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Abstract

Automated vehicle§AV) are expected to hietegrated into mixed traffic environments in the near future. As
human road users have established elaboratedation strategies to coordindbeir actions among each other
one challenge that Human Factors experts and vehicle designers are facing tamayd design AVs in a way
that they can safely and intuitively interact with ottraffic participans. This paper presenttesign
considerationshatareintendedio support AV designelis reducingthe complexity of the design space. The
design consideratioree basedn a literature reviewfa@wommon humaiuman inteaction strategied~our
categories oinformation are derived for the design consideratidhsformation about vehicldriving mode

2) information about AVs’ manoeuvre3) information about AVs’ perceptiaof the environmentand4)
information about AVs’ cooperation capabilitiés this paper, w apply the four categories to analyse existing
research studies afaffic participans’ needsluring interactionsvith AVs, andresults of the CityMobil2 project.
Fromthe CityMobil2project we present central results from fé@dace inteviews, an onsitesurvey and two
focus groups. To further support the AV designeesdescribe and rathfferent design options to present the
informationof the four categoriesncludingthedesign of the infrastructure, the vehicle shape, the vehicle

manoeuvres and thexternalHumarrMachine Interface (M) of the AV.

Keywords: Automated vehicles; interaction with otheaffic participans; desigrconsiderations

Vulnerable Road UsersxternaHMI
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1  Introduction

There is currently a strong desire by manufacturers to intraaiomatedvehicles (AVS) to the markésee the
roadmap of the European Road Transport Research Advisory C&RTIRAC 2017. These vehicles allow the
driver to hand over the complete dynamic driving task to the automatibe w€hicle (SAE 3 and higheSBAE
International 2016 Examples of this trend are the activities of all maghicle manufacturet® provide
automation functionalities for their passenger vehideslightly differentsolution for new forms of mobility
areAutomated Driving 8stem ADS)-dedicated vehicles€eSAE International 201por Automated Road
Transport System (ARTShhat provide bushuttle or robotaxiike services, operated completely driver|ess
especially for thdirst andlast mile of transport. In Europe, a number of active projects are cyrrentl
demonstrating and testing such systems, including the CityMobil2 pfojated by the European Commission
(http://www.citymobil2.ey Alessandrini etl. 2014, the GateWayprojectin the UK (https://gateway
project.org.uk the WEpod projedn the Netherlandshftp://wepods.coi andfirst applicationsn Germany

such as the test operation of automated shuttle busses from Deutsni{€&atders 201).

Both privately owned and public forms of A¥se likely to be deployed in mixed trafmvironmentsand
therefore, need to interact safely and efficiently with otredfic participans, includingconventionalmanually
driven vehicles, cyclistgnd pedestriand\s traffic participans, humans use multiple implicit cutesanticipate
the behaviour of vehicles on the road, sucthaspproacing speed of an oncoming vehictéther cues involve
explicit meansof communication, such as eye contactl gestures, as well as vehibEsedsignals, such as
brake lights or indicater All these means of communication allow effectivelerstanding ancbordination of
future motion plans between differdraffic participans. However, current AVs are thlmrghly lacking such
communication andoordination capabilitiesnd their interaction with otheéraffic participans is often limited
to, and mostly dominated by, thetional principle of collision avoidancg&his results in notmumanlike
behaviour othe AV, such as sudden stopping, unexpected lane chandmsg standstill period&.g.standstill
until ablockingobstacle moves awgayTheseactions are notvell predictableand carbe quite frustratingor
othertraffic participans, leading to redtions in safety and efficient traffic flo{Brown & Laurier, 2017)
Insteadan AV’ s behaviour and future patif movemenshould be well understood loghertraffic participans.
This allowsthe surroundingraffic participants to correctly interpret thgentions of the AV, and coordinate
their planned actions accordingiyo safely integrate AVs in mixed traffic environments, we neeshsure that
thecommon humaithuman interaction between the-board driver and other traffic participantslayis
replaced by a artificial interaction of the AVThis opens a completely new field for Human Factors researchers
andHumanMachinelnterface HMI) designers of AV¢Cacciabue et al. 2015)

In thefuture, the situation will change from a dyad of interaction todayl{oard driver and other traffic
participants) to a triad of interaction (board user, AV and other traffic participants) in which the direct
interaction between th&V and the surrounding ftifec participants will play a significant role (Figure T)he
interaction between the AV and surrounding traffic participaefgdacing some parts of the common human
human interactiomeeds to be newly developasd this will become most prominent. hetnew triad of
interaction the information needs of the dmoard user of an AV should be also considered to avoid confusion
and unsafe situations (e.g. thelwpard usegives additionalsigns totraffic participans or thatother traffic
participantdnterpret the body language or gestures of users on board in a way thisg@dteeven though the

useron-boardis not in charge of controlling the vehigle
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FIGURE 1 ABOUT HERE

This papefocuseson how to design the interactiaf the AV with other traffic participants. firesentsome
design consideratiorfer designingthe interactios of AVs with othertraffic participans, based on current
humanrhuman interaction in mixed traffic environmeribe paper is structured in tHellowing way: In the
first part, wedescribe ouanalyss of the commonfeatures irhumarhuman communicatiobetweertraffic
participans. Based on this analysis we derived four categories of information thatesenped in the second
part of the papreas design considerations. TheseBraformation about vehicldriving mode 2) information
about next manoeuvre3) information about perception of the environment dhthformation about
cooperation capabilitiesn the third partwe use the four categories of informatiorataalyseavailablestudies
and data fronfaceto-face interviews, onsite questionnajrasd two focus grouptudies, which weonducted
as part of the€CityMobhil2 project Thesggive afirst insight intothe needsand expectationsf traffic participans
interacting withAVs and the relevance of each of the four categories for the AV ddsithre fourth and final
part we present an overview on existing AV design concigpta vehicle manufacturers, suppliers aadearch
institutions and describe several methods on how relevant infomedn be transferred to surrounding traffic
participantsandwe discuss their advantages and disadvantages

The overallaim ofthe designconsiderationss to providea structuring aidor designerssuch aghose
developing externatMI (defined as the HMI of an AV that is meant to send information t@snding traffic
participantsiand interaction concepfsr AVs, toreduce the complexity of the design space arsipport
designers in their decisions so that traffic participaateive thenost pertineninformationfrom the AV, using

the mostappropriate communication channels

2 Analysis of common interactiors betweentraffic participant s

When desigimg the behaviour of the AV in a mixed traffic environmew, assume that it is highly relevant to
understand how humaraffic participans currentlyinteract with each othemhis is in line with the work of
other authors who analyse the current huimaman behaviour to understand how an éédgo be designed
for safe implementation in mixed traffic scenarfeseBeggiato, Witzlack, & Krems, 201 Farber 2016;
Imbsweiler et al. 2013,k Parkin et al. 201 ortouli et al. 2014Rasouli et al2017 Schneemann &ohl

2016 Vissers et al. 2006

According toVisser and colleagu€2016) dayto-day irteraction betweetraffic participansis thought to be
guidedby five mainfactors:a) traffic rules, b) expectations, c) individual differences, d) behaviouaptatibn
and e) informal rule& nonrverbal communication. While traffic rules, individual differences and hebeal
adaptations are factors tha dutsideof what can belirectly influenced by thé\V desigrers this paper focuses
ondocumenting design consideratidosthe desigrof AVs that addresexpectationsf traffic participans
about the behaviour and reactions of A¥s well as thexformal rulesand nonverbal communicatian
currently in place for such interactions

