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Abstract

The number of older road users is getting increggilarger in Europe. Therefore policy makers payen
attention to the abilities and limitations of thioup of road users. Providing accessible and cadatite
assistance and safety functions for mobility ieg &hallenge in the objective of extending autonpomy
independency, safety and a good quality of lifethis paper an outlook is given on the action plascribing
the recommendations for the European Commissioa.pféferred mode of transport for older road usecsr
driving as long as they can drive safely. In-caht®logy could help them maintain driving longed aafer. A
cooperative Automatic Emergency braking system BRAwas developed to improve bicycle collision
avoidance for older drivers. Two Human Machine ffistees were designed and evaluated with a usat@ity
including both young and older driveResults showed a tendency for older drivers togpreérlier warnings
than younger drivers.
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1. Aim

Access to transport in older age is key in the abje of extending autonomy, independency, safatyagood
quality of life. In this paper an outlook is given the action plan describing the recommendationghe
European Commission. New technologies for olderedlsi could help them moving safely through trafficcar
systems can make driving easier for elderly by camspting for their reduced capabilities and hekroame
limitations associated with ageing (Davidse, 200%)s would enable older drivers to keep their éris license
longer, decreasing their accident involvement arfthacing traffic safety. At the same time howebhest new
technologies could add to task complexity and dehwanich can cause unfavourable effects like in@das
workload, distraction, behavioural adaptation amtterease in situational awareness. It is knownwith older
age deterioration of the brain begins primariljrattal regions (Raz, 2000). These deterioratiangdt
influence the capability to perform in complex nitabk situation such as driving with in-car devieesl
decision making on complex intersections. To susfcdly assist the elderly road user it is esserttiat new
technologies have an optimized human-machine exterHMI) that takes in consideration the functlona
decline associated with ageing. This study dessrbeooperative Automatic Emergency braking syg@em
AEB) was developed to improve bicycle collision &lance for older drivers. Two Human Machine Inteefs
were designed and evaluated with a usability resuding both young and older drivers.

2. Profiles of Older People

Current predictions show that the share of peogéel &5 years or over in the total European popmrias
projected to increase from 17.5% to 29.5% in 2BB0ROSTAT, 2014). Moreover, the number of peopledage
80 years or over is expected to grow from 4.8%4.2%. In order to keep older people actively invdiue daily
activities, it is vital that they are able to trhsafely. These demographic changes produce coaside
challenges for future transportation systems aadgphew and growing demands on transport systemgheD
whole, older people who drive will prefer to contendoing so for as long as possible and will alqueet to
have access to alternative transport modes thatthme individual needs, especially as they appihd20 years
of age. Compared to other modes of travel like walland cycling the physical demand of drivinghis towest
while cognitive demand is relatively high becaukéhe velocity. Older road users are consideredemnalble
road users (VRUSs) together with children, pedessriand cyclists, who have a higher risk of beingived in
traffic accidents.

Future transport systems and services will plagssential role in supporting independent, healtfgireg. The
EU GOAL project (Growing Older, stAying mobilLe) a@uh at comprising current knowledge and identifying
research gaps in order to develop an action plaimfmvative solutions to fulfill the transport rikeof an
ageing society.

When evaluating current developments of solutidris,vital to gain comprehensive insight into the
characteristics of the group of older people. Balbicthe group is merely defined by age but inelsid wide
range of different characteristics, comprising higlissimilar types like physically fit and actigeniors as well
as frail and immobile seniors suffering from phgsior mental limitations. In order to thoroughlyopide for
the specific, heterogeneous requirements of oldeple, the GOAL project has developed distinguikhahd
internally cohesive profiles of older people. Thefjtes of older people resulting from this worlpresent
typical combinations of mobility-related characstids. The development of these profiles requinediniclusion
of different information sources. An initial idefitiation of common sets of characteristics in thieo
population in Europe has been derived from statibtiluster analysis based on a cross-nationall plat@base
comprising data on health, socio-economic statdssagial and family networks of more than 55,000
individuals from 20 European countries aged 50v@rothe SHARE database (Survey of Health, Ageimd) a
Retirement in Europe). These first types have laelanced by adding information on physical and alent
barriers, regional and socio-demographic differentansport, life satisfaction and living envirogmh collected
from more than 70 relevant international publicasiostudies and reports. Finally, remaining rele@espects
have been addressed in two small-scale trans-@ésonveys (among older people as such and amgreytsx
and intermediaries working with older people).

