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[Abstract]

The evolution of autonomous driving technology has resulted in a gradual diminishment of the role of drivers within vehicles,
prompting potential alterations to the traditional vehicle-pedestrian communication system employed by conventional vehicles.
Various methods employing human-machine interfaces (HMIs) to convey signals to the external environment for communication
between autonomous vehicles and the external world have been proposed. However, consensus on the most effective
communication method has not yet been reached. This study aims to develop and validate diverse HMI design concepts for
autonomous vehicles, with a focus on communication with pedestrians, taking into account the vehicle’s communication intention
and various driving scenarios. The research findings indicate that, depending on the autonomous driving scenarios, the design and

color of interfaces significantly influence pedestrian perceptions of usefulness, trust, and preference.
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Table 1. Traditional color systems for traffic lights

Traffic light color Intent
Red Stop, Warning
Yellow Attention, Recognition
Green Proceed
Blue Appreciation
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Table 2. On-road communication system based on intent

Intent Color Platform
Allow/Accept Green
Caution/Warn Yellow Lights/Text/Display/Projection
Stop Red
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Table 3. An example type of eHMI for V2P scenario #1

Color Text Only Text & Icon

Projection

Red

Yellow

Green

“The text in the eHMI has been written in Korean in order to fully
deliver the nuance and intent of the information.

+ V2P Scenario 20 AAI e A A2 51 AT AL
= 6gx}7} 25 B3 P8 AE eHMIE B3 A

E 4. V2P ALZ|2 28 eHMI /8
Table 4. An example type of eHMI for V2P scenario #2

Color Text Only Text & Icon Projection

Red
Yellow

Green

“The text in the eHMI has been written in Korean in order to fully
deliver the nuance and intent of the information.
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319k R S AAEHA o Slell eHMIE 53
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E 5. V2P AL2[2 3H eHMI 7E
Table 5. An example type of eHMI for V2P scenario #3

Text Only Text & Icon Projection

Yellow

“The text in the eHMI has been written in Korean in order to fuIIy
deliver the nuance and intent of the information.
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e V2P Scenario 4: $13 43l AHFr29] A& 2=
o] Bl Al B3 73S eHMIZ 3l ddsle A3

E 6. V2P ALZ|2 4% eHMI 7
Table 6. An example type of eHMI for V2P scenario #4

Color Text Only Text & Icon Projection

Red

Yellow

Green I|LH “"H

“The text in the eHMI has been written in Korean in order to fuII
deliver the nuance and intent of the information.

Red Text only
Scenario 1~4 | X Yellow X Text & Icon
Green Text & Icpn &
Projection

a2 1. V2P AL & eHMI 8
Fig. 1. An overview of eHMI types for V2P scenarios
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“The text in the eHMI has been written in Korean in order
fully deliver the nuance and intent of the information.

a8 2. =& HE CIARRl ofAl
Fig. 2. A design concept for “Text only” eHMI

(¢}

et d e ad

“The text in the eHMI has been written in Korean in order to
fully deliver the nuance and intent of the information.

J8 3. EXe} ofo|E HE CIXIRl ofA|

Fig. 3. A design concept for “Text & Icon” eHMI
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“The text in the eHMI has been written in Korean in order to
fully deliver the nuance and intent of the information.
8 4. X2} ojo|ZE, Z2MM XM C|X}2l oA

Fig. 4. A design concept for “Text & Icon & Projection”
eHMI
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rrdEel ofd a4t 7P 2 9FS MA=A F 419

o7 74 YAHE H%(Likert Scale)
A= T 2aZ o] HhA] 37}4] x A

7. ALRIE ALSAH UL 28
Table 7. Usability questionnaire items for V2P scenarios

Variable Survey Question
Does the eHMI provide useful information for you
Usefulness to fully understand the situation?

