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ABSTRACT

With the rapid advances in automated driving technology, opportunities to experience automated
driving directly or indirectly are being provided to the public. On the other hand, research on the
preferred automated driving patterns from the user’s perspective has not been conducted in Korea.
This study used a driving simulator and an experimental vehicle capable of automated driving to
evaluate the user satisfaction regarding longitudinal and lateral accelerations. Automated driving
patterns were implemented in a virtual environment simulation using five values of longitudinal and
lateral accelerations derived from driving experiments. Among these values, three were implemented
through experimental vehicle-based automated driving to evaluate satisfaction and anxiety. The
participants evaluated lateral acceleration more sensitively than longitudinal acceleration and showed
higher levels of anxiety. Based on these results, the necessity of user-oriented evaluation research for
automated driving patterns and the suitability of simulator-based evaluation methods were presented.
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A & Qe 7137} BolkA 2 Jth o]v] Cruise Control, LKAS(Lane Keeping Assistance System)$} 22 1%
3}5 ADAS(Advanced Driver Assistance Systems)’} HAlE AFS F3lo SHAAELS FEAQA AE&F3 7]
=g &8s, &4l tE FES te APS Fa Aok ol 2 ALFY #d r|ey A 4
Aol A &4 Fet2RE Holu feAo s Ag TS #Es, A He MEE d2udd
o] AMHE AL gt £ F AUtk o] AN A&F Vs T AEFY HHS 7T A
of A o] &AES] REErt wdE  glod 1]'02?%‘0“ g s &Aool HopAls EAlol 2Hd
T Atk 53], F- WY ISR gie AQIvi Bt o] 2N, F- 3N VSRS 58 A

% %
74 sjde] Bel B4 0 35 A %Mow Wy Fg3) ge AAH BRFS 2T 5 9

0% FE FEol a7 o] ALFBL ol &3 A o] 84 WA AFHE AT AE
of g A7t Basith ¥ ATOAE o 84 BN BESE A4FY AWS F PIY AEE
"4 Brhste] thFol HUAOE £88 + UE MEE $ES FYtL, B DIF SRS UF 3

Z\r
7} A7} o | Aolg HoltA Hlsh ATE FASATH

I
>
X

gﬂ

32

o

r

2

ZuoAe F PPF MR BEE BHE skl he} Lo] AT WIIE A
] } s

:IL"ﬂ/Hh 73 71k =3 AlEEolE & Aat 7gk g0l Thedt APAE &8tk de A
EoA Z7EAEC] AR F e AEFY e FEL B £& UA %57_ A5 A&FPo] 7Hed
A g8 Q1 SAE(Society of Automotive Engineers) Level 3 45| ATHSAE, 2018). 71450 A4 &4 228
sS4 e "]'ﬁ"’ﬂ/ﬂ TEHE A&EFHe A AT IA AZE F e ﬂﬁa TEFA AE 22
ol Bagle A&FY e L AARE Stk AT WS T FFS VA= e a9l
T B oﬂ:r%ﬂ*‘]% T30 VISR St BER HUME TS AT AAH A AH &4
22hg o1 v A BEd AFgE ol AR A s, o] &A A HUE HES Bd AT S
Tt

AT A EF& Slste] o 2ol A7t FRHJT 1A, AEF ] F- AN Ut 2R
<= f8td T3 A EdolEE &8t A3 WS FAYPEE Este I APS ISt
JAe T T JLF VEEE BAStY A 7120 wet A& HEH S /AR F33Ean £39
shel A& ES TP Al ol N AU R TRt Yol EE S04 A Tk
T I VS s e b FYWE S KHole A&FHol st o] &2 FH BEEE HUlete A
< PRt olgA =2F A F 0T SR ti WUF AFE Besta, 9 AlE#ClH 7Rk
B B2 AAE FA] A8t AAF 719 ATl e APAE E85t dF AU
of g A3-e F7I= FdYs3t) o|e Zo] e ™ A AL 53 =FH ZHE EUE 4
£ 9 AAEE 2239

Vol.22 No.6(2023. 12) The Journal of The Korea Institute of Intelligent Transport Systems 285