In total, five internally cohesive profiles haveeeidentified and elaborated. The profiles inclagecifications
concerning demographics, physical and mental hesditial life, living environment, mobility-relatexbpects as
well as transition points (life-changing eventsgiag transitions in the profile affiliation).

Figure 1 illustrates the five profiles in relatitmtwo substantial characteristics: age and lefrattvity.
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Fig.1. Profiles of Older people by age and actiletel.

The youngest, healthiest and most active grodei®ted-it as a Fiddle(FF). Theprofile namedthe Care-Full
(CF) containghe frail, impaired and immobile very old ones, vdre dependent on the help of others. The
members of the profilan Oldie but a Goodie (OGire quite mobile and independent despite theiagkl
Persons in thelappily Connected (HQJroupare fit, active and satisfied elderly with excetleocial networks,
and the profileHole in the Heart (HH)ncludes older people suffering from mental as \aslsevere physical
problems at younger ages. The comparison of thiegoeveals important facts that constitute teeassity of
developing solutions which are targeted to the ifipateeds of different types of older people. Ezample, as
financial resources are strongly linked with empheyt, two “younger” profiles (FF and HC) have nolggems
to make ends meet. For the “young” HH group, haavethe financial situation is worse, where marey ar
retired, unemployed or chronically ill. Althoughdith is generally closely related to age, membéthedOG
profile are still relatively healthy until high agand the HH group has to face health problemswatger ages.
Eyesight and hearing related problems as well asedéa and Alzheimer’s can be observed in the Odtha
CF groups. Worse (physical and mental) health ¢mmdi can be found in the CF profile, they depenathers
for their mobility. In general, driving is rated @asry important among all profiles. The lowest dapendency
can be observed in the OG profile, where the putdiesport usage is comparably more frequent argt trips
are done on foot. Gender-related differences wepeitransport are distinct in the HC and to sorterg in the
OG group, where men are the drivers and womenahsemgers.

The five profiles were used to evaluate the sthtbeart literature and the gaps in knowledge abtder adults
in traffic and the needs of older adults regardimability for all modalities i.e. walking cycling,ublic transport
and driving. Seven research actions were definatdntbed to be addressed because of the considénatdport
challenges we face by the growth of the older peppbulation in the coming decades. The sevennesea
actions should be taken forward immediately if we @ understand and exploit the opportunitiestabée older
people to enjoy safe, sustainable and sociallgfyaty lifestyles.

These are the research actions;
1 Develop databases on walking and cycling behawigwlder people
2) Identify motivators for walking and cycling foider people
3) Investigate the transition behaviour from caotioer modalities
4) Develop methodologies to assess the benefjisilalfc transport accessibility measures
5) Identify the requirements for travel informatiand social media suitable for older people
6) Assess the impact and potential of future tetdgyofor the older driver
7) Develop driving screening and assessment tomlpeograms



3. New technology and the older driver

Driving was rated as important and the preferredenaf transport for all profiles. One of the resbagctions
(6) emphasizes the potential of future cooperatednology for the older driver in order to as#ig driver and
increase road safety. Cooperative mobility will opea the way we currently drive our cars: the visidn
cooperative mobility is that in-car and on roadssea will support the road user while driving, asaadition to
the limited cognitive capacity and perception & Human being. For example, drivers can only redponvhat
they observe in their direct surroundings and riegmd to make decisions. With the help of directigkhto
vehicle or vehicle to infrastructure communicatiorgre information can be exchanged quicker thanamsm
would be capable of. Anticipating communicationtsyss have the potential to influence individualiekts and
drivers and even traffic streams, which will make traffic system more safe, efficient and comfagawith
less traffic jams and emissions. Such technologieaklopments of cooperative driving in conjunctigith
developments for (semi)automated driving will chatige nature of the driving task considerablys hécessary
that older drivers are taken into account by makimge they are able to cope with this technology/taat their
needs are considered when these functionalitiebeing developed. Key to this assistance of theraddiver
with cooperative technology will be the level agfdd of automation and the Human Machine Inter{athdl)
design of the interface for the driver.