It is well known that theexpectatios of traffic participants hee large influenceon their decisions and actions
in traffic (Houtenbos et al. 200&hor 1964. Bjorklundand Aberg2005)report that traffic participants use
traffic rules and design features of the road as well as the behavioueofratffic participants as a basis for
their expectatiosion how a traffic scene evolveghe behaviour of others consisfsnultiple implicit cues such

as thevehiclés approach speed, gap size or lane deviatimhthesareusedto anticipate the intenti@nof



111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

136
137
138
139
140
141
142
143
144
145

146
147
148
149

Submitted for publication August 20£72" revised version submitted & 2018— CTW Journal

others(Demiroz et al. 2015; Kitazaki, & Myhre 201Sucha et al. 2017; Varhelyi 19980 et al. 2a5). A

good example is the approaching behavimfua vehicle at pedestriarcrossing. If the vehicle slows down this
could be interpreted as the beginning of a stopping manoeuviesigmhl that the vehicle will stop for the
pedestrians to crogRasouli et al. 2017Schneemann & Gohl 20L6Additionally, the vehicle type and
appearance provide another source of information that forms expectitianst al. 2016). Due to its size, a
truck is associated with being slower than a sports casldmulikely more dangerous to collide witRarber
2016) Thus, the vehicle type helps traffic participatatsletermine the general motion cheteristics of a
vehicle and its driving style.

In addition,informal rules and nowerbal communicatioplay an important role in situations where the traffic
rules lead to ambiguous situatipns whereformal rules are replaced by informal onkegormal rules are rules
that are often not in line with the official traffic rujémut thatare established in the interactidyetween traffic
participantssuch as yieldinglsofor a cyclist at a pedestrian crossirjgrnskau 201)or an informal first

comefirst-serve approacht somejunctions(Ceunynck et al. 2033In current traffic with conventional,

manually driven vehiclespther traffic participants useonverbalcommunicationsuch asmplicit cues such as
motion patterns and vehicle behaviour amglicit vehiclebased signals (e.fashing lights or turn signgl$o
predictthe next manoeuvre@®ey & Terken, 2017Ba et al. 2015)Also, bodylanguagesuch as head
orientation, nodding, hand gestures and-@yetact are taken into account to coordinate common actions of
traffic participantsn specific situation§Guéguen et al. 201Kitazaki, S, & Myhre, N. J. 2015Schneemann &
Gohl 2016:Sucha et al. 201'Ren et al. 2016 These signals are especially importantomplex situations an
situations that need some form of cooperasioch as urban environments. For example, Sucha(@0al) and
Schneemann ardohl (2016 reported thapedestrians usedriver's nonverbal gestures and eye contact with
the driver as indicators beside the deceleration of a vehicle that a driver gsthiin priority Another study
explored the interaction of German drivers at bottleneck roads (Imbseede 201B). The authors found that
the drivers most often used the driving manoeuvre itself as well gdatight flashes as explicit siga&br the

coordination of their actions.

In all cases, thicontext of suclinformationis important when interpreting its meanjiagd heintention
conveyed byhe same signahayvary, depenéhg on thetraffic situation and theehaviour of othergSavigny,
1995. For example, a flashing headlight magan thaa vehicle will wait for otherdo passe.g. at a bottleneck
road or that itis giving a warning to other driverdhus, humans need to constantly interginetcommunication
signals in light of theurrent driving contexin light of cultural normsKéarber 206; Nordfjeern et al. 204and
on past experiences made in comparable traffic situations (Herslund &elnez§83)

As described itthis section specific means of communication are ubetiveen humans today’s trafficto
coordinate the interaction of different traffic particigmnWhen introducing AVs ia mixed traffic environment
on today’s roas theseautomated/ehiclesneed to provide sonferms of communicatiorio othertraffic

participans, to allow for safe smoothand intuitiveinteractiors.

3 Deriving design considerations for the design of the AVs’ interaction frothuman-human interaction
With the introduction of AVs in mixed traffic @ironments designers are facing the challenge to design an
appropriate interactiostrategybetween the AV and othénaffic participans. It seems likely that central

elements of the common humboman interaction need to be replaced by technical meaittsef AV-traffic
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150 participant interaction. As humdrmuman interaction is quite complex we extracted four categories of

151 information from the reported studies above. For this, we analyisiethinformation human traffic participants
152  use to buildheir expeadtionsof future vehicle behaviowndtheir decisions and what kind of inforation they
153 useto coordinate their actions. The categories are meant as a structuring aid fdesifyfiers in this complex
154  design spacand are intended to help designers to understand which infornetieaded by other traffic

155 participants to successfully interact with an AWe categories are defined as:

156  Category A - Information about vehicle driving mode: Based on the reported studies of Klatt et al. (2016) and
157  Féarber(2016)on vehicle type and vehicle size we defineategorynamedvehicle driving modevhich includes
158 all information that activates specific schemata aBdltharacteristicsinformation of this categorsupports
159 other traffic participants to develop the right expectations abou\theehaviouby informing others about the
160 vehicledriving mode e.qg. if the vehicle is driverless or driven in automatechanualdriving mode.

161  Category B—Information about the vehiclés next manoeuvres:A central elemetnof conventionahuman
162  humancommunication is the vehicle movemgitr examplechanges i vehiclés trajectory, deceleration, and
163  acceleration and resultirgpanges in gap siZ8jorklund & Aberg 2005Demiroz et al. 2015)ey & Terken,
164  2017;Kitazaki, & Myhre,. 2015; Sucha et al. 2017; Varhelyi 1998; Zito et al. 28159 vehiclebased signals
165 are taken into account by others to predict the next manoeuvres (Ba et alB2@&8)on these results we

166  conclude that also alV needs to providénformationabout its intentions that meaalsout its next manoeuvres
167  tosupport othetraffic participans to anticipate the current and futlmehaviourof the AV. This information is
168 summarized in the categovghicle’s next manoetss

169 Category C—Information about perception of environment:In severakituationsvehicle movements (such
170 as vehicle decelerationyeinterpreted as an indication that a driver has detected surrounding roadnebers
171  willing to react to thoseThis expectation is becoming stronger even more when expiesit signalssuch as
172  eye contact between traffic participaated/or head orientation of the drivae taken into accoui low speed
173  environmentss indication that the driver has detecteltthffic participan{Guéguen et al. 2015; Kitazaki, S.,
174 & Myhre, N. J. 2015Schneemann & Gohl 2018ucha et al. 201'Ren et al. 2016 herefore, we define ¢éh
175  categoryperception of environmeffdr the AV design thatovers all information that hedpthers to understand
176 that they were detected by the A6 commonhumarhuman communicatiois no longer availabléor AVs

177  this interactiomeed to be replaced by technical means.

