Vehicle's Driving Mode and
External Appearance:

Effects on Pedestrians’ Road-Crossing Behavior

Debargha (Dave) Dey

ey

A‘I’: i Applied and TU/e Elgll\)/};r?sv;sop
;40“ I-CAVE N WO Engineering Sciences =~ W ¥ ) W TECHNOLOGY




SEARCH quoTes Q

&CNBC

™V
CNBC

S

POLITIC!

TECH

INVESTING

SS

BUSINE

TS

MARKE

AuTos

ople
5 more pe
cars are scaring

iving

Self-driv

EDT
:58 AM
18.6:
TUE, MAY 22 20

ISHED

PUBL

o

rris 2061/
Robe";?:ﬂ,;ewk's"‘"
/RO
t‘::NanRTOFE“RIS
@

f v

SHARE

rlizzj
¢llon University
Pirtsbu , PA, 1
forlizzi@cscmu.edu
CcT dcvcluping Avs; e S fangeq from AUtomopjj,,
M0US vepj, have pe,, in lopmeny for fear]y Manufyeq, s Motorg , leading rechnulugy
fars g, “cently haye begup Crate jp, realy, orld, C ch ag Apple [26].
,‘:::.:,’:‘)’,u”:: J cx‘ :ls“ u‘:llh “;h" u‘ o \"."I’Ols d With \\'hileanun ber Of researey 40d degigy technigy g have peg,
Utongy, US Vehjgl, AV) js /. H, we Presen 4 devel,, ed g, er m» he cxp;m:nu. ol'inlcmc(ing With
: iew stug 32 Pedesyy; s haye mlul:nclcd With \s in simulalcd xeumgs [.76] littje or Unity hag been
S. Oyr Iimlings are focugeq undcr'mndmg ang Allordeq [ bserye humgxn Mleracyjo, Vith actug] /!Vs
trugy orAV;. Plions of Ay and o, tificig) ; te ligenc, opwalmg N reg).y, xcumg - This Study jg One of, the firgg
hose and hg,, the pcrwpu'an of g brang UTeer these Onstrycyg, B tempy this p roc
iving car than t We foung an herep, n:lalwn'slup betye,, AVorap), urthe mog; the Space of humgy,
in a self-driving perupl.wm Of tech, ology ang feelingg f trugy tow AVs, Nleraey, th sed op driy,:(.\,'chiclc
Idn't ride in fust Avg S also Uence, by o fa rabje “Quatioy, P, CSlrian
they wou mlcq)remiun of Lomp.'my's rand angd l.:cilira by lantg due ¢4 thejr
mericans say ding to AAA. ccidents knuwlrdgc bout yp,, AV techy logy jg d hoy, j, mighy and Jaep direcy
* More A in 2017, accor ublicized a Gt ingy Yeryday g To oy 5, Wledge, aper s O better Crstang
urveyed in n to highly p first ¢ Surface oy, Telateg interyje, ' data frop, Pedestripy,g ; T and epg, e safe
KEY 2 sed concer A naturg) L-worlg settip, More knowlcdgc
POINTS ibutes the increa Autho, Keyw, d; 2t ifded
report attri iving cars. Aulonomous Vehicle, fielq Study; iy hunmn~vclniclc In thig Paper, W€ presen 0 interviey,
® The A elf-driving inlvmcu'un, leractiop Vith Ayg
involving s Pedestriy,, iy i
CS Concopys ess of AVs ing “AVs are trustworthy
. lluman~cem=re ulllpuling ~ Field ) ; Awaren Rating sted in AVs"
TRODyCyy6 Sipartiot e s Rating T am intere
Autong, Vehicleg (Avg “AVs are impos I
Aearly g, ears 3, ] ang pf - Rating important for society
realistic g0 since | Rating *AVs are impor
Irangp,, IS 0f gregy imwcsl in
Omajng S alsop Barne ”
“Xamp] in2g) “chWorg

l'nnmuun 0 maj, ds
Persong) O claggrg,
a0t

e 1o Jigyg
SS108S frop, Per)

g (1-5)
age Likert R;\!mh(l 5
Avera a

N

n

jareness
Some aware
Some

yarencss

aware

. 0 no

Littlet




Missing Driver-centric communication
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Source: Lundgren, V. M. et al. (2015). AVIP : An Interface for Communicating
Intent of Automated Vehicles to Pedestrians.
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Vehicle appearance
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AV appearance
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Research Questions

Effects of:

 Perceived driving mode (normal vs. automated vehicle)

« External appearance

* Friendly vs. aggressive
e Ordinary vs. futuristic
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Experiment Setup

Renault Twizy BMW 3 series sedan
Friendly Aggressive
Small Large
Low-power High-power
Novel Ordinary
Futuristic Commonplace
P
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Experiment Setup
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Experiment Setup

Measurement points:

45m, 30m, 15m, 5m, 1.5m
Car started to brake gently at 54m away (1.8m/s?)

Independent variables:

Vehicle type (appearance)

Vehicle behavior (Yielding/ non-yielding)

Vehicle driving mode (automated/ non-automated)

- Between subjects
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How does Willingness to Cross change?

BMW 3 series, non-yielding behavior. Error Bars: 95% Cl Renault Twizy, non-yielding behavior. Error Bars: 95% CI
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Takeaways

Driving behavior is the most important determinant of crossing decision (implicit communication
of intent)

Driving mode (automated/ manual) had no statistically significant impact on crossing behavior

External appearance had a significant impact in the “ambiguous zone” (neither to far away, nor
too near)

» Pedestrians were less willing to cross in front of the Twizy
» Futuristic and novel appearance caused hesitance. <Experimental vehicle?>
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Follow-up: Appearing like an AV
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« How effective is a sensor system make a vehicle look more “self-driving”?
« Will a“self-driving capable” appearance have a positive effect on willingness to cross?
« How does an external HMI (eHMI) as an explicit intention indicator affect willingness to cross?
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Baseline
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Findings

Condition
6 M Baseline
M HMI
5 =Appea1'ance
HMI+A §
. SRS Both sensors and eHMI made the car look
= more like a “self-driving car”
A 3
5
= 2 .
Even when such cars are not popularly seen in
! AL The Netherlands
’ =
" Positive Experience ~ Autonomous Intention

Appearance Recognition
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Percentage of participants feeling safe to cross

Findings
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Takeaways

» Sensors seem to make people think that a caris “self-driving”
» Despite that, people are not necessarily ‘afraid’ to cross the road
* eHMI appears to aid crossing decisions

When AVs behave in an expected manner, people seem to behave around them
just as around ordinary cars

Putting the previous findings together: a highly futuristic design can cause hesitation by
breaking mental models. But sensor systems do not.

For future AV introduction: design choices are important. It may be beneficial to not make AVs
stand out as too futuristic to ease social acceptance in the early stages
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