In the EU project VRUITS (improving the safety amdbility of Vulnerable Road Users through Intellige
Transport Systems) project, TNO evaluated two tyfd$uman Machine Interface (HMI) for a cooperative
automated emergency braking (C-AEB) system. Cuaatdmated emergency braking (AEB) systems operate
using forward-looking environmental perception sgasThese sensors do not provide sufficient inédiom
about objects in obstructed sight scenarios andrzkthe sensor field-of-view. Furthermore, thesesses
perform poorly when crossing scenarios are consijdrecause the sensors do not provide accuratallat
motion information. These type of scenarios areiipally important when vulnerable road users (V&jlare
considered like cyclists, pedestrians, children @ider road users. TNO has developed a C-AEB wighfocus
on improved bicycle collision avoidance, which emtes current sensor based AEB systems by fusimg the
with wireless communication. The goal is to impreadety performance by providing early object detec
improved lateral tracking and reliable object dfication. The technology is developed based onG%
wireless communication (ETSI, 2009), GPS, motiamsses, radar and camera sensors, information fusion
object tracking and AEB control algorithms. The ER\system identifies a bicycle object in the dirgicinity
of the host vehicle and determines whether thigdbécobject is on collision course with the hoshiete. If the
collision risk is large the system will warn thevédr several seconds before a collision is expettisdial,
audible, seatbelt pre-tensioner) and subsequehtiyg,manual braking is applied, actuate the vehin}
automated braking to prevent a collision. The tgnifi the warnings is based on the Time-To-ColligiomC).
Two variants of HMI warnings have been evaluated usability study(Table 1). Variant 1 consistsyasfl a
warning phase and an intervention phase, and dugwovide much information on the situational ficaf
context. In variant 2 the warning starts with afeimation phase and the whole warning proceduneoise
explicit concerning the (critical) traffic situatio Assumption was that by allowing older driversrentime and
by giving them a warning that does not rely on mgmetrieval they would prefer variant 2 over vatia.

Table 1: Two HMI variants of the C-AEB system. TTQCw#i-to-collision

Phase Variant 1 Variant 2

Inform - TTC =3 sec
Warning sound “watch out, bicyclist!”
Display: traffic sign

Warn TTC=1.4sec TTC =1.8 sec
Deceleration = -3mfs Deceleration = -3mfs
Pre-tensioning of seatbelt Pre-tensioning of seatbelt
Warning sound “beep, beep” Warning sound “ping, ping”
Display: [Brake] Display: traffic sign

Intervene TTC =0.8 sec TTC =0.8 sec
Deceleration = -6 mfs Deceleration = -6 mfs
Seatbelt still tensioned Seatbelt still tensioned
No warning sound No warning sound

Display: [Brake] Display: traffic sign




4. Method
4.1 Participants

38 participants took part in the study, includirfyy®dung drivers (52.6%; average age 26,85 yedss $,3);
and 18 older drivers (47.4%;average age 67,0 y8&rs- 1,8). All older drivers fitted the GOAL prtdiFF due
to a requirement of physical fitness by the ethacahmittee, in particular absence of neck and Ipaoklems.
The distribution of men and women was respectiéélg% and 34.2%.