SR JlgE 25 miEof et ol AL BHEE UL T

I.Alkad+ 22
1. A2F8 MEE EoF A7 Al

o]&A} A WEdhE ALF WS AR AT B AF7F AP ATKBasu et al, 2017;
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g AHE FFAIE AZEY Y T2 E =2 FYFA FHo] 71E¢ UC-winRoad(ver. 14.0)
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<Fig. 1> Driving Simulator with UC-winRoad program

2) Azt 7|8t AIBFHR

Azt 7 AEF A FRAM/EDFANA AL Y <Fig 2204 AAE 4PFOE Az
ohilm] mel AFE BEHACE AT s AR FIR way-point 71 FY A2 wek BE 22 ¢l
o] YT £E2 AEFYo| 7F53to] SAE Level 3 529 A&7 THo| stk Aol 7128 A2
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s, BRI us] Astel FYSES 0kmhE AAF] P APk
Y3k AASOCHFAHAB AN AT Y AP =27
Aol FFeIEE g 22 Bo] THH glo] AR SN HPE S AW DS 2

T gk B AFOIAE 500m ol FaAol Asd AUEE FRelA 4P APshach

<Fig. 2> Driving Simulator with UC-winRoad program

2. ME FIK TA U MEZY uhy

B Q7o B AA A F 36Ol <Table 1> Ulgol A} o] Aol FAR AAAS
AT 200hol A SOHE FAHAOH, AThA O 20th9) 300 T4 ulgo] E9hth A BA Yol
AA) Tl oF 7592 ool Hlste] B BT FAel ol FolAlth o F 5% WA FAR A3 7]
WA g5 A6l Folalalth F71 Aol B71e 59 % 20017} 4%, 300i7} 1ol e R, AEEE Wy
4%, o1 1902 PR A WAAEIA ALFY 4 BAT ARH A3 A3 7 A
ol o] FofTks & 8 olsh Beiste] A1l Hrkeh A HolEst FAHE ML Aol mAsH o,
ool thate] ArAEC] Bold F B AL WA

N

F

=

<Table 1> Composition of participants

Age 20’s 30’s 40’s 50’s Total

Male 9 8 5 5 27

Female 2 3 2 2 9

Total 11 11 7 7 36
2 A d7e F 3HAE AT 9A 1244 AT Y 7ol Zad sy g
Fol7] Slote] WAREL UAoR A7 AL s 73 ARdClH S F9 49 AP, o

AN E2E T DI ST e B 7 ALFA AEe THs e vy o
shth 28 Aol 19 Aol BAAE -EJ AAE] 197 A9 Fste] THH 744 A&
Shelel] el 197 A FAT SRAFNA ol §4 ZW BEE Br}h AW APHGT 207
e 194 4P 379 1AL T w% o A7) A4 £ANY £ B4 o148 AH
A83IA ek PHHEeR 3 o)A 2% A AgelEl A x} = ﬁHEd o} A% AR w

P A T [ —1011 oo oXL bt
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E 4Y 7ol B3 A28 WAS 2oS 43 4 o184 SN DEeg 2ATE )
sta, AAYE F BT/ WSS ZHe] Beby £F Bk A3 MmeAs

1) 7taetd AlEeo|M =281 718

UC-winRoad ZZI13-& &85} <Fig. 3>7 20| 5km 77t 332 AR 1&EE2 317
t}. ol& A7EAZE Al EE ol AFo R st w2 F Qe BHLS HAssa T2
< T3] 30E R Ao] IPHEE 317] Yot FaH =25
60~160m= FH3te= Yo WFFS WA oH, AR stodm AR
AEHAS FEE AASUT o)EA FEY EESAHA AF AIAEL 194 AN Hd Bl