178 Category D - Information about cooperation capabilities According to Vandrhaegeret al.(2006

179 cooperation can be defined as managing the interference that can occur when twademsaach achieve
180 goals that can interfere with those of the athecommon humaiumaninteractions in mixed traffic,

181  establishing explicicooperation is often indicated by gestures, eye contact, or the use ofihtefatkthesn

182  addition to the adaptation of vehicle movements (Sucha et al. 2017, Indvsateil. 2017). Thereforave

183  conclude that there is also a need for AVs to infothe traffic participants about their capabéito start

184  direct bilateral coordination of actions and to give advicathersregarding their next actions (e.g. give right
185 of-way to othetraffic participans; ask them to stop; advice pedestrians to cets3. This information is

186 summarized in the categocpoperation capabilities

187  Figure 2 summarizes the proposed categories of information for our desiiphecatisns.
188 FIGURE 2 ABOUT HERE
189
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Based on the four extracted categories we analysed currently available reseaesbstainmunication needs
of traffic participants interacting witAVs as well as the results of the Citymobil2 studies to find out more about

the relevance of the categories for AV design. The results are documented in&ection

4 Communication needs otraffic participant sinteracting with AVs

Thecommunication needs othertraffic participans with regards to AVs arurrently a very new and
unexploredield of researchwhere onlyresults froma fewrelevantstudies ar@vailable This is partly based on
the absence AAVs ontoday’sroads. However, the successful uptedereptanceand use of such vehicles in
the future depend on their ability to interact and cooperate successflilgtivrtraffic participans. This

section provides thiirst insight irto the communication needsf othertraffic participans during their

interaction vith AVs in amixed traffic environmentased ora small number of completed studies in this area,
including data from the CityMobil2 pject. The four categories defined in section 3 are used to structure the

analysis of results.

4.1 Literature review
Category A—Information about vehicledriving mode: Existing studies reveal that other traffic participants

expect to react and feel different in the presence of AVs compared to manuallyvativelrs Hagenzieker and
colleague42016)conducted an interview study with 29 cyclists, using photographs adistimaterial. The
participants were asked about their expectationsalfileported behaviogwhen interacting with
conventionalmanually driven carcompared to AVs. Results showntthe participants were quite
conservativeexpecting to be detected marften when interacting wita manually driven vehicle than wigém
AV. Different expectations and reactions of pedestrians were also reppttel AVIP project studies
(Lagstrom, & Mamsten Lundgren, 2015; Malmsten Lundgren et al. 2016). The awhkpigred whether
pedestrians were comfortable to cross in frontnoA¥ (passenger vehicleuring a field study with a ‘fake’
driver, and a questionnaire study using photograpaee, the results revealdht pedestrians were less willing
to cross in cases where the “fake human driver” on bofttte AV showed uncommon behaviour, such as
reading a newspaper or sleeping. This effect was even stronger whetraiftic participants could not actually
see any driver in the vehidiecause heas hidden using specially adapted vehic({&labibovic et al. 2016)
Thus, thes authors conclude that there is a nee@foAV to indicate that it is in automated maeexplain
uncommon behaviour of the human user on bdamain the findings of both studies it can be concluded that it is
important to give surrounding traffic participants an indication that share the road with an AV toduce
appropriate expectations and reactidfisst results from real environment are reported by Brown and Laurier
(2017) who analysed several publicly available user videos of automatewydup to SAE level 2). They
found several situations where other drivers where confused by themeaxtthe automated vehicle and
conclude that an indication of the vehidiéving modewould help othesto build appropriate expectatiomms

the AV behaviour

However, there are contrary findings on the question if the veticimg modeneedgAV vs. manuallydriven
vehicle)to be displayed explicitlyRothenbiicher and colleagues (208g)orttheresults of a field experiment
with a Wizardof-Oz passengevehicle that looked driveless to other traffic participasmtin contrast to the
AVIP project studies hte authors didiot find any safety concerns from the vulnerable road us&b ¢V They

documented normal crossing behaviour, based oness#rivideo recordings of these interactions, with hesitant

6
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behaviour only observed when thehicle misbehaveth some wayAnotherstudy also did not find any
differencesvhen exploringhe behaviour of drivers of conventional vehicles interacting witA\A (GATEway
Project 201Y. In a simulator study of the GATEWAY project, the authors testedviédr show different
driving behavious in an intersection scenario and an urban carriageway scenario when thesagmbgnof the
AVs was varied (high vibility —sensors installed on a rack of the 'AVYoof; low visibility— only sensors/no
rack installed on the AV'’s roof) and compared this to conventiorehuadly driven vehicles (no sensors on the
vehicle’soof). The results showed no differences in driving behaviour for thest¢earios, and subjective
reports revealed that drivers’ decisions were mainly based on vehicle hehaladed characteristics, such as
the gap size and assessment of safety, but not influenced by whethéroamanually diven vehicle was
involved.

In addition,the implication of this information on the behaviour of other traffic paditts is currently not fully
understoodMillard-Ball (Millard-Ball 2017 forecass in a simulatiorthat such indicatioof the vehicledriving
modemight lead to a negative behaviour adaptation of dth#fic participans “playing” with the AVs taking
more risky behaviour astopping them intentionally.

Category B—Information about next manoeuvres:Lagstrom and Malmsten Lundgrelra@strom, &
Malmsten Lundgren, 2033almsten Lundgren et al. 20L& ported in their above mentioned study that
pedestrians took the vehicle movements (such as approaching speeA\¢fahe standstill pddon) as
important indication for their decision to cross in front of the AV. g ltheycame to the conclusidhat other
traffic participantsvould profit from information on current arfidture manoeuvresf an AV. This is also
supported by the studies of Rothenbiicher and colleagues @0l &eGATEway Project 201 {reported
abovg that did not find any effect of an explicit information of vehidtesing modebut showed that
surrounding traffic participants babtheir decisions on assumptions of neanoeuvres of AVs. This is in line
with another study that showed a main effect of gap size but did not fireffants of additional display
information for AVs (Clamann, Aubert, & Cummings 20168gre, two different versions of a visual display
providing advice about crossing or information on vehicle manoeuvres (in this@atseuous speed
information) were installed on an AV during a test track study. Results showed neddés in behaviour with
the “no display” condition, with participants bagitheir decision to crosaainly on gap sizefollowed by
vehicle speedHowever, around 50% of the participants reported in a subjective intettvae they would profit
from an additional display for AVs even though this did not influence tregiision to cross in this study. The
need forexplicit information was also repad in a study oRodriguez(2017) Shereports results from an
interview study, an online survegnd a focus group, conductasd part of th&VEpod projectAmong other
results participantdn this studyexpressed a need for information about the AV’'s next manoeuvres, especially
regarding its turning and stopping behaviofithe complete driverless AWhat pedestrians benefit from
additional information of current and next vehiél¢ manoeuvres was also shown in a study of Bdckle et al.
(2017) The authorseported increasddvels of seHreported safety ancdbmfort when the AV indicated its
manoeuvre intention using light and acoustic signals.