4.2 Apparatus

A Toyota Prius was equipped with two on-board seng@adar, camera) and a sensor (ITS-G5 wireless
communication) to identify the dummy bicycle amslptacement. The data was transmitted wirelessigisted
of the bicycle position, The radar, camera, comated bicycle data and vehicle motion data thaeviesed.
The AEB control algorithm is the part of the C-ABBstem (Kwakkernaat et al., 2014) and decidestttoac
avoid the accident by sending a warning signahéodriver or acceleration command to the low level
acceleration controller of the vehicle. It usesdbgut of the risk estimation that takes the fusiejgcts and
host vehicle state and estimates if a collisiomisiinent. Current AEB algorithms (Helbig, 2013) asthree or
more phase approach, where the first phase alwahe iwarning phase. Initiation of the differenaipbs are
based on estimated Time To Collision (TTC). A samépproach is also followed for the C-AEB algaritby
implementing a three phase algorithm proving a warmmild braking and strong braking at decreaséwvgls of
TTC. The trajectories of the host vehicle and bigyre extrapolated over a certain period of time i&in this
period of time the TTC is smaller than the limit the warning or braking phases, the AEB algorithithwarn
or brake according to the minimum TTC found in ¢éixérapolation. The warning and the braking phasesiu
here are as follows, warning phase at 4s TTC, deatihn phase 1 with 3 m/s2 at 1.8s TTC and deatiber
phase 2 with 6 m/s2 at 0.8s TTC. The visual wammings a word “BRAKE” or a traffic sign warning far
bicycle (figure 2) A dummy bicycle object was pldc# the side of the road.
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Fig. 2. Toyota Prius with C-AEB warnings.
4.3 Questionnaires

For the evaluation of the two variants of the HMbtquestionnaires were used: The acceptance sealelér
Laan, 1997) and the questionnaire for usabilityhwito additional questions regarding trust andnigniT rust
was rated on a visual analogue scale from 0-10Qiaridg on a 5-point Likert scale ranging from “yegarly”
to “very late”. The acceptance scale consistedra questions with items scored -2 to +2 on a Bvploikert
scale. Scores where combined to derive the scalewsmdimensions: Usefulness and Satisfaction. The
questionnaire for usability was translated to Dwtold used to evaluate the participants’ favourdteant of the
HMIL.

4.4 Procedure

Participants where welcomed by the test leademgareh general information about C-AEB system. Tfiksd

in the informed consent form and a short questivarabout their physical fithess. After havingseeshort
introduction video about the C-AEB system the atmege questionnaire was given to the participangssess
their expectations about the system. Then, aligpaints experienced the C-AEB system by drivimgyactise
lap on a piece of road without traffic. For safeggisons, the bicycle object was placed at a fixesitipn and the
participants were instructed to drive towards, gt the standing bicycle at 15 km/h. After thecpsa lap the



participants drove two laps to experience the waymiand braking of the system with HMI variant @ 2n
respectively. After having experienced the systidrm questionnaires were given to evaluate acceptanst
and timing, and participants rated the usabilityhefir favourite system in the usability questianma

5. Results

Table 2 shows how often participants use diffeteartsport modes. Most of them drive their carslaikds on a
daily basis.

Table 2 Frequency of mode use

Public
Frequency Car [%] Motor [%] Bicycle [%)] Transport

[%]
Never 0.0 86.8 2.6 15.8
Sometimes 2.6 2.6 21.1 39.5
Monthly 7.9 0.0 2.6 21.1
Weekly 28.9 7.9 21.1 21.1
Daily 60.5 2.6 52.6 2.6

5.1 Acceptance scale

The first Acceptance questionnaire (filled in befdriving) showed that both elderly and young elr$vscore
positively on the usefulness scale. With regarth#osatisfaction scale, elderly drivers scoredtpedy as well,
though younger drivers seem to be more moderateat aatisfaction. Statistical analysis confirms this
difference. An independent t-test shows a significifference between elderly and young drivershen
satisfaction scale, t(34) = -2.18, p = 0.04. Intiigathat younger drivers (1 = 0.25) score sigaifitty lower
than elderly drivers (u = 0.73).
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Fig. 3. Acceptance questionnaire (Van der Laan7188er user-tests per age category

Figure 3 shows the scores for usefulness and adiish for each variant per age category after éxpeing
driving with the system. In comparison to the befmgsults, it can be seen that elderly driverbsstdre
positively on both scales for both variants. Intcast to the before results, most younger drivegsaso



positive on variant 1 for both scales. Though, i& pbthe younger drivers still judge variant 2 lawon
satisfaction.

