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A Study on Assessing User Preferences for Autonomous Driving Behavior

Using a Driving Simulator

AT FHAT-HES U R E Y
* FAA - AEAEU A wFEEH HAEE, FEH | ESE]o} thEo|Ak
o WAAR : @EH o] EFE o} VRWEATALY A&FFATE A%

ik FAZL L EBEPAIEZZ o VRANEATARI S A%

s A EZIETH LERNATY BAATH FHATY

Dohoon Kim* - Sungkab Joo** - Homin Choi*** - Junbeom Ryu****
* Dept. of Transportation Eng., University of Seoul, CEO of FORUM8 KOREA Co., Ltd.
** VR Research Department, FORUM8 KOREA Co., Ltd.

#%% VR Research Department, FORUM8 KOREA Co., Ltd.

*#*% Traffic Science Insititute, Korea Road Traffic Authority

¥ Corresponding author : Sungkab Joo, skjoo@forum8.co.kr

Vol. 22 No.3(2023)
June, 2023
pp.147~159

pISSN 1738-0774

eISSN 2384-1729
https://doi.org/10.12815/kits.
2023.22.3.147

Received 12 May 2023
Revised 23 May 2023
Accepted 25 May 2023

(© 2023. The Korea Institute of
Intelligent Transport Systems. All

rights reserved.

2 o

ALFYAFE UL GFAEZ 3] A A&FY 4Pl FE5HE 0 4AE 9
3 mmlo] WasAL ek ALFY AP 74 Yol e HEEE Brhsko] o] g4 2
SFYAF Yo VEEE Bolt FYYHE Fohhua Bk HFAFL Sl AE
o] FAH L% ol Fel £ F IHA A8FY HFL THHL, AYY + U=E
ek BoAl AAECIEE FH, B4 A5 HERAE AAA &7 £30] e

20502 BReL, £UE Aol vn BHSAn. FAH 4 LaAel 24
A Ao A4 BE AR 2HLH FYYE HEdch

ol AT, AeFd A, 7MY, AeFH 784, AAHlH

ABSTRACT

In order to make autonomous vehicles more trustworthy, it is necessary to focus on the users of
autonomous vehicles. By evaluating the preferences for driving behaviors of autonomous vehicles, we
aim to identify driving behaviors that increase the acceptance of users in autonomous vehicles. We
implemented two driving behaviors, aggressive and cautious, in a driving simulator and allowed users
to experience them. Biometric data was collected during the ride, and pre- and post-riding surveys
were conducted. Subjects were categorized into two groups based on their driving habits and analyzed
against the collected biometric data. Both aggressive and cautious driving subjects preferred the
cautious driving behavior of autonomous vehicles.

Key words : Autonomous driving, Autonomous driving behavior, Virtual reality, Autonomous driving
acceptance, Biometric data
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<Fig. 2> EEG measuring device

<Fig. 4> Heart rate measuring device
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<Table 1> Characteristic of each EEG frequency band

EEG Frequency band Characteristic
) 0~4Hz Asleep, Suspected brain tumor, encephalitis when activated in a state other than sleep
) 4 ~ 8 Hz Occurs during drowsiness or deep meditation, most active in REM sleep
a 8 ~ 13 Hz Default state, relaxation, most active in a relaxed state
B 14 ~ 30 Hz Most active in states of stress, attention, concentration or anxiety or tension
SRS 250 $HY W WA AT BAF N)SHE Ao B ATAAE 3 B3} ol
ANE BHste] ZASAT AT o §A7E A&FW F BAGS LW 2elojy W mE 4 5
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<Table 2> Autonomous driving behavior implementation prameter value

Parameter Cautious ‘ Aggressive
Normal condition
. . Unexpected situation
Reaction time 0.1s
Acceleration
Deceleration
Start-up delay Signalized intersection 0.1s
. ‘When dl’lVll’lg TTC] TTC4
Gap distance -
When stopping 1.5m 0.5m
Acceleration Passenger car 1.3m/s? 1.7m/s?
Deceleration Passenger car 3.5m/s 4.5m/s*
Target speed Cannot exceed speed limit Current driving lane speed limit

152 QIR TSYUR| =27 227, TM|3%2(20234 62)
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<Table 3> Driving routes and driving scenarios