Category C— Information about perception of environment: In the studies of the AVIP proje@tagstrém, &
Malmsten Lundgren 2015; Malmsten Lundgren et al. 2016) the authors tiegtqpedestrians based their
decision to cross the road on drivetated cues mainly on eye contact. In all conditions in which fake
driver of the AV vasdistracted, sleeping or absent, participants reported that they decidedmsstthe road

because they did not receive any cues from the driver that they were notidedrafare felt unsafe.
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270  Participants also reported ttiaey may expect to get confirmation from the person on the driver sewsif ¢ve
271  vehicle is in an automated driving mode. The authors conclude that comnoreg@nd eye contact might
272  need to be replaced by other forms of communication, such thatmiffierparticipants can confirm they have
273  been detected by the AV.

274  Category D—Information about cooperation capabilities In several situationthere is no need araften no
275  opportunity for signals such as eye contact or the use of gestures imthethuman communicatiqre.g. at

276  night time. Howeversomecomplex traffic situationsxistthat require the coordination of actions between
277  traffic participantsand thus, further information from the Adn its cooperation capabilitiesight be needed.
278 Imbsweiler et al. (2017b) conclude from their study results on heimi@man interaction that the combination of
279  implicit signals such as vehicle manoeuvres and explicit signatéaari others about the willingness to

280  cooperate would be most promisifidnis isin line with the results of Schneemann and Gohl (2016) who
281  reported that ambiguous traffic situatidretween drivers and pedestrians indspeed environments are often
282  solved by using gestures and @gntact.There is only one study known by the authewdar that tested a

283  display of the categorgooperation capabilitiefor an AV.In theirstudy mentionedbove Clamann et al.

284  (2016) tested a displasariantgiving advice that it is safe/not safe to cross for a pedesttiaastested against
285 adisplay variant with continuous speed information of the AV and no additizpday information. The

286  authors did not find any effects of additional display information for AVsaaticipants based their decision to
287  cross on gap size. This could be an effect of the selected scenario where tfedavast information for the
288  crossing decision was gap size and no further information about coopeababilities were necessary.

289

290 4.2 Overview of theCityMobil2 Studies

291 The EU Project CityMobil2 was a pioneer projectdaploring the live interactionf AVs and othetraffic

292  participans in shared spag@lessandrini et al. 2014Themainfocus of CityMobil2 was to realise number of
293  showcaseanddemonstrationsf ARTSin different European cities (Lausanne (Switzerland), La Rochelle
294  (France), Trikala (Greece), Oristano (Italy) and Vantaa (FinjamtdeseAVs (ADS-dedicated vehicles

295 according t&SAE International 2016were developed, tested and implemented imekeectivecities where
296 they offered an additional service to the local public transport systenA\$drove without a driveron fixed
297  routes through the citynteracting in mixed settings for some demonstrations (ltalye&, Switzerland and
298 France)For legal reasons, an operator was present at all times. The AVs were eledattes\atd looked like

299  small minibusses (seEigure 3).
300 FIGURE 3 ABOUT HERE

301 To investigate thasersattitudes towardthese vehicleandtheirinteraction needs as pedestrians and cyclists, a
302 number of studiewere conducted as part of the project. This began waheto-faceinterview study in

303  Braunschweig (Germany) ahgeds (UK) followed by an ossite questionnaire study administered during

304 demonstrationsi La Rochelle, Lausanne, and Trikdfnally, a focus group study was conducted with users of
305 the AVsin La Rochelle. For the validation of the four categories of oigrdesnsiderations we analysed the
306 results of all three CityMobil2 studies to findtauore about the specific needs of traffic participants interacting

307  with AVs. Results of the three studies arenmarsed below:
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4.2.1 CityMobil2 — Interview study

Main Objective: Two interview studies were conducted?2014at the German Aerospace Center (DIaRYl the
Institutefor Transport Studies at the University of Leeds (ITS Led@iticipants of the interview study had no
previous experiences with A\&d themain objectives of the interviews were to gain knowledge on where and
for whomAVs might be ustilly implemented, which kind of interaction with the AV participawsuld expect

and what kind of design they would prefer.

Method: Two semistructurednterviewswere conductednein each location. A total &6 participants took

part in theexplorative faceo-face interviewgsee details ifTablel).

TABLE 1 ABOUT HERE

All participants were in possession of a valid driving licence. Participeetis paid for their participation
(interview duratiorof 40-60 minutes 10€per hour in Braunschvigg 15£in total for participationn Leeds.

Both interviews were similar in their structure and started with andntt@on of AVs and their capabilities
(using photo and video materialheinterview consisted of thremainsectiors. The first sectiordealt with
users’ expectations regarding A\lsere, we sought participants’ views regarding wherefanddhomAVs
might be usefully implemented. In the second section, participangssiiewn pictures of different traffic
scenariosandthey wereasked & imagine themselves in these situations, as either a cyclist, pedesitanm
driver. They were then asked to suggesiktkgected behaviour of the AWhen interacting with them in these
situations, and alseow theymightinteractwith the AV. The scearios were chosen to illustrate settings where
an interaction between different actors was requaed includeda) a pedestrian zone, b) intersection with
traffic lights, c) zebra crossing, d) intersection without traffic light&i®ycle trackandf) mergingfrom a

minor toamajor road Participants weralsoasked what kind of additional information they would like to
receivefrom the AV in these specific traffic scenarigsthe absence of a human drivkr the third section of
the interview participants were asked about their personal preferences regarding the tiegyactionrelated
information from the AV (e.g. what kind of communication channéboation for information would be
preferred by the participants?). As the focus ofplaiger is on AV desigronly the results of interview sections

two and three are presenteere
Results:

Category A—Vehicle driving mode: Participants pointed out that they would like to be able to identify an AV
by its appearandexample statemen&n AV should be identified as AV on firsiglancd. Furthermorea
distinction between different types of AVs and their abilities reggrdiaximum speed was mentiorasl

helpful to buid up appropriate expectatioresxample statemeniVhat is the maximuspeed? Is ian AVfor the

city or for the motorwaly

Category B— Vehicle manoeuvresThe majority of participantat both interview sitepointed out that in clear
situations (regulated by traffic law and road infrastructure), theydaepect the AVs to respect and obey the
traffic rules (scenario b, c and e). For example: While crossing the street astipadt a traffic light
(scerario b), all26 participants would expect the AV to stop and participants did not see tthéoneelditional
information presented by th&V that goes beyond the conventional, established communicei@viour.

However, in less structured environmesis;h as a zebra crossing or driving driccle track, participants
9
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seem to feel less safe and the majority would prefer additional iniomabout the AVs behavioufexample
statementsMaybe a light signal, so that | know it [the AV] will stepon A sign on the road that | know it [the
AV] will drive until there and not furthdr. In additionto thesescenaris, participants mentioned that they would
appreciate to havadditional informatiorregarding the future behaviour of the Awhile crossng the street
without traffic lights (scenario dexample statemenit. [the AV] detected me, and will stop or decelerate. |

expect more from an AV than from a norre].

