel
mounted controls and different pointing devicesuasnput for Remote View.
Use of HUD with dedicated GUI that is not as fldgias touchscreen IVIS.

e Further analysis of haptic feedback. Clickable tmeteen should be
compared to other implementations, for exampleatibn feedback or other
haptic devices. It is already known that hapticdfesck can improve user
experience, but not enough information is availatdecompare different
possible implementations.

Additional tests would help clarifying hypothesedsed by present study and give
final answer on actual safety performance of Rervid¢e based interfaces compared
to relevant alternatives.

For future studies the most promising interfacRV&2, nevertheless TS2 should also
be tested alongside RVs2, because the resultsso$tidy suggest that TS2 could be
the optimal compromise between TS1 and RVs2 froetygperspective. RVs1 mode

is mostly interesting for long-term experimentscdugse of observed steep learning
curve that ensures poor performance among firs tisers. Lastly dynamic modes of
RV demonstrated consistently poor performance limegjards therefore we suggest
that RVd interfaces are not worth developing furthe
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6

Conclusions

The present chapter summarizes the main findingspaovides the final answers for
the hypotheses.

For reference about interface abbreviations corf@bte2 on page 32.

In this study the Remote View interface was impletad with four variants (RVs1,
RVs2, RVdl and RVd2) which were tested togethehwito additional interfaces
(TS1 and TS2). Following the study objectives, @-teaffic driving experiment was
performed with 22 participants. The collected de#s used to assess safety, usability
and acceptance of the Remote View variants. The firadings in this work were:

1.

88

Static Remote View with touchpad inp(@iRVs2) proved to be the best RV
concept. RVs2 mode received the best subjectivebieek from the participants
among all tested interfaces; surpassing even tliereree TS1 interface.
However, objective results did not confirm its segigd safety advantages over
TS1 interface. Notably the tested RVs2 prototype fea from optimal. In this
thesis, we proposed a number of additional optihuma and experiment
methodology changes that would most likely imprdahe results of RVs2.
However, the extent to which RVs2 can actually etftrm TS1 still needs to be
tested by future experiments.

Static Remote View with touchscreen inp{RVsl) provided mixed results,

probably due to the extensive learning necessargaster the touchscreen input
for interaction with a HUD. Because of difficultiesthe learning process there is
the possibility that a user would not learn to R&s1 mode. If a person masters
the RVsl interface, it is possible that RVs1 mayabaiseful as RVs2. While we
can not recommend RVs1 as an alternative to R\s2etare no obstacles for
inclusion of RVsl mode into RVs2 based HMI setupause RVs1 requires no
additional hardware or development costs over RVR&ure studies should

investigate whether with extensive learning, RVsbuld show the same

performance as RVs2.

Both dynamic Remote View mod€RVd1l & RVd2) were unsuccessful. Despite
great focus on developing and optimizing dynamiorzed-in view, the results
from the field test and the participant feedbacks wansistently poor and
negative. Conceptually Rvdl and RVd2 modes allowngisa cheaper HUD
displays and finer GUI details because of configle& Ul magnification, but we
must conclude that dynamic Remote View is not bigt#or in-vehicle use.

Touchpad as an input for touchscreen GI82) is the unexpected success of this
study. TS2 received good feedback from the pagitip and appears to be a
compromise between TS1 and RVs2 in terms of safetiyusability. We found a
number of reasons that support the idea to addoT&htexisting TS interface.
Depending on a use scenario and users’ prefererid@scan substantially
supplement the TS interface and broaden the app#dlS with little added cost.
Our results strongly support the use of TP as aroadto a TS interface.

Conventional touchscreen interfa@S1) in the tested implementation performed
very well. As it was expected with well optimizedJG there are few issues with
accessibility and efficiency of the interface. T84as consistently faster than any
RV concept and all participants managed to inteijivearn the system without
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assistance. Safety relevant performance was nopa@d to known alternative
interfaces, but the feedback from participants eoltected metrics suggest that
TS1 had no major safety drawbacks. The rather gabety performance of TS1
could be caused by responsive TS hardware and glaglement of the display
that allowed shorter glances away from the road.

Hypothesis resultsThe analysis of data provided answers to our thgs®s:

Remote View is safer to use while driving than hsoceen?We found that
Remote View (especially RVs2) may have the potértbabe safer than
conventional touchscreen, but the present tespsetd collected data were not
sufficient to provide conclusive result.

Users will prefer to use Remote View over toucletrerhile driving?User
feedback suggests that drivers are likely to usend®e View while driving
because of perceived safety, control and ergonoadicantages over TS1.

Static Remote View is less demanding than dynaemcoke ViewBased on
cognitive SRR results and participant feedbackcareclude that static Remote
View is less cognitively demanding than dynamic emdFurthermore based
on our findings, we do not recommend dynamic RV esoidr in-vehicle use.

Touchpad is viable as an input device for touchser&UI during driving?
Touchpad was very well accepted and all resultp@ipghe assumption that
TP is suitable for use together with TS GUI.

Touchscreen is viable as an input device for HUBDrdudriving? The viability
of TS for HUD control during driving was confirmesh basic level. Most
participants were able to use RVsl1l mode and sommedfdt very useful, but
several issues such as difficult learning procesd mferior ergonomics
compared to TP suggest that touchscreen shouldb@otised as a single
available input device for Remote View.

Users will rate haptic feedback on touchscreen tpady? Clickable
touchscreen functionality was very useful for R\s@de and was also used in
TS1 mode by some participants. It can be saiddlekable TS is favourable
for some users and it does not produce negatieetsffor the rest. However,
conclusive evidence about usefulness of clickal8ea$ a standalone feature of
TS interface can not be shown by the results optheent study.

Additional findings.Along with the main results which addressed th&roajectives
of this thesis, we found several other notewortimgihgs. For example, we found
evidence which supports the usefulness of touchmatbuchscreen GUI navigation.
We could confirm that high acceptance and usahsitgchievable even for interfaces
that are much less efficient than TS — without campsing flexibility of TS
interface. And we presented our notes and obsensthat could not be confirmed,
but may be valuable for initiating further reseairthVIS safety.

Finally, because various interfaces have theingttes and weaknesses we see hybrid
interfaces as the most appropriate solution foiSIWiteraction. Redundant controls
for the same IVIS offer the freedom of choice ahdréfore satisfy the greatest
number of users. For example the Remote View tsipsallows to use simple, fast
and direct touchscreen interface while waitingddraffic light and then comfortably
operating the same GUI using touchpad with headisgay while driving.
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Appendix 1 — Preliminary Remote View specification

1. Definition

1.1. Remote View (RV) is an in vehicle HMI element omftionality that
enhances safety by partially (or fully) displayingultifunctional graphics
user interface (GUI) on a distant display devicat ik more safe to look at
than the primary GUI display.