B SAEV BH 2L S T WL FANAT AY AHIBE E2olH AT 194 A
e Fotol T AFL FANYL, 20ANNE B DIF NS0 P AT VIS S 59
et

<Fig. 3> Driving Simulator with UC-winRoad program
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Aet= BN 42 0.1m/s?, 05m/s%, 1.0m/s?, 1.5m/s%, 2.0m/s* 2 BAste] A5} o]+ o] &
SHA 57k A& HES Bl o] IAT ApolE Azteta B & YA sH] el
3 VR A9 =E2E EA ol 1.49m/s?, 1.99m/s%, 290m/s%, 4.10m/s%, 491m/s* o102
12 28 2oz BAI 1.0m/s% 20m/s?, 3.0m/s%, 40m/s*, 183 50m/s° S A&53 dE 3
2HH|E ZhoE &8aqlth o] Zo] EEH T I VISR g2 oA AR AgATA AR e
IR EA be AoE gRlH ' GES &5t s7HA A& HYHS AU eE FASAT
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O
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<Table 2> Acceleration setting values for automated driving pattern implementation

S Longitudinal Acceleration (1m/s”) Lateral Acceleration (m/s)
Derived driving behaviors | Setting A.V pattern value | Derived driving behaviors | Setting A.V pattern value
Sce. 1 0.10 0.1 1.49 1.00
Sce. 2 0.53 0.5 1.99 2.00
Sce. 3 0.99 1.0 2.90 3.00
Sce. 4 1.55 15 4.10 4.00
Sce. 5 1.84 2.0 491 5.00

*A.V: Automated Vehicle

£ 915ke] <Fig. 4>0 AAIFo] = A ol
m 3 A% TAE BEHAG. A2RFe] PA o] §AT
3 = HTRE 4P FYHES Agstgon, of F o
by PRkl 2 A 8 MAE PUE ) B AZuAo] o] T =S HAsg 4
A Avel e <Table 3> 1§ 2ol F 37 Ake &(See. 1L, 21, 3-DE HASHOR, 2 Avtel e
AR PG IEEE <Table 250 AT See. 13 Al 44 %3 YT FEoR AAG
o am/s? ool DY AEEE A3k Aol WA FF AL 4P AL AP verE 2wy
BelE Tasw Beld W7k ol ALshelth, Ak 7k A% Aveled A=W WElE <Fg. 5>3
WA o= MRS,

\& 1=
— 200m
== 300m —
\ Starting Point

<Fig. 4> Experimental driving course based on the real car

14
>
o

290 PIRTSSIL| =27y 223, M62(2023H 129)



SR JlgE 25 miEof et ol AL BHEE UL T

<Table 3> Setting values of automated driving patterns in lane changing scenarios

Scenarios Setting Lateral Acceleration (mn/ s%)
Sce. 1-1 1.00
Sce. 2-1 2.00
Sce. 3-1 3.00

Y

| | |

| | |

: t | :

| N 1m/s? i . '2m/s? | | 3m/s?

Y [

1 "y | N 1 s |

1 (Y 1 AN 1 s~ !

1 (RN 1 1 1 4

1 1o | RN 1 1Ny

1 [ | [ 1 [

1 1 | 1 1 N c

! ! 1 1 ! I R

1 1 I 1 1 I
(Sce. 1-1) (Sce. 2-1) (Sce. 3-1)

<Fig. 5> Features of automated driving patterns in lane changing scenarios
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B FEE SH I HERE WUBES St AdE e HEE 9o FAE Hdgsigon, b
AL T8 F UEES Frtehe ‘j“‘oi A&tk TEEol v Hrks FyAkAl AluEl e F
5 % 3 A0 Yehd A&F8 7HEE FFo tiste] AsHAA =714l vE 53 A5 ULt
TE 3o 27l L23 Byl ARE 7| 2= wlo g AE Tk 2L o g 3t Az} 7)uk 2}
S5 A2 FFAAE AF AEe] w1l St 28 58 HEE ISk olek HiEo] A
2k 714 Bt M e Bt FES S T AR USRS stgor, WUt AdE AF 1 S84 5

E R s S =

WHAEY] BEE WrHE Beety] Aste] AF 1 Uehvde e $837] WHEE SAsA
A F AJRIT STV AY, Eetto] SUtske Aol A /A TFo] IA Wl Aow dHA
A THAlneas et al., 2014; Klingner et al.,, 2011). ©]o] £ AFoM= F37] H3E 43t 24

| =83t
Ao, FFA7] AL <Fig. 6> AAEH = Tobii pro glasses 3 FAHE &83AT G A=
1/1000% THA S 2 AAZE AZAYEE ST F e AV E M FH 2 AZE o] 8o 49, Hx A