(7—-point scale)

HRUAHOIM o £oF =3l A|L|Z| 201 whE XISFHXIZF eHMI CIXR! 744 &| oF

B A3 tlaBeelo] frold Gake Wi A seiy
ATHGE 8). The vlm #4 As), A welx i APl
HEE7E 2% Apgel wis) felshl & AL FAg

S al
(p <.002), tj=Zo] W] HollA= A8, AF%, A%
= BT ERle} ofo| &, L2 Al o] 13 =
o vl3l FrelnISiA o 2 e Wi

|

o2 F8] (A9 ool wghije] AFsirh 14
%9 ek, T aZeo] Wao] FHAo] walte] 7}
o 4 Holehs A% el

E 8. V2P A|L{2|2 1of Chsh EAEA! 2o}
Table 8. One-way ANOVA results for V2P scenario #1

As a pedestrian, would you feel comfortable
Trust crossing in front of an autonomous vehicle with
this eHMI? (7—point scale)

Overall, is the eHMI design (combination of text,

Preference | colours, etc.) appropriate for the scenario?
(7-point scale)
4-3 24wy

2 Ao AFUAelA owrt BeEstA e F 4
7HA1] Alul Q. 2zl tisl] eHMIS] 4 AV} vl
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Depgndent Indepfendent Sum of o Mean F sig
Variable Variable Squares Square
Color 27.136 | 2 |13.5685.951|.003™
Usefulness Display 22.606 | 2 |[11.303|4.958|.007""
Color+Display | 2.712 4 .678 297 | .880
Color 22.460 | 2 [11.230| 4.628 | .010"
Trust Display 20.854 | 2 [10.427|4.297 | .014"
Color+Display | 3.783 | 4 | .946 |0.390| .816
Color 39.455 | 2 |19.727|7.578(.001"""
Preference Display 26.379 | 2 [13.189|5.067 | .007""
Color*Display | 3.712 4 .928 .356 | .839

p<.05"p<.01 7 p<.001
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HE 9. V2P ALI2|2 20] ChEF EAHEA! 23}
Table 9. One-way ANOVA results for V2P scenario #2

F 10. V2P ALl2|2 30f CiEh 2AHRA) 23t
Table 10. One-way ANOVA results for V2P scenario #3

Depgndent Indepgndent Sum of df Mean E ot Depgndent Indepgndent Sum of df Mean F o
Variable Variable | Squares Square Variable Variable | Squares Square
Color 133.773| 2 |66.886(28.873|<.001""" Color 125.879| 2 |62.939 (26.334|<.001""
Usefulness Display 62.970 | 2 |31.485|13.591(<.001""" Usefulness Display 25.955 | 2 |12.977|5.430 | .005™
Color*Display| 19.167 | 4 | 4.792 | 2.068 | .084 Color*Display| 2.121 4| .530 222 .926
Color 136.106| 2 |68.053(30.392|<.001""" Color 198.924| 2 |99.462|45.523|<.001"""
Trust Display | 65.288 | 2 |32.644|14.578|<.001""" Trust Display 25.015 | 2 |12.5085.725| .004™"
Color+Display| 18.288 | 4 | 4.572 | 2.042| .088 Color+Display| 2.061 | 4 | .515 | .236 | .918
Color  [156.460| 2 |78.230|35.922|<.001"" Color |209.636| 2 | 1% |45.609| <001
Preference Display 78.702 | 2 |39.351|18.069|<.001""" Preference Display 25379 | 2 112689 5.521 | .004""
Color*Display| 23.586 | 4 | 5.896 | 2.708 | .030" Color*Display| 5.121 411280 | .557 694

p<.05"" p<.001
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Table 11. One-way ANOVA results for V2P scenario #4

D\?pendent Independent Sum of df Mean E sig
ariable Variable | Squares Square
Color 95.520 | 2 |47.760|21.001|<.001"""
Usefulness Display 30.035 | 2 |15.018| 6.604 | .002"""
Color*Display| 2.434 | 4 | .609 .268 .899
Color 84.702 | 2 |42.351|19.382|<.001""
Trust Display 27.581 | 2 [13.790| 6.311 | .002"""
Color*Display| 5.374 | 4 | 1.343 | .615 .652
Color 126.884| 2 | 63.442|28.242|<.001"""
Preference Display 42.975 | 2 |21.487 | 9.565 |<.001"""
Color*Display| 10.040 | 4 | 2.510 | 1.117 .348
i p <.001
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