1.2. RV is meant to be controlled from Touch Screen (@SJouch Pad (TP)
and therefore is most suitable for TS GUI, but also be adapted to HMIs
with alternative input methods.

1.3. An example of HMI with RV is shown in Figure 1:

1.3.1. Head Up Display (HUD) - the main display device f&V
functionality.

1.3.2. Instrument Cluster (CL) — one of the possible akive locations for
RV display, for example, when HUD is not fitted.

1.3.3. Touch Screen (TS) — primary display device for ifwictional GUI
that is also an input device both for regular T&eraction and for
controlling RV.

1.3.4. Touch Pad (TP) — alternative or additional inputice for controlling
RV and possibly also the primary display device.

Figure 1 Example of Remote View input-output hamveztup.

2. Purpose

2.1. Use of RV is likely to significantly improve safetgompared to use of
regular TS while driving by enabling efficient uskperipheral vision during
interaction (experimental results not yet availab®010.04.16).

2.2. RV has the potential of enhancing customer expeeehy offering
intuitive and innovative feature in addition to mery in vehicle HMI for
small or no added cost.
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2.3. Features of RV such as snapping to buttons [4.dyiew of button
functions [4.8.3] and absence of the problem ofédns covering GUI have
the potential to further reduce mental workloadnmify pointing and
facilitate user satisfaction with in vehicle HMI.

3. Interaction principle

3.1. Figure 2 shows the schematic view of basic intewagbrinciple with TP

or TS surface when using RV together with HUD dagpl

3.1.1. In stand-by mode HUD is used for other functionggelated to RV.

3.1.2. When user holds the finger on top of the touch as&f[4.6] RV
functionality automatically appears on the HUD, why part of the
main GUI focused according to absolute finger posit

3.1.3. By moving finger on a surface user pans the foéuseoRV.

3.1.4. To execute highlighted GUI button user performsrdhaick” [4.1] or
taps on the same point where the finger was pgntirstep 3 [4.2].

S N

S ‘ Image appears ™ o

according to position

Panning view & \L_—:_r al Hard click to TL,—‘-_\ | '

snapping to buttons ' execute command |

Figure 2 Basic interaction principle of Remote Vimuctionality.

4. Specification

4.1. Hard click — To execute command in RV mode that correspamdsgle
click in a TS interface user applies more than efieéd force on the touch
surface [1.2] that can be sensed in 2 ways:

4.1.1. Pressure sensitive touch surface — by measurinigciopressure/force
the hard click is registered when pressure exceposdefined
comfortable value that can be user adjustable.

4.1.2. Physical displacement — the touch surface can bentad on a
mechanism that permits lateral displacement undegrein force. The
hard click can be measured by an electrical switsblenoid,
potentiometer or other sensor. In some cases theton force can be
user adjustable (user testing necessary 2010.04.16)
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4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

100

Tapping — Alternative method for single click registerialgvays available
to the user is lifting the finger and shortly piagson the touch surface in the
same spot as highlighted before. To improve precjsthe tapping zone
around focused GUI element could be scaled biggetver up to 50% of
surrounding neighbour elements’ surface (usenmtgstecessary 2010.04.16).

Thumb button — 39 option for single click registering could be a aegte
button(s) next to touch surface that allows to quenf click with a thumb or
another finger while highlighting target controltivione finger on the touch
surface.

Second finger click— 4" option for single click registering could be tagin
with a second finger in any place of the touch aefwhile highlighting
target control with one finger on the touch surfatlis feature requires
multitouch surface.

Shared TS input— RV is to be designed so that it permits mosramtion
cases [5.x] with regular TS interface without ifdéeence while also
automatically activating and controlling RV functality in an intuitive way.

RV activation — When user touches the touch surface the followsiegs
apply:
4.6.1. First 0.1s is a delay time.
4.6.2. Next until 0.3s the RV image fades in into the &ggHUD).
4.6.3. After 0.3s RV in fully initialized, but if user ietrupts touch during the
initial 0.3s, RV immediately closes down.
4.6.4. The timing and delays can be user adjustable.

RV auto-hiding — RV starts fading out and closes 1.5s after dlsé time
user released the touch surface(s). The delay gt@utiser adjustable within
a range of 0.5 to 5 seconds.

Display considerations requirements for RV visual presentation:

4.8.1. Safety information — RV image should never prevent driver from
viewing safety critical information on a given diap device. Example —
part of the HUD always shows speed, navigationrucsbns and
warnings in parallel to RV image.

4.8.2. Dedicated input field— Where user is expected to enter typed data, the
upper part of RV image always shows static inpatdfiext box that
correlates to the input field in the main GUI.

4.8.3. Preview of input — When typing, dedicated input field should prewie

highlighted key function (example, hovering over’ “Bey displays

number “3” as a last item in the entry field).
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4.8.4. Snapping — The image on the RV should snap/center on the
meaningful controls/buttons in order to reduce reféd pointing and fine
adjustments.

4.8.5. Focus zoom-— the option/button in focus should display hover
highlighting and get enlarged in comparison to ithst of the controls
visible in RV. (The focus zoom is set in relatienglobal RV zoom, but
the amount is not yet defined 2010.04.16).

4.8.6. Zoom — Using pinch gesture on touch surface could zaam GUI
image on the RV to enable comfortable zoom/amodininfermation
balance for individual user. Permanent zoom led@gisiment should be
an option in the settings.

4.9. Lock-In — Special feature to increase efficiency of R\erattion when
navigating lists, performing continuous adjustmeotsother functions. In
Lock-In mode standard GUI is replaced or limited docertain static
image/sub-GUI of fixed size that is more suitalie performing necessary
action. The RV Zoom [4.8.6] is disabled in Lock-mode. It can be
implemented in 1 out of 2 possible ways. (possisber could have and
option to select between Lock-In methods):

4.9.1. Double-click Lock-In — By double-clicking on the control’s area or
title-bar [4.11.4] zooms into the Lock-In mode. Amer double-click
Locks-out. Also after RV auto-hide Lock-In modeeset.