Road Traffic environment Differentiation factors by driving behavior
Merging section :g?gdaigeit::r;‘; vehicles
Free driving - Driving speed, gap distance, acceleration, deceleration, lane change frequency
Expressway - Gap acceptance when lane change
When congestion - Lane change completion time
- Yield for lane changing vehicles
Diverging section 'Whether 0 Cu,t in .
- Yield for cut in vehicles
Entering urban road - Gap acceptance
Right turnl - Approach speed, turning speed, gap acceptance
Stop at intersection - Deceleration start point, Deceleration, lane selection according to queue
Urban road
Left turn - Approach speed, turning speed
Dilemma zone - Whether to Traverse, approach speed, deceleration
Right turn2 - Approach speed, turing speed, gap acceptance

<Fig. 5> VR environment (Expressway) <Fig. 6> VR environment (Urban road)
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<Table 5> Preference comparison result between autonomous driving behavior by group

Group Driving behvior Mean Std.dev t value P value
Aggressive -11.22 13.007
A 2,171 0.042
Cautious 1.79 14.619
Aggressive -10.89 9.558
B -2.284 0.033
Cautious 0.69 12.925
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<Table 6> EEG(B) comparison result between groups by autonomous driving behavior

Driving behavior Group Mean Std.dev t value P value
A 0.1793 0.0619
Aggressive -1.289 0.209
B 0.2197 0.0982
A 02172 0.0624
Cautious -1.274 0214
B 0.2783 0.1676

2 B3 A5o] Apo|7t wA S A AHE AR 95% AFFEolM=
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<Table 7> EEG(B) comparison result between autonomous driving behavior by group

Group Driving behvior Mean Std.dev t value P value
Aggressive 0.1793 0.0619
A -1.887 0.082
Cautious 02172 0.0624
Aggressive 02197 0.0982
B -0.996 0.339
Cautious 0.2783 0.1676
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<Table 8> Electromyography (leg) comparison result between groups by autonomous driving behavior

Driving behavior Group Mean Std.dev t value P value
A 344 1.582
Aggressive -0.403 0.691
B 3.70 1.702
A 3.67 1.727
Cautious 1.369 0.184
B 2.89 1.009

2% WA ALFAAT) BE THEE NIP A3} Bl 2ASRS FAHOE AART Yt
TETable 9, ATE)Y A A2F BTG G2 o7k Y= A0 vebyith T Ble) UL
ol o2 JASIL S TEMable 9, B1E)) A5 A A&TUA 2 B 37
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Uebstth mheba] Boj Rl $AFEe 7L e ol AE S AeFAL sAHcE FYL W o 2

Sy

<Table 9> Electromyography (leg) comparison result between autonomous driving behavior by group

Group Driving behvior Mean Std.dev t value P value
Aggressive 3.44 1.582
A -0.428 0.676
Cautious 3.67 1.727
Aggressive 3.70 1.702
B 2.205 0.050
Cautious 2.89 1.009
o R ZHEY AS AETFRAF @ T BULOE s 2HAY & JAY A8k P9
& #53817] 98 SAAT. <Table 10>+ H AW RLES} 2HARARENAM IFIH] 2Ho] & HlalE
4@ st Y AAED AR FANF Aol Qi A0 e

<Table 10> Electromyography (arm) comparison result between groups by autonomous driving behavior

Driving behavior Group Mean Std.dev t value P value
A 3.73 1.769
Aggressive 1.362 0.186
B 291 1.150
A 345 3.06
Cautious 1.212 0.238
B 2.36 0.577
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<Table 11> Electromyography (arm) comparison result between autonomous driving behavior by group

Group Driving behvior Mean Std.dev t value P value
Aggressive 3.73 1.7694

A 0.510 0.619
Cautious 345 3.0612
Aggressive 291 1.150

B 1.870 0.088
Cautious 2.36 0.577

g OEQHES w4 u wiA o Q) FUkete Zlow & dEA ok wakA A
-2 Ea) BAsta; st T <Table 12>

Al
=
Rt Ak Wlwd Aoty 1 Ax IR A Aole gle AL

<Table 12> Heart rate comparison result between groups by autonomous driving behavior

Driving behavior Group Mean Std.dev t value P value
A 75.56 8.888
Aggressive 0.591 0.560
B 73.46 9.589
A 74.85 8.304
Cautious 0.526 0.603
B 73.05 9.470

<Table 13-4 T8 ) ASFYRED A0S IRHAAE KU o]} gl A0 EEHS
o Alukre] A HAl ARAZE 08F 18 AA0E gho] Z4He] /=HT Hepy HEEd] tie
Mg AA7loE @AV AU AoE BaH,

<Table 13> Heart rate comparison result between autonomous driving behavior by group

Group Driving behvior Mean Std.dev t value P value
Aggressive 75.56 8.888
A 0.665 0.518
Cautious 74.85 8.304
Aggressive 73.46 9.589
B 0.614 0.551
Cautious 73.05 9.470
V.4 &
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