Category C- Perception of environment In multiple scenarios participants pointed out that they would like to
have information if they were detected by the AV. This was true for sSoenaere the pedestrians had the right
of way (zebra crossing (a), traffic light (§xample statementBerson detectefd| [the AV] have detected

you and in scenarios where the AV had the right of watg(section without traffic light&d)) [example
statementtnformation that it [the AV] detected a human or an obsfackespecially in scenario(bicycle track
where the participants should take the view of the cyclist they asked fudiaation that they were detected by
the AV [example statemenit would be perfect if there would be a picture or symbol for “cyclist detected” so |

would know that “I have beatetected” and | would just ride ¢n

Category D— Cooperation capabilities:In scenarios where the pedestrian had the right of way (zebra crossing
(), traffic light (b)) participants mentioned that the AV could signalisen it is safe to crospexampé

statementf..] At a specific distance a light on the AV will light up and it is safe to cross and if the lgghbtjo

you cannotross the zebra crossing [l.JRegarding the scenario where the pedestrian had not the right of way
but was instructed tonagine he/she would pass the street in front of the(iAtérsection without traffic lights

(d)) participants would even expect some kind of reprehension W he indicate that the AV is not willing

to cooperat¢example statemesitl ran over the street and the AV honks at me ngybe an acoustic signal

like “you know that | [the AVhm here, watch out, if you want to pass than hurry. up.

4.2.2 CityMobil 2 — On-site questionnaire study

Main objectives: While the interviews were conducted with participants wholitiéel or no experience with
AVs, theon-site questionnaireecruitedparticipantavho hadactually experiencehteractionwith the AVs
during the demonstrations of the vehigbesvided by tie EU Project CityMobil2The questionnaire study was

developedo gainfurtherinsight onthe factors important to road us@rghe interactiorwith AVs.

Methodology. The questionnaire wammpleted by 664 (386 male, 278 femalajticipants across the three
demonstration siteg'a Rochelle, Lausannand Trikala(seeMadigan et al. 201 Madigan et al. 2016r

further details). An important criterion for the participant selectian theikknowledgeregarding interactions
with the AV. Only participantsvho had interacted with th&V at least once were asked to complete the
guestionnaireParticipants wereecruitednear the demonstration sitess a voluntary basi§ hequestionnaire
consistedf two partsThe second pafB5items), which is described in this papéwcusedon understanding the
interactionof traffic participans with AV s. Participants were asked if they felt safe interacting withAttie and
how this feeling of safety was influenced by different environaidattors (shared spaes. dedicated lanes).
Participants weralsoasked what kind of information they would wish to receive fromAtfieregarding its

currentand future behaviour.

10



Submitted for publication August 20£72" revised version submitted & 2018— CTW Journal

383  Results: As the results of the study are presented in Merat eéhglrés¥, weprovide a brief overview of these

384  for the purpose of this paper

385 Category A—Vehicledriving mode: There are no results on this category as the CityMaleiiZcles were
386 easily recognizable as driverless, AD&dicated vehicles with no driver on board. Thus, this category was not

387 assessed in the questionnaire study.

388  Category B—Vehicle manoeuvresOverall, the main findings from this study showed a signific#ference
389 intraffic participans’ needs and expectationdth regardgo the vehicle manoeuvraghen the AVs were

390 demonstrated oadedicated track vs. a shared space. Results showed thatpresence of road markings,
391 participants believed that the AV had priority, but that when there m@road markings they, as pedestrians,
392  had priority and the right of wayRegardingnformation about the manoeuvre of the Aéarticipants reported
393 greater need fdnformation about the behmwur of theAV (whether it is ®pping, turninggoing to start

394  moving) in the absence of road markingsdedicated tracks for the AParticipants ranked information about
395  whether the AV is stopping, turningaé starting as more important than information about the AV’s current
396 travel speed. This is possibly because (due to safety reasons in a mixeetrafbnment) the vehicles

397 travelled at quite a slow speed (around 10 km/h), but also because thisatidaris perhaps easier to observe
398 than the intentions of the AV.

399 Category C— Perception ofenvironment: Participantdrom all three locations ratédformation about the
400 perception of thenvironmentge.g. confirming they had been detecésimportantinformation fiom the Ay,

401  again highlighting the importance of feeling safe when interactitigtvese vehicles.

402  Category D— Cooperation capabilities: There are no results on this category as this category was not assessed

403  in the questionnaire study.

404 4.2.3 CityMobil 2 —Focus group study

405  Main Objectives: To gain further insight in people’s attitudes towa#dlss two focus group discussiswere
406  conductedn La Rochellan 2015 goproximatelya month after the end of the demonstratidiie main

407  objective of tke two focus groups was to understand and cdilettier insighs regarding thexperience of

408  participantduring thér daily interaction with thé\V.

409 Method: Nine male and eleven female participants took part in the focus grawssienswhich were

410 corducted separately, on the same day, by two French facilit@teesgroups were divided by gender to avoid
411  any gendebased effects of mixed group discussidksparticipants were residents of La Rocheded

412  confirmed thathey had interacted with th&V at least onceuring the demonstratigreriod.The experience of
413  participants with théV wasdiscussed ithefocus group settindgthefocus groups were both audio and video
414  recorded, anthefollowing transcription and translation to Englisfas done by a qualified transcriber and
415 translator Analysis involved categorising participanstatement¢Braun & Clarke 2006)nto severdifferent

416  categorieswith regardgo (a) theAV in general(b) the manoeuvre communication of an A¥) the

417  environment prceptioncapabilitiesof the AV, (d) the cooperation and interaction strategies of an (@Mhe

418  safety and traffic rules for an A\{f) the influence of infrastructure (e.g. dedicated roads, lane markings) for
419 AV and(g) the desigre.g. appearance, size) of an Adhly the results for a, b, ¢, d and g are reported in the

420 following as they are of highest relevance for the categories of thendmsigiderations.
11
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421 Results:

422  Category A—Vehicle driving mode: Participants pointed out that it is important for tlesign of the Ag) to
423  look unlike normal public transport systems to be clearly identified &8/dlexample statement&or me, the
424  factthat it looks like a bus is bad."It must break with the typical model for bissg. Participant expressed the
425  importance of the AV design to build up the right expectations on the behavid next manoeuvres of the AV.
426  Participants pointed out thdtan AV is too symmetric in its appearance/format it will be hard to digisig

427  betwesn the front and the back of the AV, which make a prediction of the gadifiection harderdxample

428  statementsy...] when the vehicle is at a stop, you don't really know in which direction it's about tdfsénd
429  when you're a pedestrian or a cyclist or you have a pram, even if it's not going fast, yaeallynknow in

430  which direction.”, “[...] outside of the &served lanes, it's true that the direction isn't cleafFurthemore a

431  futuristicdesign of an AV could alsattractpeople to use an Aféxample statementdf we want people to

432  ride in it, it must be cool, attractive, sexy. Nobody wants to rideniaw, because it's not attractivé.”