4.9.2. Automatic Lock-In — When user pans the focus into Lock-In area,
GUI automatically zooms into Lock-In mode. It mag hecessary to
show cursor while in Auto Lock-In. When cursor thas the edge of the
Auto Lock-In window it automatically Locks-out. Adsafter RV auto-
hide Lock-In mode is reset. (More evaluation neetedonfirm validity
of this option 2010.04.16)

4.9.3. No Lock-In (applies only if Auto Lock-In is not used) — WhBRV is
focused over pan-able list/map the panning-flippgesgtures are active,
therefore panning of RV focus window is disabled.r&-gain the control
over RV focus user needs to hold the finger in poiat for 0.5s and the
panning motion switches to RV. On transition theeso could show
“water surface ripple” effect around the fingerhighlight the change of
mode. Lifting the finger instantly returns to ddfalist/map panning
mode.

4.10. Hardware considerations — Requirements for hardmapementation:

4.10.1.Colour display — The RV display must reproduce high quality colou
image comparable to the primary GUI display.

4.10.2.Proportions — Input devices that use absolute positioning ieiahip
to main GUI must have the same proportions as thi@ @Ul. The RV
display size and proportions are not regulated.

4.10.3.Relative mode— Touch Pad or similar input device could be used i
relative pointing mode instead of normal absolutedenr In case of
relative input the RV moves/focuses corresponding thie finger
movement in relation to previous focus point. Re&amode allows use
of small touch surface without limitation in progions [4.10.2]. (The
usability needs to be tested 2010.04.16)
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4.11. GUI design optimizations — To ensure best RV penfoice, the main GUI

should have:

4.11.1.RV indicator — GUI should have an indicator (for example, pop-up
button in the corner) that signals that RV is aetand a click on such
button should toggle RV to stay visible even aftgeasing the touch
surface(s).

4.11.2.No spaces— GUI button arrays (buttons positioned togettsdmpuld
not have inactive spaces in-between one anothermrgins/padding
should be purely visual/cosmetic.

4.11.3.Limited “hold to activate” — GUI should not use delay/continuous
hold input for activating pop-up functions (for exple, pie-menu [5.5]
and switching states [5.3]) on top of the pan-aBldl elements (for
example lists, maps). Instead pop-up functionscttel accessed after a
click on a target.

4.11.4.Content blocks— Some features such as “Lock-In" [4.9] benefitniro
clear distinction of areas on the GUI. Example e plart of the screen
containing pan-able list or continuous adjustmesrito| could have a
frame/own cell around it to allow more efficient R@cusing on such
content.

4.12. Additional feedback — Multimodal feedback to enhance RV performance

4.12.1.Audio — Sound cues for Snapping focus change, ts@teand other
features could be implemented and offered as asadectable option.

4.12.2 Voice — Pronunciation of highlighted letter/numbehile typing or
reading aloud using text to speech (TTS) in otlpgr@priate cases could
be implemented and offered as a user selectahil@nopt

4.12.3 Haptic — Vibration or texture change feedback cobkl used to
enhance pointing and user experience.

5. Specific cases

This chapter describes the relation between difteneteraction methods in a TS
interface and the corresponding control using Rerwa¢éw according to 4.5.

Regular TS interaction RV interaction
5.1. Single click
(Pressing on ‘buttons”, selecting list items,
etc.) There are 4 alternatives for single clicking

while in RV mode:
a) Tapping [4.2] (same as Regular short

a) Regular short press (button executed press).
when finger is released — “mouse-up”, but | b) “Hard click” [4.1].
not when first touch registered). c) Thumb button [4.3] (if button fitted).
b) “Hard click” can also be used [4.1]. d) Second finger click [4.4] (if multitouch).
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5.2.Double click
(Increasing zoom in maps, etc.)

a) All the same options as for Single click,
only clicking twice in rapid succession.

Double click is also used to Lock-In [4.9.1],
but that should never interfere with regular TS
GUL.

a) The same asin TS mode.

5.3.Click and drag
(Rearranging shortcuts, selecting text, etc.)

a) (Incompatible with RV! Use 5.3b instead)
Holding a finger in one spot for a few
seconds to activate drag mode (iPhone
way). Then freely dragging everything you
touch.

b) Holding a finger to enter RV mode [4.6],
then together with RV indicator [4.11.1] a
toggling button should pop-up to enter
drag mode. If pressed — RV is deactivated
and drag mode (as in 5.3a) is enabled on
TS.

‘Click and drag” is used for visually
demanding tasks that are not recommended
for use while driving, therefore full support in
RV mode is not necessary.

Drag mode [5.3b] which is displayed only on
TS should be an efficient substitute to pure
iPhone interaction remake [5.3a].

5.4.Click to unfold menu

(Menu that pops-out on click and hides away
when menu item is selected or menu icon is
clicked again)

RV should not interfere with such interaction —
any Single click action can be used to
unfold/fold menu and also selecting menu
items.

5.5. Pie menu (marking menu)

(pop-up menu next or around the finger with
additional buttons, hides on next click)

a) (Not recommended. Use 5.5b instead)
Holding a finger in one spot for a few
seconds to activate pie menu.

Additional options (pie menu options) appear
after the first Single click on selected item.

Time delay activated marking menus [5.5a]
are not very convenient (the principal
problems are: time delay until pop-up,
unintended activation, no interface cues -
confusing), therefore method 5.5b should be a
better solution and it is fully compatible with
RV.
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5.6. Pan-flip view (1 finger)

(Scrolling lists, panning map view, continuous
adjustments including with or  without
momentum)

a) Regular dragging/flipping of finger over
active area within GUI.

There is Lock-In mode [4.9] for RV to make
pan-flip action more efficient.

a) Otherwise No Lock-In 4.9.3 condition
applies:

1.User can drag the focus point over pan-flip
area and exit it without affecting pan-flip.

2.1f user releases finger while focus point (RV
center) is above pan-view area the next
touch will be considered panning-flipping
action.

3.To regain control over RV focus, user holds
the finger in one spot according to 4.9.3.

5.7. Multitouch gestures
(any 2 or more finger interaction elements)

RV should not interfere with such interaction —
any multitouch gesture works together with
RV.

5.8. Proximity controlled GUI

elements

(GUI elements that pop-up or become opaque
when user’s hand closes in on TS and
controls)

RV might need additional proximity sensing
for every touch input device [1.3.4], otherwise
no special requirements.

5.9. Fingertip writing

(Using part of the TS for writing stroke
recognition from fingertip)

Fingertip writing in relation to RV should be
treated exactly as Pan-flip view [5.6].

Therefore writing is fully supported by RV.
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Appendix 2 — Remote View test procedure script

(based on:"Studie: Placering av touch screen”)
Sergejs Dombrovskis, Chalmers Automotive Eng.