Repeated measures ANOVA confirms these observatiindshows a main effect for variant, F(4, 31)394p
= 0.00. In addition, a Bonferroni on satisfactianyes that there is a significant difference betwéne before
condition and the after scores for variant 1 onsésfaction scale, p = 0.01. Indicating thatratfte user tests
drivers are more positive about variant 1 with rdga satisfaction, than before the user testsy @ritend was
found between variant 1 and variant 2 on the satiifn scale, p = 0.07 there was a slight indiceti@t drivers
assess variant 1 better than variant 2 for satiefadOn the usefulness scale no significant diffees were
found.

Figure 4 shows which HMI variants drivers prefer gge group. In both groups drivers prefer varigrihough
especially elderly seem to have a clear preferéflve.assumption of the chi square test (all expeobeints are
higher than 5) have been met. However, Pearsois@hare was not significant (p > 0.05). It can tfeeebe
concluded that age had no effect on the preferagidmt.

Favourite
system

M Variant 1
M variant 2

Count

Young Old
Age

Fig. 4. Drivers favourite system per age category
5.2 Timing and trust

Elderly drivers scored the timing of both variajutst above a 3, i.e. timing was slightly too lateunger drivers
score variant 1 similar to elderly drivers, thougltiant 2 got a lower score, indicating that timimgs slightly
too early. An independent t-test proved that tlieiedeed a significant difference between eld@uly= 3.33)
and young (4 = 2.76) drivers for variant 2, t(342=14, p = 0.04. Elderly score more positive thaang
drivers for both variants with regard to trust. &lg drivers trust variant 1 and 2 better then ypdrivers, with
mean scores of respectively pu1 = 84.33 u2 = 8®k@(y) and p1 = 67.38 and p2 = 63.10 (young).An
independent t-test shows a significant differenevien elderly and young drivers for variant 14}(3 -3.68, p
=0.00 and variant 2, t(34) = -3.62, p = 0.00.

5.3 Usability questionnaire

To determine whether elderly and young people thiffierently about C-AEB, an ANOVA is performed on
each question of the usability questionnaire wigh as independent variable. In addition, partidipéited in
the questionnaires based on their experience tin favourite system. The factor ‘favourite systén
therefore also included as independent variablbePANOVA, to check whether participants’ prefereneas of
influence as well. The following paragraph descitiee significant comparisons per relevant questdithe
other comparisons were not significant with p >50.0

System uses notations and conventions that areyalelaar

The ANOVA shows a main effect for age, F(1,32) =713 p < 0.01, and a significant interaction effiet,32)
=4.80, p < 0.05. This indicates that younger dav@ = 3.71) judge the system significantly lowarthis item
than elderly drivers (u = 4.81). In addition, yoengdrivers who prefer version 1 (u = 3.25) scogaigicantly
lower than elderly preferring version 1 (u = 5.00he difference is smaller between younger (u1¥¥and
elderly (u = 4.62) drivers who prefer version 2.



The potential of user errors in using the systefrery small

The ANOVA shows a main effect for age, F(1,32) 454.p < 0.05. This indicates that younger drivers(
3.54) believe to a lesser extent that the poteafiaker errors in using the system are smallpmparison to
elderly drivers (u = 4.42).

The system seems to “know” perfectly what userdaieg at all times

The ANOVA shows a main effect for age, F(1,33) 484.p < 0.05. This indicates that younger drivers(
2.46) believe to a lesser extent that the systeamséo “know” perfectly what users are doing, imparison to
elderly drivers (u = 3.27).

| trust the system signals and prompts even wiaen hot sure how it works

The ANOVA shows a main effect for age, F(1,33) =4B0 p < 0.01. This indicates that younger drigrs
2.85) trust to a lesser extent the system’s sigamadsprompts, in comparison to elderly drivers (f1.26).

The risk of having a road incident is reduced gy using the system

The ANOVA shows a main effect for age, F(1,33) 53%.p < 0.05. This indicates that younger drivers(
3.96) believe to a lesser extent that the riskanfiig a road incident is reduced by simply usirgdistem, in
comparison to elderly drivers (u = 4.75).

| easily know if the system is working properly

The ANOVA shows a main effect for age, F(1,33) 578.p < 0.05. This indicates that younger drivers(
2.52) believe to a lesser extent they will easitpw if the system is working properly, in comparigo elderly
drivers (u = 3.83).