433  Category B— Vehicle manoeuvresWhen mrticipants were asked if they requiratyapecificinformation

434  about the AV in generdh) and abouthe AV’s manoeuvregb), theyreported that they exp@ttAVs to have at
435 |east the same signals@ammon vehicle$or indicating the next vehicle manoeuyesg. indicator, brake lights,
436  horng [example statemeritLike for a car. | think it [the vehicle] should have the same signals as on an
437  ordinary vehicle’]. In case that thAV would be an electric vehicle such as those implemented within

438  CityMobil2, participantexpressed their ne¢d have additional signals simatthe approaching vehicle could be
439  recognsedmore easilythanit was the case in the CityMobit®emonstrationsexample statementsit's like

440 people on bicycles, because when you're a pedestrian you don't hear them comihyg,aftehlstartled by

441  cyclists on the pavement, and it's the shere with the vehicle (Y, “I'm for anything that cahelp with

442  signage. The fact that there's no noise is a big plus, it should be retained. So | think thagotikémg

443  methods should be fouhd Participants alsmentioned thapriorities and traffic rules for A¥(e) are unknown
444 by most of the traffic participanteaking it hard for them to predict next manoeuyeaample statements:

445  “Which is why there should be rules. [...] In this case, the vehicle is new, and in the ofiddiffic, it's

446  motorised, and no one kwa the rule to follow]. Regarding thénfluence of infrastructuré), participants

447  reported that they would feel safer if th¥ was drivenon a clearly marked and predefined track, so that traffic
448  participants could anticipate where the AV will gex [example statementt also noticed that there are no
449  route markings, and that you don't really know where it's going. It is a bihassle, especially when you're on

450  a big square where everyone is walking;”

451  Category C— Perception of environment:Regarding information aboenvironment perceptioof the AV (c),

452  interviewees pointed out, that thewpuld liketo know if they were detected@his might be caused by a general
453  lack of knowledgef how the technical system worlexample statemesit‘Isn’t there a system that allows it to
454  detect that others are presenj?Participants idl not expresa generaheed for signalfor all obdacles

455  detectedbut discussed thatvtould be helpful if theAV could warn pedestrians when they are moving in its
456  way[example statemenit]..] like the buses when a pedestrian is in the way, they have a kind of sound signal

457  that warns the pedestrian that the bus is coniihg

458  Category D— Cooperation capabilities:Regarding theooperation and interacti@trategie®f an AV (d),
459  participants mentionetthat they would benefit froradditional information for interaatn with theAV that
12
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could help to coordinate their actigexample statemeés “Often, this happens with eye contact. You work out
whether yowshould give way or not, and in this case, you don't know, so there is doubt about whethdrao yiel
not.”, “Colour codes that indicate: Now | have right of way, now | don't, as if you were interacting with a kind

of driver.”].

4.3  Summary of results on conmunication needs of other traffic participants interacting with AVs
In the following the results of the literature review and the CityN2odtudies are summarized for each of the

four categories of information.

Category A: Information about vehicledriving mode

The fewresearchstudies available so far show mixed results with regarttee need of traffic participants for
explicit information about the vehictgpe (see section)3In the research study of Lagstrom and Malmsten
Lundgren (Lagstréom& Malmsten Lundgren 2015Brown and Laurier (2014nd in theCityMobil2 studies
participants expressed their need to understand that the vehicle isidrareautomated mode while the
GATEway study (2017) did not find any effect of such indicatiothendriving behaviour of surrounding
drivers.In situations where the vehicle was driven completely drivefl@éggMobil2 studies) the user on board
behavedinexpectedly (e.g. reading the newspapee Lagstrom and Malmsten Lundgren 20drithe vehic
showed unexpectecbaviour (Brown & Laurier 2017) there was a need for additional irstiom about the
vehicledriving mode However the implication of this information on the behaviour of other traffic paditip
is currently not fully understoo@Millard-Ball 2017). Thus, there is little knowledge so far if the category of
information on vehiclelriving modeprovides advantages or disadvantages when implementing AVs intd mixe
traffic environmerd. It is also not known yet if other traffic participants need to distinguisivéen lower (SAE
level 2 to 3) and higher levels of automation (SAE 4 to 5) and driverless;dgéBiSated vehicles:urther
research on how an indication of the vehilizing modeinfluence the behaviour of surrounding traffic
participants is needed. Desigashould consider this category carefully in their design and ddejgending on

the envisioned application of their AV if information on the vehériging modeis neeed.

Category B: Information about AVs’ next manoeuvres

This category includes all information that supports other traffic paatitifgo anticipate the current and future
vehicle manoeuvres. Applied to Aval] studyresults summarised in section 3 shbmtthese conventional
communication meanand the vehicle behaviour itself, are of significant importance fasigirg othertraffic
participantswith information about future AV manoeuvres, and supporting theiridaaisaking process his
could bealso supported by explicit indication of next manoeuvres by new extekfiaiBtckle et al. 2017;
CityMobil2 studies). Also, dedicated environments for AVs help otleebetter predict next manoeuvres as the
AVs are running on dedicated tracks. Thus, imfation abouan AV’s next manoeuvres is of central importance
for the safe interaction with AVs in mixed traffic environmemd ahould be considered by designers in any

case.

Category C: Information about AVs’ perception of the environment

All information that helps other traffic participants predict if the AV hasaed them is summaed in this
categoryFor AVs, the communication that is based on the signals of the drivieoanm is no longer available,
and needs to be replaced by technical means. In the research dtadgtofm and Malmsten Lundgren
(Lagstrom, & Mainsten Lundgren 2015) and in tlétyMobil2 studies (see sectionZ}, participants stressed

their needto understand if the AV has detected them or imotontradiction to thaRothenbiicher et a{2016)
13



500
501
502
503
504
505
506
507
508
509

510
511
512
513
514
515
516
517
518
519
520
521
522

523
524
525
526
527
528
529
530
531

532
533

534
535
536
537
538

Submitted for publication August 20£72" revised version submitted & 2018— CTW Journal

found normal crossing behaviawf pedestrians when interacting with a driverless vehicle and conclude tha
designers can avoid siglsto replacee.g. the conventional eymntact between humarend only neetb
provide some exeit design for the minority who are irritated by the fact that theyoteee a driver on board.
Thus, based on what we know from research so far, designers need to decidase to casand for their
specific AV application ifand wheninformation on the AVs perception of the environment is requirecl$p
seems/ery important that the information given by the AV is not contradictethbyorboard user of the AV.
This could be particularly problematic if other traffic participants usétity language or gestures of the user
on board for deciding their next actions, especially if this informasian conflict withthe AV’s intention.
Anecdotal evidence, observed in the CityMobil2 tridlgstrated frustrations and near miss scenariosioh s

circumstances.

Category D: Information about AVs’ cooperation capabilities

While category C covers only the status information on the AV’s pgocepf the environment, category D
goes one step further. It includes all information that an AV cath teeother traffic participants to start a direct
bilateral coordination of actions and to give advice to them regarding theiactions. Participants in the
CityMobil2 studies explained that they would benefit from any informaggarding whethethey are allowed

to cross or notwhereas participants of the study conducted by Clamann and collé@tpreann, Aubert, &
Cummings 20163lid not benefit from any advisory information on an external displagefreral, there is
currently no consensus aswihetherAV s should be allowetb establish explicitooperatiorby giving explicit
advice to others about their next actiasshumans do todagr should stick to pure intention based information
about its next manoeuvréandersson et al. 2017)There is also a risk théthe AV will provide false orat least
risky advice to other traffic participants, and it is also challenging to kmoiah traffic participant is the target
of such information. Therefore, an understanding of how to provide camteéxhdividually specific advice may

be required for such scenarios

Summing uptherelevance of each of the four categories\cany between different traffic situatiorssd
vehicleapplications- some categories of informati@ne highly relevant, wHe others areithernot relevant or
areless relevant for the safe interaction in specific traffic situatibnus, the intention of the authors is not to
take the four categories of information as strict requirementsi¢eat to beddresseth every @se, but rather
as an important design guideline for inspiring the design process. Theeatssf AVs should think carefully
about which categories of information are essentihich arenot relevant for specific traffic situatiorsnd
which design opibns areappropriate to transfer the relevant informatieuture research will also provide us
with further insight into what information is needed in specifiditraituations, allowinga continuousupdate of

thecommunication needs of other trafficrpaipantswith AVs.