2010-07-22

1. Purpose

The study aims to test the potential of a propésah new HMI feature that brings

together HeadUpDisplay (HUD) and TouchScreen (B8hultaneously with Remote

View trials experiment will evaluate 5 selectionthas, 2 pointing devices and 2
display positions. Experiment is focused on secondiask safety, acceptance and
usability of the new HMI hardware. The project ipat of a Master’s thesis work in

Automotive Engineering.

2. Expected results

Concept development:

e Fully functional Study prototype. Suitable for damstration purposes and
R&D.

* Preliminary specification of Remote View based @ cases, experiment
results and experience from prototype implemermatio

Safety data:

 Comprehensive analysis of the safety benefit froramBe View in
comparison to touchscreen.
e Logged data from FOT car.

User acceptance data:

e Summary on findings and observations.

 Data from Van der Laan’s acceptance scale (recometerby Humanist
project).

* Answers to open-ended interview questions.

Usability data:

* Summary on potential problems and important aspE#d®/ usability.

e SystemUsabilityScale score (Brooke quest. — recamiet by Humanist
project).

* Answers to open-ended interview questions.

* Logged data and video recordings from FOT car.
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3. Method

Description:

» Driving experiment in real traffic using instrumedt EuroFOT car and PC
based HMI prototype.

Participants

e 20-25 employees of VCC.

* Gender balance: preferably 50% female, 50% male.

» Driving experience: preferably license for > 5 yeand drive regularly.

e Touchscreen experience: 50% use iPhone, Androidoanparable device,
50% other.

* Age: no specific requirement (25 - 60).

Test hardware:

* Test-bed: EuroFOT 102 car Volvo XC70 (PSP478), moedl with:

o CAN logger.

0 4 video cameras.

o FCW-ACC radar and vision system.
0 LDW vision system.

o SmartEye eye tracker.

HMI platform: Laptop from Lindholmen’s Optive simatbr — “Cluster OAL-

CLIO17”

e Clickable Touchpad (TP): Cirque Easy Cat USB toachp Custom
“clickability” by placing 4 buttons underneath thare connected to
RightMouseButton. Capacitive, no multitouch supp@rardware buttons.

* Clickable TS: 7" capacitive widescreen touchscrigem development kit by
Touch International (VGA 1024x768, no multitoucl®ustom “clickability”
by placing 5 buttons underneath the screen that @enected to
RightMouseButton. Custom flexible screen fixture thwipalmrest, sun
protection hood and screen border frame. Metalifexframe for XC70 from
“Placering av touch screen” study.

* HUD: Custom cardboard mirror holder over 7" widestr monitor (VGA
1024x768). Capable of displaying 640x480 mirroredgm Assembly is
placed on top of dashboard as far as possible uhdevindscreen.

e Additional videocard: Chinese USB-VGA adapter.

* Router: wireless Apple Airport Express router fostablishing dummy
network connection.

« 1 USB hub.

* Power connections: three 220V power outlets andanftitional 12V power
socket for HUD screen.
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Test software:

e TS HMI program: “RV test MAIN.exe” (heavily modifte Optive HMI
program)

* HUD program: “RV test HUD.exe” (Remote View videeceiver for RV test
MAIN)

e UDP setup: “UDP_installer_V2.1.exe” (should be atisid once)

* UDP logger: “WireShark1.2.8” (freeware program usedog RV test data
stream)

+ MatLab scripts and Excel data processing sheets.

Display positions:

e TS: high position — about 19° down from horizon.

e HUD: partially covering windscreen — Installed ap tof dashboard, close to
normal road view ahead.

Test interfaces and tasks:

* TS — Reference regular touchscreen interaction Y &88d also touchpad input
with image on TS (TS2). HUD not used. TS selectgrntapping (similar to
normal TS) and pressing-in. Touchpad selection dppihg, pressing-in or
using any of the buttons.

o Scrollable list selection — Select MP3 track (supgppanning, flipping
and dragging by position indicator)

o ABC keyboard entry — input of destination.

0 123 num-pad entry — dialing a number

o Continuous adjustments — adjusting 4 sound equaltiaes (supports
dragging of sliders with snapping support)

* RVs - Remote View concept with Static HUD imagee HiJD is always ON
and displays full redundant image from TS with abideund “spotlight”
pointer. Input devices and selection methods theesas for TS case.

o Scrollable list selection — Select MP3 track (saséor TS)

0 ABC keyboard entry — input of destination.

0 123 num-pad entry — dialing a number.

o Continuous adjustments — adjusting 4 sound equatiaes (same as
for TS).

* RVd - Remote View concept with Dynamic HUD imageeTHUD is always
ON, shows round “spotlight” pointer but RV imagezgomed-in portion of
the complete TS GUI. RVd image is panned by drag§mger on TS surface
and in addition snaps to relevant on-screen objefti® also features position
indicator in the upper right corner to facilitatavigation. Input devices and
selection methods the same as for TS case.

o Scrollable list selection — Select MP3 track (sawdor TS + snapping
to centerline)
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o ABC keyboard entry — input of destination. (hag&:static input field
with button preview and snapping to all buttons)

o 123 num-pad entry — dialing a number. (has exatcsinput field with
button preview and snapping to all buttons)

o Continuous adjustments — adjusting 4 sound equaltiaes (same as
for TS + snapping to centerline)

Driving situation characteristics:

« Road context — Highway with separating barrier dhe lanes in each
direction.

e Infrastructure — Some moderate bends and inclinai@nges along the road.

e Local driving goal — Driving forward at a comfortabpace or behind the
vehicle up front without changing lanes.

* Weather — Good visibility conditions, summer, prafdy dry and overcast.

» Lighting — daylight conditions, preferably no ditestinlight.

» External events — none.

Test route:

» PVE visitor parking — E6 (over Alvsborgsbron bridige
0 Driving training

* Highway — E6 in Malmd direction (North)
o 3 interface tests with TS input (when finished,dfia place to turn
around)

* Highway — E6 back to G6teborg (South direction)
o 3interface tests with TP input

» Astra Zenica exit — PVE visitor parking (road back/CC)
0 Interview
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3.1. Collected data

Measure

Source of data

Synchronization data — data on curr
interface, task, subtask and test per
ID

eiliime-stamped data from UDP logger
son

Task completion time

Time-stamped data from UDRyéog

Percent road center during task
fraction of the time looking ahead on t
road while interacting with infotainmel
HMI.

hibgger.
nt

SmartEye eye-tracker data from F(

DT

Lateral control:

Standard deviation of
(SDLP)

lane positi

Count of LDW events

Steering wheel reversal rate

logger.

LDW data from FOT logger.

logger.

phane tracker camera data from F(

Steering wheel angle data from F(

DT

DT

Subjective metrics:
SystemUsabilityScale score (Brooke)

Van der Laan’s acceptance scale

Open-ended interview questions

Final questionnaire.