= b E Balo] ANAASE 28 hsd Aol AUk
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<Fig. 6> Visual Behavior Measurement Equipment - Tobii pro glasses 3

1. AIZY0IE 7|8 X253 i 5z @I 21}

1) B Tk E@ot
SAY DEERE FYsHe 571 48 A&FAel vhate] ﬂm}% e <Fig. 7> 20| A %
G HsE TRl U

o
UEE FES et S d9 T4 7tEE 7k A4S 5
8 F F WAZ B 05m/s” (Sce. 2)0ll thatel 39749 AhH g M B BHEES BT o
2 1.5m/s%(Sce. 4), 1.0m/s*(Sce. 3) €082 H& WET Py} o] FojH ot 2 zjol7p YERIAE ¢4
o} mpAEto 2 s wE 29 715 E02.0m/s?, Sce. 5)9F /M e 2wk 744 50.1m/s?, Sce. 1)°ll
ate] iAo v wEE Wyt Ayt yepyith 7 AHE ARH o R A¥ R <Table 4>9F 2O
™, Sce. 2 ~ Sce. 40l Thst] H71AE] 50% ©]/d0] 44 o] =& UEEE B Ao 2 Yehgt) HhH|,
Sec. 13} Sce. 50l thalj A= 43 o9 H& W9 24 o]ste] B NELE Wl A7k HlEo] A

=

L i

oot

Hﬂ

A& nols ASE UEpT, ol B AREE 05~ 15 m/s* Aolel B4 el tistel 4
UHOR B WEEE Holt Wi, HUHOR A maw, 19 $YY M Peel didE £,
S8ol ALl wel 13 Ao} eh AE Fele 4 A

5.00

4.00

3.91 ]
PN B B

2.00

Evaluation of Satisfaction (5 Scale)

Sce. 1 Sce. 2 Sce. 3 Sce. 4 Sce.5
# of Scenarios (Longitudinal Acc.)

<Fig. 7> User satisfaction evaluation results for longitudinal acceleration of A.V based on a simulator
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<Table 4> Detailed user satisfaction evaluation results for longitudinal acceleration of A.V based on a simulator

(participants, %, scales)

. # of respondents Statistical Analysis Results
Categories - - - - -

1 point 2 point 3 point 4 point 5 point Average S.D
Sce. 1 5 (13.9%) 10 (27.8%) 7 (19.4%) 5 (13.9%) 9 (25.0%) 3.09 1.33
Sce. 2 0 5 (13.9%) 6 (16.7%) 10 27.8%) | 15 (41.7%) 391 1.05
Sce. 3 1 2.8%) 5 (13.9%) 9 (25.0%) 13 (36.1%) 8 (222%) 3.61 1.00
Sce. 4 1 2.8%) 6 (16.7%) 6 (16.7%) 14 (38.9%) 9 (25.0%) 3.63 1.10
Sce. 5 8 (222%) 7 (19.4%) 3 83%) 11 (30.6%) 7 (19.4%) 3.11 1.45

2) guist 7l Hot

S7HA A JtEE 71 A& djdel tiste] ohg <Fig. 8>3 o] o] &x FH wEE Byt A
7} 229 S-S 20m/s” (Sce. 2)9] A TtExo)] thale] 38740 E AFow g B
HEEE BT o2 1.0m/s%(Sce. 1), 3.0m/s%(Sce. 3) £O.E H71} o] Fo ). I
F 7l o] telAE 20m/s” o1F 7MEE7} B4R ER Bt Yol ge] Yeigon, &

50m/s%(Sce. 5)° A E HiF 16589 AH oz e viEn Byt A7y} 25U} <Table 5>
Z}%@B L 7SR ISR gt AAdE ARAHoR @ﬂfz HAOR, Sce. 20l tated rhate] of
70% ol’dol 44 o] e UEEE Hol, Aoz mE 7EE Y E Bl

= Sce. 49} Sce. 50 A E ¥ o, ?El Sce. 5 el A= oF 86%<] H7FAR7E 23 o]

1o
sl e USRS 2Ae FAT 5 Yk

AT U=

Sce. 1

E(

_‘r_O =

ol 001|

l‘ll‘

Evaluation of Satisfaction (5 Scale)