5 Designoptionsfor the transfer of information
In this final sectiorof the paper we provide an overview of thdifferent design optionthatAV developers and

designerwill need to consider, in order to relthe informationoutlined by ourdesignconsiderationsA limited
number ofdesign conceptand patentfor AVs have already been investigatat published by industry atige
researcltommunity Here,we considersome examplefs of mid2017)on the basis obur propose four
desig options: ) the design of the infrastructuiig), the design of the vehicle shape) the deign of vehicle

behaviour, and ivthe design of external HMI elements for visual and acoustic commiamiciable 2 gives an

14
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539  overview d the chose design optionger design concept or pateAs illustrated below, st desigrconcepts
540 relate to ehiclebaseddesign element$lowever, especially fodriveess ADS-dedicatedsehiclesthe design
541  of the infrastructurés used tgprovideothertraffic participans with therelevant informatioraboutanAV. The
542  design options listed below come along with different advantages and disaphsi(gee section 5.1 for a

543  detailed discussion) and should be considered carefully by the design team.

544

545 i) Designof infrastructure - Designing the infrastructuisuch as marked lanes, specific road signs, or physical
546  separation of trackgould supporbthertraffic participans to understanthe driving modeof thevehicle

547  (Category A of thelesignconsiderationsand what kind of manoeuvres are possiiy¢he AV (Category B.

548  Separated and/or marked lanes for AVs make it easier fortodifiec participants to predict the path of the AV.
549  Systems such &ityMobil2 applications on denmstrationsites(seeCityMobil 2, Alessandrin2016), the

550 Rivium Group Rapid Transit (2getthere 20} &nd the BrsonalRapid Transitin Masdar City(2getthere 2017a
551  useespecially prepared infrastructureallow for safeoperation of fully automated vehicles. This is in line with
552  the results of the CityMobil2 studieshere participants mentioned that dedicated tracks and corresponding road
553  markings would help them identify thpathof the AV, increasing their feeling gfersonal safetypecause they
554  were able tgredict the next manoeuvres of the AV.

555 i) Design of the vehicle shape Designing the vehicle shapan supporcomprehension of theeshiclés driving
556 mode(Category A)and an ability tadentify the AV in the external environmernne of the mostvell-known
557 examples of an AV that does robk like a passenger vehicle is the Google car, a vehicle that has a very
558 characteristic “bubble” shaphich allows it to beeasily identified aanAV (Waymo 2017. Thesame is true
559 for AV shuttlesthat can be easily detected as driverl@$3S-dedicated/ehiclessince they do not have a

560 conventionabriver seat ooard and look differento aconventional passenger vehicle or bie§sandrini

561 2014 2getthere 20172getthere 2017b Thedesign of therehiclés shapean also support or hinder the

562  prediction of manoeuvrg€ategory B) For example, from CityMobil2 research we know that symmetric
563 vehicle shapes make it much harder for otredfic participans topredict the direction of travel, since the

564  forward and rear viewok identical, allowing travel in both directions

565 i) Design of vehiclebehaviour - The adequate design of vehitlehaviouy such asn indication of its

566 intention toaccelerate, deceleeabr change direction (Category B), providéisertraffic participans with an

567 understandin@f its manoeuvreswhich is especially critical in shared spatke appropriate design of vehicle
568 manoeuvres also influences the behaviour of surrogrtdiffic participants anthcrease traffic efficiency and
569  cooperation$adighet al. 2017)Vehicle movements miglatisobe used by othdraffic participants to interpret
570 if they have beemletectedCategory C)For example, if the AV slosdown wherappoaching a zebra crossing
571  othertraffic participans might assume that the AV will stop and that this is because they eteted. Some
572  authors suggest that AVs should mainly be based on transferring itifimrt@aothertraffic participans by

573  designing appropriate vehicles manoeuvres and not putting too much foousaodMI (Risto, Emmenegger,
574  Vinkhuyzen, Cefkin, & Hollar2017).

575 iv) Design ofHMI elementsfor the visual and acousticcommunication - The design of dHmanMachine

576 Interface (HM) elements can help transfedevant information, usindhé visual or acoustic communication
577  channed. Visual information caritherbe sehin theform of textmessagedconsor light patterndisplayed on
578 the AV orprojectedon the road. While visual signstime form of lights might be used to inform otheaffic

579  participans about therehicle driving mode and vehicle manoeuvi@ategoryA andB), visualtext messagesr

15
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iconsmight be chosen to adeks only one specific recipient ambvideadvice orensuingactions(Category C
and D) The same is true for audio signaihere generic audio signals might be used to addikesthertraffic
participans in the surroundingrea Compared to that, spoken woidm be chosen to give some kindspécific
information oradvicesuch as “Walk; AV is stopping” toiform othertraffic participans about the AVs

intentions(Category B)and cooperation capabiliti¢€ategory D)

With regard to concepts and prototypes being consideredhigle manudctures, almost almake us of
additional visual and acoustic communicatiope@fic HMI messaggsuch as text, signs or light pattears
applied tohelp othersdentify the vehicledriving mode(seeAVIP - Lagstrém, & Mainsten Lundgren 2015;
Conceptl from Toyota- Fink 2017 BMW Vision Next 100, 2016 FORD, 2017. In addition to conventional
communication devices such as indicators, bligkds, rearlights and soundsAV design concepts often make
use of additional HMI devices toform others abouhe AVs' next manoeuvre§ hese aralisplayedat the front
and rear of the car (FO3ercedes Ben2017;Nissan IDS Concef017;AVIP - Lagstrém, & Mainsten
Lundgren 2015Duke University- Clamann, Aubert, & Cummings 2018emcon Smiling CarSemcor2017,
Google US9196164Rfatent- Urmson et al. 201,8Concept! Toyota- Fink 2017, FORD, 2017 or deviceshat
project information on the roaairface(Mitsubishi Roaellluminating Directional Indicators Mitsubishi
Electric 2015F015- Mercedes Ben2017) to inform others abouhe vehicle’snext manoeuvreshe perception
of the environmentr cooperation capabilitieend advisory informatiar-or some conceptacoustic
information isalsoused to provide sound signals or spoken war@4.%- MercedesBenz2017 Googlepatent-
Urmson et al. 2015)

Table 2 provides an overview which design options are suitable for tiséetraf information.
TABLE 2 ABOUT HERE

As mentioned above some design concepts and patents for AV already pirgvidsightby which technical
means other traffic participants could gather information from the AMeTabummarizes the addressed

categories of information and the chosen design options per existing & descept.