Final questionnaire.

leader.

Interview form filled by experimen

Participant information

Final questionnaire.

Supplementary data — weather 4
traffic conditions, notes, comments, et

cleader.

iridterview  form  filled by experimen
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4. Procedure script

1. (Preparation before experiment)
a. Preparing HMI setup

— Start the engine

— Start 220V converter in the boot

— Turn on HMI laptop(the following sequence is crucial!)

— Plug in HUD VGA cable into laptop’s VGA out “3nonitor.

— Plug in USB video card into LOWER USB port on Igptflrouchscreen
should be connected to USB video card“nonitor)

— Plug in USB hub in to HIGHER USB port on laptop (dot interchange
USB plug positions. Hub has 3 devices connecteauehiscreen, touchpad
and touchscreen’s physical buttons.)

— Check that all 3 screens are enabled in displagepties (“Utdka Windows
skrivbordet till denna bildskarm”). And select “Adavd den har enheten som
primar bildskarm” for touchscreen"monitor).

— Check that RV_settings.ini file has the IP addresshe connected router
(otherwise you will get a script error in “RV tept”

— Check that in USB touchpad driver all sounds, $cohes and unused
functions are disabled. Right mouse button mustdbéo work as left mouse
button. Double-tapping should be set to slow spéaldi.presses on USB
touchpad work as left mouse button)

— Check that touching the TS works as left mouseobudind pressing into the
touchscreen opens right mouse submenu on Desktop.

— (In case of problems — disconnect problematic irgmwice; switch primary
screen to % and back to %, if necessary also restart computer and check if
any button is permanently depressed. Extra measuamove all mouse
devices from device manager and make windows aetiectl them once
again)

b. Startup

— Start GPS to Kode, turn off navigator’s sound.

— Prepare Questionnaire sheets for filling in.

— Establish network connection between laptop anteran the car.

— Start HMI program: “RV test MAIN.exe” and press &8 (switches to 8
monitor)

— Start HUD program: “RV test HUD.exe” and press €rswitches to
monitor)

— Start UDP logger: “WireShark1.2.8"afkgin capturing UDP data

2. Introduction
a. Welcome
— Note the sessiostart time from Laptop’s clock
— Hello and welcome to the study
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b. General information

— To begin with I will tell you about this study awtat are we going to do.

— In this study we want to test the potential of @eai for future infotainment.
You will try using Remote View concept that is dd-an feature to any
regular touchscreen interface. Remote View willoall you to use
touchscreen while looking at the screen in frongai.

— The experiment is focused on secondary task sa#styeptance and
usability of the new Remote View hardware and adgon The study
prototype you see here is just for experimentappses and was developed
as a part of a Master’s thesis project. The actomanu content, text and
design of the software you will use is not impartm this hardware and
interaction method study.

— We will begin with training and getting familiar thithe interface while the
car is parked. Afterwards, when you are ready wd waiive out to
Hisingsleden where we will log the experimentakgess. In total you will
use 3 interfaces 2 times each while driving on djsieden and EG6. | will
explain more about driving part after the training.

— The complete experiment session will take abowiL2sh

c. The car and measures

— This car is a EuroFOT car equipped with loggingteys that records most
car data including for example steering wheel angleeed, GPS position
and much more. As well there are 4 video cameras ricord the road
ahead and partially what we do inside. Eye tradkefront of you will track
the eye movement.

— This car is equipped with are all current Volvo'stige and passive safety
systems for maximum comfort during the study.

— After the driving | will ask you some questions g you a questionnaire
to fill in personally.

— Surely all data will be used anonymously and mogtt for statistical
analysis.

d. Possibility to quit
— Be aware that you have a right to stop, interrupti @uit this experiment at
any moment. You are free to drop the tasks for egson without
explanation. Just say “lI want to stop” or “jag vilavbryta” and we can
return back to VCC.

e. No spreading of information before the end of study
— Important note, we want you not to talk about whate you seen, done or
even what is your opinion about the prototype and\sitself to people who
will take part in this study afterwards. It is immpant that everyone has the
same information before testing otherwise the teswill be corrupted.
— As well the prototype you will use here has beeplieg for patent and is
considered secret.
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f. Questions

Do you have any questions before training? We vaille one more briefing
before driving.

3. Stationary training
a. Adjust seating position

Before we start with HMI, you could adjust the seatl steering wheel so
that you are comfortable for a longer drive(For eye-tracker to be more
reliable steering wheel should be set as low asipesand seat should
preferably be set higher)

b. Touchscreen introduction

First you will try a simple touchscreen. Just felldhe instructions on the
screen and later | will explain more about the haede we have her&.he
purpose of using TS is to have a proper compatigothe new interfaces.
(explain while participant is using TS, actively&s in learning all features)
Explain all details about TS interface includinguh methods available and
offer to try everything. Do not mention details ab&V or TP yet.

Check that person has read all texts and trieéallires and therfiime the
last run using “Training (logged)” mode.

Now before we move on, please let's go throughh®sereen training once
again only this time without interruptions, as ddycas you would during
testing. You can use only touchscreen for this task

c. Remote View accessibility and training

For every odd participant Nr. Start with RYs every even Nr. — start with
RVd. Time the first run using “Training (logged)” mode. The first 8
participants tried input from TS but the rest sklotrly RV together with
TouchPad input only.

Now | will launch the training in the Remote Viewoda. The main
difference is that you will have an image from tmareen right in front of
you, above the instrument cluster. Before | exphamu the details and
answer all your questions, first you go trough tleenplete training yourself.
You should attempt to be as efficient as you judtvdth touchscreen.
Remember to try using only the remote screen.

Write down comments and impressions for first tusage

After the logged run assist in trainirgexplain features and help using the
first RV interface.

After the first try explain all the hardware, indlag the input methods
available and offer to try everything.

Now we will also try the second variant of RV ifdee. This one has [static
or dynamic] image in the remote screen(Explain and help using the
second RV interface).