Sce. 2 Sce. 3 Sce. 4

# of Scenarios (Lateral Acc.)

Sce. 5
<Fig. 8> User satisfaction evaluation results for lateral acceleration of AV based on a simulator

<Table 5> Detailed user satisfaction evaluation results for lateral acceleration of AV based on a simulator
(participants, %, scales)

. # of respondents Statistical Analysis Results
Categories - - - - -

1 point 2 point 3 point 4 point 5 point Average S.D
Sce. 1 7 (19.4%) 5 (13.9%) 8 (22.2%) 7 (19.4%) 9 (25.0%) 328 1.38
Sce. 2 0 6 (16.7%) 4 (11.1%) | 14 (389%) | 12 (33.3%) 3.87 1.00
Sce. 3 3 (83%) 8 (222%) | 11 (30.6%) | 10 27.8%) | 4 (11.1%) 320 1.11
Sce. 4 5 (139%) | 13 36.1%) | 6 (16.7%) | 10 (27.8%) 2 (5.6%) 2.80 1.15
Sce. 5 22 (61.1%) | 9 (25.0%) 2 (5.6%) 3 (8.3%) 0 1.65 0.90
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2. &z 7lHt K25 o =T gt Zn

1) A=Y Hefol| cHEE SHRE

A A 7k F 59l tiste] Aak 7|9 Ay A2WlA el ok F7HAQl B
3 A3}, g <Table 6> 22 Ay} =&2HUTE I8 7145 1om/s* 2 A28 e AFoMe
71387 AEF el 7 Hot H7KSec. 1-1) BFNA 548 9IEE Jrp &
ZHE 2 —3— gl 4= AU ¥ Ud, LT 7IEE 20m/s* 2 28R FFelAE 29
B 7KSec. 2-1) Ao A ztolE Bt FE = b 272 oA

it
k)
%
()

o

IS
i
R0
N
rE
o,

o= mE 7R3 Om/ sH)E2 A2 A3 443 (Sec. 3, Sec. 3-1)01]AL vo EE 3JUHE YeEL ol
2 A0 VISR st FiiHoR “d YR TPt A v, wE 71 AEo] thate] W
NETE HRl A2 Az 7 HrlelA o HsHA BHEE %7}7} o]Folxl AL FRIFT & YT

<Table 6> Comparison of satisfaction levels in regard to lateral acceleration (5 scales)
Participants Scenarios
Sce. 1 Sce. 1-1 Sce. 2 Sce. 2-1 Sce. 3 Sce. 3-1
#1 4 4 4 4 4 4
#2 5 5 5 3 1 2
#3 4 4 4 4 4 4
#4 4 4 5 3 3 3
#5 4 5 5 5 3 3

2) A2HHZ SENol| chsh AlZFHE) &AM Zo}

Az 7wk g5 42w Pejol thete] BehS WM A <Table 753 2 A7t EEHIUG
A7V 59 F 3L, 43, #5)S AW JHEEI) 10 ~ 30m/s° % AR RFOA Aoz e Bkt
S RZ3GTE o F 29E3, #5)2 AEZWA A Uehds 5337] Ml SloME A e 1 &
W3 2ol 7k YehtA] Gskty #4 @7ERke] S JHEE 30m/s%(Sce. 3-1)0lA AHOE Eo Bkt

<Table 7> Measurement results of user anxiety levels and pupil size changes in lane-changing situations

Scenarios
Sce. 1-1 Sce. 2-1 Sce. 3-1
Participants Pupil Diamter Pupil Diamter Pupil Diamter
Anxiety (mm) Anxiety (mm) Anxiety (mm)
(5 scales) Lane Straight | (5 scales) Lane Straight | (5 scales) Lane Straight
changing Driving changing Driving changing | Driving
#1 1 453 3.09 1 4.52 3.06 1 4.80 323
#2 1 5.09 348 4 5.20 341 5 541 343
#3 2 4.03 278 2 4.13 273 2 398 2.64
#4 2 5.10 3.62 2 5.07 3.56 3 523 357
#5 2 3.87 313 2 393 3.17 2 3.80 324
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