The system increases my awareness on the possibleam exposed to

The ANOVA shows a main effect for age, F(1,33) =580 p < 0.01. This indicates that younger drigrs
1.58) believe to a lesser extent the system willdase their awareness on the possible risk tleegxanosed to,
in comparison to elderly drivers (U = 3.02).

| am safer if the system could send me more infdioma@n what is happening around me

The ANOVA shows a significant interaction effec(1RB3) = 5.67, p < 0.05. This proves that youngereds in
favour of variant 1 (4 = 3.00) score significadtyer than elderly drivers who prefer variant 154.33). In
contrast, younger drivers in favour of version 2=(3.33) score better than elderly drivers whorggrsion 2
(n=2.71).

| believe this system keeps me 100% safe only ivisaworking properly

The ANOVA shows a main effect for age, F(1,33) 607.p < 0.05. This indicates that younger drivers(
1.77) believe to a lesser extent that the systdhkegep them 100% safe if working properly, in caripon to
elderly drivers (u = 3.02).

6. Discussion and conclusions

The results showed that before driving with the EBAolder drivers are more optimistic about satiséa of
the C-AEB than younger drivers. After the userggstunger drivers became more positive about viatian
Overall variant 2 received very mixed opinions frgaunger drivers with regard to satisfaction. Agibke
explanation for more variation between youngerets\s that confident and in-control drivers prefeninimal
version, while drivers that like more support mighefer variant 2. Due to the greater TTC values spoken
text, variant 2 is easier to comprehend and allowee time for decision making and responding. Intiast, all
drivers were positive on the usefulness of theesystt therefore seems that the systems functigniali
appreciated, though the execution can affect dsisatisfaction.

Older drivers significantly trust the system mdrart younger drivers. In addition, younger drivessndt
believe that the system ensures that they will nhage an accident with a bicyclist anymore, that/twill



always be 100% safe, or that the system alwayssvd¥hereas elderly are significantly more positibeut
these items. So it seems that older drivers are ipositive about the usability of the C-AEB.

Most elderly drivers that chose variant 1 indicateat they would be safer if they received moferimation on
what is happening around them. Variant 2 scoraetbetgarding this item. Younger drivers are mazatral
with regard to this item. This seems in line witlk general understanding that elderly have mofieudties in
assessing the traffic situation. In addition, nedderly drivers indicate that they would be safehéy would
receive prompts and warnings earlier. To a lessnéyounger drivers indicate this as well. So naivers
prefer a first warning at TT& 3 sec. This could also be the main reason why dvbstrs preferred variant 2.

When asked about the modality of the warnings,adsiwere mostly warned by tensioning of the seftlaldio
warnings and the deceleration of the car were@isotioned as salient warning cues. In contrastjteshowed
that visual cues were not effective as warning dnesise of emergency braking most participant 'tiske the
visual warnings. A reasonable explanation coulthlaé an emergency scenario increases drivers’ wadckand
requires much visual attention, such that drivengehlittle attention to visual in-car informatioln emergency
scenario therefore requires a haptic and/or audimiwg. Specifically, the tensioning of the seatbekms to be
a useful cue that, not only ensures the driverstgah case of C-AEB, but also raises the alertoésise driver.

To conclude, variant 2 with earlier warnings wasigieed to suit the needs of older drivers bettesuRs
indicated that this HMI was preferred by older drivand also by part of the younger drivers. Fanmgmoved
version warnings could be prompted even earlidT& = 3 sec this would be advised if it is technolodical
feasible. The potential of future cooperative teathgy for the older driver was highlighted. In erdo assist
the driver and increase road safety cooperativientdogy will be developed and the driving task Wwidlcome
more automated. Excellent Human Machine Interfaasgh will ensure that older drivers will benefibrin this
technology whilst not increasing mental workloadlecision making time. Furthermore, by acknowledghe
different older driver profiles systems could besoe@alized or adapted to their needs allowing thedrive
their car for longer and safer.
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