4. Briefing before driving
a. Driving introduction

112

Now we move on to the driving part. | will explainout training and actual
experiments as well as we have a consent formgio Isefore we begin
driving.
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— Give the consent form to the participant already.no

b. Driving details
— Now we will drive out towards E6 in the Malm¢6 diren. We are going
over the Alvsborgsbron bridge and past Frolundagtdduring experiment
we will have 6 test runs — every screen togethér ewery input device. All
the testing will be n E6 so you will have enougfetto practice on the way.
— | will guide you where to drive therefore you don&ve to worry about the
road.

c. Possibility to choose and quit
— You have the possibility to skip any of the intsgfahat you are not
comfortable with. We already know that some ofitierfaces are bad, but
we still want to collect the data on exactly Howdliaey are so that there is
a proof that these interfaces are not worth consideever again. Of course
you can still quit the complete experiment and metio VCC without any
guestions asked.

d. Safe driving

— When you will be driving, please drive as you asedito. There will be no
traffic lights or turns and during experiment yduwosild stay in the first lane
at a comfortable distance from the vehicle aheanh ¥hould concentrate on
safe driving spending as much time to perform tasks as yonk tis
appropriate. In this study you represent an ordinairiver that could be
willingly using infotainment system in his/her car.

— This is not a test of your abilities. We are memllecting data on relative
performance among interfaces. If something is maigright, it is_very well
acceptedand you should continue as necessary until the skstaare
complete.

e. Questions

— Do you have any questions before we start? Thiseidast briefing. After we
start driving, unless we need to, we do not hayepanned breaks.

— 1 you don’t have any questions, please sign theseginform and we can
begin training on the move when you are ready. Cagagn, you can quit
the experiment at any moment without explanation.

— Once again check UDP logger: “WireShark1.2.8” @aagrything is running
fine.

5. On the move
a. Driving training
— Note the time it takes to make a training loop. iKéeck that training is
within 1 hour from the beginning of test sessianetface order in training is
free.
— On the way to E6 we have the time for training. réhis no specific
sequence or requirements during training, but | gegj you try out
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everything and concentrate on the things that heerhost complicated. You
should try to get confident with all interfaces.

The experiment

— Note the experimersdtart time from Laptop’s clock.

— Select the upcoming experiment following the Segiren table. Always
keep the next test preselected, so that user sartljok once to start when
ready.

— Fill in the notes on the form.

— If participant accepts, you can start intervieweatty on the way to Volvo
after last scenario.

6. After driving

a.

114

Save the WireShark resultsin the raw data folder writing down TP Nr. as
filename.

Interview — go through all questions, write dowrs\aars. (the form is attached)

Questionnaire — let the participant fill in therfar(the form is attached)

. Note the experimergnd time from Laptop’s clock.

If you leave the car #rn off 220V power converter in the boot and shut down
laptop.

CHALMERS, Applied MechanicsMaster’s Thesis 2010:56



HMI thesis material — RV test - Procedure script 2010-07 page: 9-(13)

5. Notes and Interview questionnaire (filled in by experiment leader)

TestPerson Nr: (2010-06- )

Timing;

Session start:

Driving training start:
Experiment route start:
Session end:

Notes:

1. Comments & impressions
for first time usage of

RV. RVs.
2. Driving conditions:

e Weather,

s Lighting.

3. Participant comments
during session.

4. Additional notes.

Interview questions:
What is your overall opirnion about the Remote View concept?

Rank the concepts, which are the most promising in your opinion (TS, RVs, RV):
L. 2, 3,

Do vou think that you could perform even better if you had more training?
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HMI thesis material — RV test - Procedure scriptl00619 page: 11-(14)

6. Individual questionnaire (filled in by participant)

TestPerson Nr: (2010-06- )
1. Age:

2. Man:[] Woman:[]

3. How do you feel after driving?

Bad [ | ] ] ] [l Good

4. How did you feel before driving?

Bad [] J J O 1 Good
If you didn't feel good, how did that affect your driving?

5. Rate your awareness of the forward road while using:

Dynamic Remote View:

Low [0 O O O [O High

Static Remote View:

tew [1 [O 0O O O High

Touch Screen only:

tew [1 [0 [O [O [O High
6. Did you like/use the following selection methods:

Tapping on Touch Pad:
Notatall [ J J O O] Very useful

Buttons Next te Touch Pad:
Notatall [ J J O 1 Very usefut

Clickable Touch Pad —button under touchpad:
Notatall [ ] ] ] [l Very usefut

Clickable Touch Screen — button under touchscreen:
Notatall [ ] ] ] [l Very usefut

Tapping on Touch Screen:
Notatall [ ] ] ] 1 Very usefut

7. What do you prefer when using:

Simple menu: ] Touch Screen 1 Both [ Touch Pad
MP3 list: ] Touch Screen ] Both [] Touch Pad
Keyboard: ] Touch Screen 1 Both [ Touch Pad
Keypad: ] Touch Screen [| Both [] Touch Pad
Sound settings: ] Touch Screen 1 Both [ Touch Pad
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HMI thesis material — RV test - Procedure script1 00619 page: 12-(14)

8. | would like the following HMI features in my next car (in addition to other features):

Dynamic Remote View (HUD): [ Ne ] Maybe [] Yes
Static Remote View (HUD): ] No ] Maybe [] Yes
Touch Pad (no buttons): 1 No ] Maybe [ Yes
Touch Pad with buttons: 1 No ] Maybe [ Yes
Clickable Touch Pad: 1 No ] Maybe [ Yes
Touch Screen: 1 No ] Maybe [ Yes
Clickable Touch Screen: 1 No ] Maybe [ Yes

9. | think the following concepts are worth to investigate further:

Remote View (in general): ] No ] Maybe [] Yes
Touch Pad (no buttons): ] Ne ] Maybe [] Yes
Touch Pad with buttons: 1 No ] Maybe [ Yes
Clickable Touch Pad: 1 No ] Maybe [ Yes
Clickable Touch Screen: 1 No ] Maybe [ Yes

10. Did screen visibility problems affect your performance?
Yes (poor visibility) [ J J O 1 No (perfect visibility)

11. Did you find “Remote View position indicator” useful? {used in Dynamic Remote View)
Notatall [ J J O ] Yes, itwas helpful

12. Were you informed about Remote View concept before experiment session?
a Yes, tried it previously
b. Attended concept presentation or have seen it before
¢. No - Only minimal explanation

13. How interested are you in new digital technologies?
a. Very — wish to have everything latest and best.
b. Moderately — buy things when | am sure they are useful.
c. Somewhat — buy new things when | need to.
d. Not at all — wish everything was the same as before.

14. Do you own and use iPhone or another comparable touchscreen device?
a. Yes, daily
b. Yes, sometimes
c. No, but | have tried
d. Mo, not interested or | don't like such devices.

15. Do you use Touch Pad on your computers?
a. Yes, daily
b. Yes, sometimes
c. No, but | have tried
d. No, always use another pointing device.

16. How good is your eyesight — how well can you read in car (with driving glasses on)?
Bad (difficult to see text) [ ] J J O 1 Good
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Appendix 3 — Information and consent form

HMI test-driving experiment:

Participant information sheet and
Consent form.