TABLE 3 ABOUT HERE

5.1 Assessment of differehdesign options
The design options described in sectiombovearemeant to be used as guidelifesdesigners to work on an
appropriate design for AVs. Depending on the specific purpose of thaméMhetraffic environmentn which
the AVs will be inplementedsome design options might be favoured over otff@able4 gives an overviewf
someof the benefits and disadvantages that each design aptikely to provideIn addition, the technical
feasibility of the design options needs to be consid&erhe of the Human Factors relatksadvantagesuch
as strong limitations for visually impaired peopfevisual signalscan be overcome higicludingmulti-modal
solutions which are likely toimprovetheinteraction and cooperation between the AV and dtiadfic
participans. This is of utmost importance as the AV design should be inclusive asitieo various groups of
traffic participantse.g. disabled people, itdiren with no reading skillsr elderly peopleHowever, v assume
that it is not necessary to display all relevant information on the visuabastic communication channélt to
16
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only use these channels to support the interaction in specific s#ffatiors. To support these messages,
essential information can albe relayediia specific infrastructure design, the vehicle shape and the appropriate
design of vehicléehaviourVehicle behaviour ialreadyused as one of the main sources to allavséde

interaction between traffic participants. In any case, for a rmtidal approacbf external HMI and vehicle
behaviourthe chosen design should be well aligned @pwropriatelysynchronsed. This means thathe

vehicle behavioushould ben line and timely synchronizedith the information sent by the external HMI
elementsand not contradicted by any-board users/operatorbhis will requireanunderstanding of the timing

for the presentatioof HMI messagesnd the control of the Avhanoeuvredn addition, from a Human Factors
perspectiveit will be important forvehicle manufacturere igree on the same standards especially for the

design ofnewexternal HMI(Emmenegger et a2016).

TABLE 4 ABOUT HERE

6  Summary and @nclusion

While developments in AV technologre occurring very rapidiygne of thegreat tallengedacing engineers,
designers and Human Factors researdhdtss area is an understanding of how we can integrate AVs in mixed
traffic environmerd, in a safe anéhtuitive mannerTo achieve a better understandofghe needs of other
traffic participantswe analysed existing research knowledg¢hencommon humahumaninteractiorsin
mixed trafficsettings, as well ase consideedsome preliminary research results on the needs dtbertraffic
participans interactingvith AVs, obtained primarily from th€ityMobil2 project On this basisye describeahe
design consideratiorevering four categories of informatidimatdesigners can use for theiesign workin this
context The considerationsover informatioron vehicledriving mode manoeuvregperception of the
environment and cooperation capabiliti€eese categories reflect the expresseels of other traffic
participantsm thevicinity of the AV, supporing thesafe interactiomf all actors Thedesignconsiderationare
intendedto helpdesigners of AV$o structure the complexity of the design space ogtidesupportfor finding
appropriate design solutiots assist such interactie. Our preliminary understanding is thagteis currently
no single solution that applies to akffic stuations and vehicle typeas the requirements for the interaction
design are highand the implementation scenarios for AVs sttt highly versatile Designers must therefore
consider the relevant information, based on the deployment setting At As AVs become more
commonplace, and are deployed more widely, sactsiderationsnay also help provide guidanfoy
manufacturers and desigeeavho wish to work on standardising some of the above faGach a
standardisation is likely to hegmsure appropriate use, trust and uptake of these velsinksiltimately

safeguard improvements in road safety
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Figure 1. From today'’s situation of humarrhuman interaction in mixed traffic environments towards a

future situation with a triad of interaction between automated vehicles, other traffic participants anthe

on-board users (source: EU project interACT)
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Figure 2: The four main categories of information in the proposed desigeonsiderationsfor AV
interaction with other traffic participants
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Figure 3: ADS-dedicated vehicles used for the CityMobil2 showcase in LRochelle
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Table 1: Number, gender and age range of participants in the interview studieat DLR and ITS Leeds

No. of male No. of female Age range
participants  participants
DLR 7 7 21 to 50 years
ITS Leeds 6 6 24 to 61 years

Table 2: Categories of informationand suitable design options to transfer information (marked with “+”
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850 Table 3: Overview on addressed category dhformation and chosen design options (marked with *) of some existing AV digs concepts (as of mie2017)
Categories of information Design options
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Design concept/patent = v = asl o= )
CityMobil 2 vehicles * * * *
Rivium PRT * * * *
GRT Masdar * * * *
Mercedes Benz FO15 * * * * * * * * *
Nissan IDS Concept * * * * *
Toyota Concept * * * *
FORD Concept * * *
BMW vision 100 * * * *
Mitsubishi Electronic * *
SemcorSmiling Car * * *
Google Patent * * * * * * * * *
AVIP * * * *
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Duke University * * * *
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Table 4 Overview of advantages and disadvantages of the different design options

Design option

Advantages

Disadvantages

Infrastructure

Reduces the number of -
potential conflicts when -
separated lanes are used -
applicable in higkspeed and -
low-speed scenarios

dedicated tracks increase
feeling of safety

Expensive

Lengthy implementation process

Limits AV to specific areas

Requires local or national government by

Vehicle shape

AV can be recognised as clea -
sender of information -
applicable in higkspeed and
low-speed scenarios

Manufacturer specifie- not standatised
No differentiation possible for véties with
multiple automation levels

Vehicle behaviour

Similar to common interaction
AV can berecognigd as clear -
sender of information
applicable in higkspeed and
low-speed scenarios

Cultural differences in expected vehicle
behaviour largevariations that make it difficult
to standadised

Visual HMI: text

Specific meaning can be -
transferred -
AV can berecognigd as clear -
sender of information -

Language skills necessary

Reading skills necessary

Other traffic participants need to look at ¥
Strong limitationfor visualy impaired traffic
participants

Cannot display detailed information

The sizing of the display must be large to be
viewed at distance

not applicable in higlspeed scenarios
Overloading when used by several $ah the
road

Visual HMI: light
patterns

No language skills necessary -
AV can be recogsed as clear -
sender of information -

Meaning of light patterns not intuitive

Other traffic participants need to look at the AV
Strong limitation for visudy impairedtraffic
participants

Some standargition needed

Visibility of symbols may be reduced in poor
weather or very brigt sun

worse applicable in highpeed scenarios
Overloading when used by several $ah the
road

Visual HMI:
symboldicons

No language skills necessary -
AV canbe recogreed as clear -
sender of information -

Meaning of symbols not always intuitive

Other traffic participants need to look at the AV
Strong limitation for visudy impaired traffic
participants

Some standargition needed

The sizing of the display mubgt large to be
viewed at distance

worse applicable in highpeed scenarios
Overloading when used by several $ah the
road

Acoustic HMI:
spoken words

Specific meaning can be -
transferred -
Other traffic participants do not

need to look at the AV -

Languageskills necessary

Strong limitation for hearing impaired traffic
participants

AV as sender more difficult to detect

Not applicable for communication over far
distancesnot applicable in higlspeed scenarios
Not targeted at specific traffic participants
May cause noise pollution

Overloading when used by several $ah the
road

Acoustic HMI:

No language skills necessary -

Strong limitation for hearing impaired traffic
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sounds

Other traffic participants do nc
need to look at the AV

participants

Poorlyapplicable in noisy environments

No specific meaning

Not applicable for communication over far
distancesnot applicable in higlspeed scenarios
AV as sender more difficult to detect

Not targeted at specific traffic participants
May cause noise pollution

Overloading when used by several $&h the
road
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