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ABSTRACT

With the advent of Level 4 autonomous vehicles, the need for effective communication between these vehicles
and pedestrians has become increasingly important. To address this, eHMI (Enhanced Human—Machine Interface)
technology has been proposed to replace traditional driver—pedestrian interactions. eHMI plays a crucial role in
conveying the vehicle’s status and intentions to pedestrians, thereby improving interaction. Globally, automobile
manufacturers and technology companies are investing in visual eHMI technologies, advancing in tandem with
the automotive industry. This study developed a methodology for field evaluation of communication technologies
between pedestrians and Level 4 autonomous vehicles in urban settings. A three—stage message and display
system, tailored to the pedestrian crossing process (recognition, judgment, response), was established. In
experiments without message displays, 42.2% (38 out of 90) of participants abandoned crossing. Most who
crossed did so only after the vehicle stopped, with some groups crossing irrespective of vehicle approach.
When the ‘yield message was introduced, crossing patterns and speed distributions changed significantly. All
38 participants who initially abandoned crossing decided to cross, and the elderly who previously ran or walked
quickly crossed at a normal pace, reducing overall crossing time. Field experiments are crucial as real—world
conditions may elicit different behaviors than controlled settings. Continued research in field evaluations is
essential to develop and assess effective eHMI messages. By observing and analyzing actual pedestrian movements,
we can reliably evaluate the effectiveness of these communication technologies, thereby enhancing interaction
between autonomous vehicles and pedestrians.
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Fig. 1 Defining the range requiring explicit communication
in detail
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Table 2 Strategy for conveying contextual messages
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distance autonomous vehicles — —
- Message indicating the vehicle's intent
50 km/h 41.7m 28.4 m 70.1 m Step3 regarding right—of—way to help pedestrians
30 km/h 25 m 10.2 m 35.2 m respond to its intentions
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Table 3 Detailed field pedestrian crossing response experi—

ment
Detailed E i tal .
Category ctarec txperimenta Data Collection
Method
The vehicle departs from a
distance of 90 m, Investigator A
. accelerates to 30 km/h, drives the
Vehicle .
then decelerates (30 km/h) vehicle
Movement .
from 40 m before the stop (driver not
line, stopping at the stop visible)
line.
Investigator B
Display messages at controls and
Message . . .
Displa specific points (37.5 m / displays
Y 225 m/ 17.5 m) messages at
specific points
The experiment starts Subjects move
when the subject is 3 m under the
. from the crosswalk and the| guidance of
Subject K . X
Movement vehicle starts moving. The | Investigator C
subject approaches the with a walking
crosswalk and decides to measurement
Cross. device
. Investigator D
Collect data on vehicle start & .
. . records vehicle
time, message display
. . movement
times, and stop time X
times
Others
Collect data on the .
S Investigator E
subject’s approach to the .
. . records video
crosswalk, arrival time, and .
. . and times
crossing start time
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Table 5 Pedestrian crossing decisions without eHMI message

E‘ Crossing decision
ﬁ‘ . Non— x2 Total
' Category Age CFOSSIHg Crossing (p—value) (N)
- g = - - (%)
t - . . (%)
Pedestrian approaching  Arrival at crossing Pedestrian Pedestrian Non— 33 27 60
begins starting point crossing begins crossing ends Ag eldery (550) (450) 279
\ I\ N ) e
—_— o T o o The 19 11 (597) 20
roaching section 'edestrian crossing edestrian crossing section
o o decision section : o eldery (63 3) (36 7)
Fig. 6 Pedestrian crossing reaction test environment Mal 29 17 4
€ 630 | 37.0) 673 6
Gender 412 [ |
Table 4 Example of data set for pedestrian crossing speed Female 23 21 : 44
(52.3) 47.7)
Vehicle | Pedestrian | Distance to Vehicle
Sec | speed speed stop line of | arrival time Table 6 C . 4 of pedestri . . ,
(m/s) (m/s) vehicle (m) (s) able rossing speed of pedestrians in a ‘no message
0 8.33 0 55.81 6.7 Pedestrian crossing speed | Independent
1 | 833 | 0085747 | 51.64 6.2 Age (nv/s) t—test
Average Std (p—value)
= Non—eldery 1.052 0.158
7 5.37 0.097731 16.67 3.1 1.89 (0.073+%)
The eldery 1.246 0.319
) e sk o) 2 T £ Table 67 22 A7} kst ik malzt
I 7 Eay A g AT O] =%
6% o] aar) Ej @A) e g 54 *} o] Yt £r = P 1.052(m/s), EFHAF 0.158 (m/s)
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Distribution of crossing speed without message
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Fig. 7 Non—elderly pedestrian crossing speed distribution
in the ‘no message’ situation

Distribution of crossing speed without message
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Fig. 8 Elderly pedestrian crossing speed distribution in the
‘no message’ situation
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Table 7 Crossing speed of pedestrians in a ‘Yielding message’

Average
pedestrian .
crossing paired ¢
t—test statistic
Age | speed (std) p—value
(m/s)
Without Yielding X
Difference
message message
Non— 1.052 1.092 0.04 0.975
eldery (0.158) 0.147) ' (0.330)
The 1.246 0.885 —0.361 —8.738
eldery (0.319) (0.110) ' (0.00xxx)
#p<. 10, ##p<.05, #++p<.01
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Fig. 9 Non—elderly pedestrian crossing speed distribution
with yielding message
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Fig. 10 Elderly pedestrian crossing speed distribution with
yielding message
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