Purpose of this study — The study aims to
test the potential of a proposal for a new HMI
feature that brings together HeadUpDisplay
and TouchScreen. If successful, the proposal
can be patented by VCC and developed
further. Testing is focused on secondary task
safety, acceptance and usability of the new
HMI hardware.

The experiment — As a participant you will try out 4 variants of the new HM| proposal as
well as comparable touchscreen interface. Testing is on public roads near VCC. Car used
will be an FOT instrumented car with standard active safety systems. User interface is
based on HMI from Optive experiments but with many improvements. Tasks will be:
dialing a number, MP3 track selection, sound settings and entering a destination. You will
have time for practice both on a road and stationary. After the experiment you will be
asked to fill in a questionnaire about your impressions. The collected data will be used for
statistical analysis and possibly anonymous examples.

Time required — The entire experiment will take 1.5 — 2 hours.

As an informed participant of this experiment, | understand that:

1. My participation is voluntary and | may cease to take part in this experiment at any
time, without penalty.

| am aware of what my participation involves.

| will be driving safely, according to the traffic rules and my own driving habits.
All my guestions about the study have been satisfactorily answered.
Everything | see or do in the test car is confidential — for internal VCC use only.

S

| have read and understocd the above, and give consent to participate.

Participant’s Signature:

Date: Thank youl

| have explained the above and answered all questions asked by the participant

Researchet’s Sighature:
Date:

For additional information before or after the experiment contact Sergejs Dombrovskis:
Tel: 000 000000 E-mail:
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Appendix 4 — Comments and Notes from
guestionnaires

2010-06-29

1. Key information and abbreviations

RV test setup consisted of:
e 2 inputdevices: TouchScreen (TS) and TouchPad (TP);
* 3 output views: TouchScreen, Dynamic Remote View (RVd) and Static RV
(RVs).
The 6 resulting combinations which were tested separately were:
¢ RVd1 - Dynamic RV with TouchScreen input;
* RVd2 - Dynamic RV with TouchPad input;
* RVs1 - Static RV with TouchScreen input;
* RVs2 - Static RV with TouchPad input;
e TS1 - Regular TouchScreen;
e TS2 - TS used with TouchPad input.
The 2 input devices provided 5 different selection methods:
* Tapping on TouchPad;
Buttons Next to TouchPad;
Clickable TouchPad -button under touchpad;
Clickable TouchScreen - button under touchscreen;
* Tapping on TouchScreen.
Number in square brackets after a note or comment indicates TestPerson
number.

Clickable TouchScreen did not work for the first 4 participants. It also never
worked in MP3 list and was unreliable when dragging Sound Settings sliders.

2. Comments & Notes during the first time usage of ¢dvicepts

RVd1 | - Couldn’t understand the idea of tracking finger on surface [2]

- Failed to get trough all task by himself [2]

+ No problems - quick, but with many tries and some difficulties [4]

- Tried using TS as it would be TP [6]

* himself started using clickable TS function, used scrolling marker in MP3 [6]
+ Got through fine, “took time to get used to” [8]

RVd2 | - feels like “cone football” (wearing disorienting blinds) [10]

++ was good and even used double-tap to drag objects with TP [12, 22]
* did not use buttons, only basic tapping [14]

* did not start using TP button himself [18]

* noted rather too high TP sensitivity, would prefer slower pointer [20]
- [ don’t understand why it needs to be zoomed! [22]

RVs1 | * No comments [1]

-- Tried using TS as it would be TP [3, 5]

- tried TS clickability, had difficulty tapping on TS precisely, very frustrated[3]
- Feels kind of weird [5]
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* Scrolled MP3 list in opposite direction even after using it correctly on TS1 [5]
- [t is impossible, | have to look to TS to know (but in fact did manage) [7]

RVs2 | * slow quite inaccurate mouse operation [9]

+ no problems at all, went straight through [15]

- TS is faster and easier than this [15]

* did not understand to Hold mouse down for dragging objects [17]
* figured out button usage next to TP quickly [18, 21]

- RV feels awkward, I really don’t like it, it is so frustrating [21]

Only the first 8 participants tried RVd1 or RVs1, the rest started with RVdZ2 or RVsZ2.

3. Participant comments

RVd in | - Too annoying, flickering, confusing, complex [1]

general | + good for fine adjustments [1]

- Bad, no overview [3]

+ Quite intuitive, but takes time to learn new device [4]

- takes a lot of attention to use compared to RVs [4]

- [ don’t like that, it has too many directions, too jumpy [5]

- you have to actively navigate, not so good [6]

- too demanding [7]

+ not much worse than RVs [8]

- not good, requires to know the GUI layout [9]

- very bad to get used to, difficult to use, had visibility problems [10]

- more difficult, | would need to get paid extra for using RVd [11] (participant
refused to test RVd)

+ Close second to RVs. Could be 1st choice if there are more small details in
GUI RVd is not as enjoyable as RVs. [12]

- had hard time with it, MP3 selection in RVd mode is Bad. [13]

- needs a lot of concentration, static is more easy [14]

- is very confusing [15]

- too difficult to use [16]

- it is much more difficult to see only part of the screen [18]

+ could be useful in some cases, especially for younger generation [19]

- is very difficult, had to concentrate a lot [20]

- Hate RVd. It is extremely important to see the complete picture, even if the
picture is smaller [21]

- Not safe, takes too much attention [22]

RVsin | + can focus more on the road [1]

general | + nice in combination with TP [2]

+ with practice should become safer than TS [2]

* should be projected further away (less refocusing) Much better than RVd,
TP is much better than TS input for any RV mode. [3]

+ Quite intuitive, but takes time to learn new device [4]

+ Feel better, more comfortable, more safety, more control than in case of TS,
eyes on the road. RVs2 is the best [4]

+ a lot better when you drive [5]

- should be used only for certain tasks [7]

+ harder to get used to, but maybe you will appreciate it in the end [7]

+ RV screen is much better than looking down at TS [8]

+ RV is slower, but I would probably react quicker to traffic [8]

+ RV gives better view of the road, prefer RVs to RVd [9]

- Feels no difference between HUD or TS in road awareness [11]
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+ Really like HUD - it is easier to do something and drive [12]

+ RV is good to have. Felt as it was easier to control car, could use peripheral
vision [12]

+ good, allows for long glances - you can use peripheral vision. It does take
longer to read text on RVs, possibly because of contrast [13]

* enjoyed RVs more than RVd, but would want it bigger. Fonts could be bigger
or image size. [13]

+ it is really great to have information on the HUD, even though it is
harder to use, it is still less distracting. safe feeling [14]

- TS1 is the only good interface to use - quick glance at TS is better than a
long one on RV display [15]

- | am disappointed in HUD - I thought it would be helpful, but when looking
at HUD I don’t see anything, [ don’t see lane marking [15]

+ rather good together with TP [16]

+ the HUD screen position is better than TS position [17] (but prefers TS)

- still useful, but not sure it is worth it, could be costly [17]

+ HUD is an obvious advantage. The further the better. HUD image should be
wider, not necessarily higher. Even with not good eyesight RVs is good. [18]

+ HUD must be safer than any other. Especially liked RVs1 (but car control
was rather poor) [19]

+ very nice, felt a bit more control with RVs2 than in case of TS1, felt better
[20]

* RVs2 works, more relaxed [21]

- with HUD display I tend to feel safer than I actually are, it grabs attention
but actually isn’t so safe (was actually driving very relaxed and got 2 lane
departures during RVs2, but in TS1 and TS2 mode drove very nervously,
jerky, but within lane) [21]

+ it is very good to have, especially with proper HUD and on/off choice [22]

TS in + because of lack of experience in TS use, TS is more simple and therefore
general | safer [2]

+ like to see where I point [3]

* pleasant MP3 list control [4] (interface IS poorly optimized for TP)

+ very direct, straightforward [6]

+/- fast but loosing contact with the road [10]

- bad for weak or sick arms because of precise positioning required and
uncomfortable arm posture [11]

- I don't feel good touching the screen - you have fingerprints, nasty [12]

+ The only good interface to use [15]

* sweat affects friction on TS surface, that is annoying [15]

* TS was positioned in too good position - too close to driver [18]

* Long fingernails are difficult on capacitive TS, but better than on resistive.
TP is not affected, because it is under different angle. [18]

- even with good control over car you have to actively move back and forth to
glance at the road [20]

* clickable TS is very good [22]

+ TS2 feels more comfortable than RVs2, I look there then there - it does not
suck you in [22]

TP in + TP is more relaxing, comfortable than TS [1]

general | * button on TP is very important [1]

* buttons give reliable click response [2]

* is OK, but perhaps TP or trackball on steering wheel could be even better
than tested TP position [7]

*would be interesting to test other devices and TP on steering wheel [16]

- probably not as good as steering wheel buttons [17]
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+ TP has the best potential as a future input device. It needs multitouch,
fingertip writing, scroll zone and additional optimization. [18]

* TP should be bigger and positioned better [18]

* the sensitivity (speed) of TP should be adjustable [19, 20]

+ more comfortable [21]

+ I can rest my arm, I like it [22]

+ I like that I have both so I can choose. Sometimes it is good to use TP
(even for TS2), but TS is better to have in many tasks. TS + TP is the
optimum [22]

Input TS - TS better than TP [1]

for RV | TP - TP is much better than TS [2] Hate TS input, not safe [2]

TP - Refused to test RVs1 and RVd1 - too dangerous, bad and hopeless [3]

TP - TP better than TS [4]

TP - TS is bad for controlling RV, very tricky. TP is OK [7]

TP - Relative input is good, don’t like absolute on TS [8]

TP - would rather use TS as TP in RV modes [9]

TS - TS a bit better than TP, but not much [10]

TP - TP was quite nice - more ergonomic. TS input tired arm and was less
precise (but very good at using TS input too) [12]

TP - long-term interaction with TS is tiresome, TP is OK. Sometimes you
forget that TS is not a TP when controlling RV modes [13] (did use advanced
TS positioning in RV modes)

TP - TS is confusing, it is difficult to use TS input for RVs [14]

TP - my arm hurts from RVd1 (first exp., even when using support) [15]

TP - RVs together with TP is rather good [16]

TP - TP is much better than TS for RV control [17]

TP - absolute best input device [18]

TP - liked TS input and also TP (but bad driving with TS input) [19]

TP - incremental adjustment of pointer is important [20]

TP - really want to look at TS when trying to control RV from it! [21]

TP - RVs1 is not comfortable, bad input device choice [22]

Extra * Maybe zoomed view (RVd) can be selectively used together with RVs [1]
ideas - in all cases did not feel safe at all [4]

- there is no visual cue for dragged/not-dragged sound slider [7]

* Proximity sensing could be used to zoom into area where you want to
interact (zooming in fluently) to get bigger fonts/view [13]

* Using mouse pointer you can place point of interest closer together on a
map than if you use finger for pointing [18]

4. Additional Notes

Interface * Comfortable and quick with TS1 but not safe [2]

safety + Noticeably safer driving in RV mode [5]

- Many lane departures while using RVs1 and RVd1 [6]

+ Successfully used RVsl in stop&go traffic (20-60km/h) without
interrupting the task [8]

* Many people had noticeably worse car control when using TS for RV
mode input.

* Some people drove noticeably worse when using any of the RVd
modes.

* People may have different steering wheel grips while using certain
interface or simply on random that can affect steering behavior. [19]

* All people can make dangerous mistakes and drive unsafely after
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getting upset for some reason. The reason can be unexpected behavior
of the interface, after repeated unsuccessful attempts to perform task,
after noticing random mistype/mistake. Such dangerous driving has
little or nothing to do with the safety of the interface.

- Drove especially bad during RVd1 and RVd2, possibly due to cognitive
demand [20]

Interface * Many times tried to use clickable TS function [2] (it didn’t work back
notes then - buttons were not fixed)

- MP3 list was not easy (no iPhone experience) [2]

-- Person had problems with click detection delay on TS [2, 5]

* Started using hand support under TS after short time (tired) [4]

- TP position in test setup un-ergonomic.

* If person presses finger very flat on TS (in case of long fingernails) the
selection is very imprecise.

* All participants didn’t want to memorize tasks (red reminder).

* Most participants used clickable TS when controlling RV modes, but
some also in TS1 mode. Exceptions were for example TP15.

- Most participants tried using TS as TP when looking at remote screen,
even asking for switching TS to TP like operation if possible. [3, 5, 6, 13
and more]

* Most participants no doubt liked using TS1. Questions were
focused on RV modes and their usefulness therefore there are few
positive comments for TS noted.

* Most people like to drag scrolling marker in MP3 list for long distance
scrolling on TS1. Flipping of list is best for smaller distances. (TP can
not be evaluated due to poor interaction optimization)

Software * Sound settings sliders are too small to reliably catch on TouchScreen.
improvement Possible script error - clicking on very top/bottom of MP3 list
notes * In moving car it is often not very easy/reliable to press on a selected

item in a movable list (MP3) without slightly panning the list (may be
worth studying more it terms of optimizing click detection code)
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