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Abstract : Due to the rapid climate change, drivers are now more likely to drive in severe weather conditions than before. In
bad weather, drivers have no option but to cope with a very unusual environment, increasing the likelihood that an accident
will transpire. Therefore, it is important to find ways to operate vehicle systems more easily and safely during bad weather. In
this study, we investigated 6 in-vehicle activities generally performed by drivers by evaluating their discomfort level under

three different weather conditions: foggy, rainy, and sunny. For the quantitative assessment, the drivers’ physiological,

eye-gaze, in-vehicle equipment control, and vehicle control data were measured. For the qualitative assessment, the driver’s
discomfort was measured using the semantic differential method. The results showed that non-driving tasks were found to be
the least comfortable activities during all three weather conditions. On the other hand, driving-related tasks were found to be
carried out more comfortably in good weather than in bad weather.

Key words : Weather(7]7), Driver(==71A}), Driving simulator(ZF% A]E @ ©]E), Inconvenience(#), Semantic
differential(2] 7] & %= "), Non-driving-related tasks(<2- % 2} 73+ ), Driving-related tasks(=>- %1 2} =l <)
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Fig. 1 Four objects to be recognized by the driver
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Adjective | Easy < Difficult | Easy <> Difficult | Easy <> Difficult | Easy < Difficult Easy < Difficult Easy <Difficult
i Comfortabl Comfortabl Comfortabl
pa.1r. Safe <> Dangerous | Safe <> Dangerous | Safe <> Dangerous omio i ¢ omio .a ¢ omio .a ¢
(Positive <> Anxious <> Anxious < Anxious
< Barely audibl
. | Visible < Invisible | Visible < Invisible | Visible <> Invisible | > ©o'>° | Simple <> Hassle | Simple <> Hassle
Negative) < Audible
U ised
- - nsurprl_se Calm <> Distracted | Calm <> Distracted | Calm <> Distracted
<> Surprised
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Full scale simulator

BIOPAC MP160(GSR measuring equipment)

Fig. 5 Experiment equipment
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4.1.1 2Md B (Lane change task)
A W7 BB B AT WH A S5
AR ) 2EE Aol Qi Ao Vehdrips
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Table 4 Mean and standard deviation in lane change task Table 5 Mean and standard deviation in avoiding a stopped
Y e thesize of th car task
angein . e size ot the Vehicle speed(km/h) -
Weather pupil(mm) Weath GSR amplitude(umho) TTC(Sec)
eather
condition Mean Mean . Mean Mean
<0.001 <0.001 condition <0.01 <0.001
sp | P s | P s» | " s» | P
F 0.15 33.65 Fo 2.58 3.94
8 (0.12) (3.74) & (1.93) (1.23)
Fog<Clear
. 0.17 Fog<Clear 39.00 Fog<Clear . 1.35 Clear<Fog 5.33 .
Rain 015 Rain<Cl 378 Fos<Rai Rain (1.12) Rain<F. (1.80) Rain<Clear
(0.15) n<Clear (3.78) og<Rain . og . Fog<Rain
Clear 0.31 38.18 Clear 1.30 7.91
(0.18) (4.28) (1.34) (2.04)
0.001). 5 A& Wsleke u-S ju] Qb7 $-2 A] ¢ 4.1.3 88 RZ(Adjusting the volume task)
2o ghe e, ol $4A7F AP WA 53 BEzA BB A= BE 2] AR 1 S
sl O] 429 AL =T 3|41 4= 2 THTable 2}o] 7} 9= A2 UEFStH(p<0.001)(Table 6). 2§ =1
4y EF A ST By} 9 o] o Al T 71 B Qb oiu] 93 Al gte] A U=,
e e e, ols $AAE A WA B ©)F el 9 Aol $0A7E erle $ES Bau
ojg]go] glo] xFEo] oFH B E 93] L2 2 A o A AR AE d 5 Sl

oR B glon BU RO olold 4 Ark
4.1.4 BZZ2| ZZK(Manipulating the air conditioning

4.1.2 AA|2}2ZF S|O|(Avoiding a stopped car task) system task)
AA A g9 5ol A= GSR WE3 TTC A %7} TR 27 Bl 57 AFAA £ &
71w E Aol e Aoz YERTHp<0.01,
p<0.001). GSR X Z-2 53} -3 thu] <b7ie] 7ol Table 6 Mean and standard deviation in adjusting the
Al ghol A debsk=t, o= AR AR 2 volume task
2%t 9 =3tk A 9gr)e) =3 TTCE 7HAA Volume
7} A £ SN, S, B AR ghol A | Weather Viean
B, ol TMIARY #2 B LFE SR condition (SD) p=0.001
FEY 190 2 20N 7 AARTE B9 E A% Fog 2116
Arhs 2la ew]dth(Table 5). A3 = 3704 717 (2.89)
FF Z o) AN LARE AR S WAL Rain 225:58655 Cl:leari:m
<
g mskor) 4 919 AR Ae 89 5o 22 cefain
= 5E 49l Clear 278)
Table 7 Mean and standard deviation in manipulating the air conditioning system task
F f brak
Horizontal SD of the Change in the size of . Frequency of gas pedal requency o .r €
. . . Vehicle speed (km/h) . . pedal operation
Weather fixation point (cm) the pupil (mm) operation (count/min) .
.. (count/min)
condition M M Mean Mean Mean
ean ean
<0.01 <0.01 <0.01 <0.01 <0.01
sp | P sp | P s> | P sp | P s> | P
Fo 23.17 0.15 33.77 10.32 2.15
¢ (5.96) (0.16) 3.91) (4.20) (1.27)
. 26.12 0.12 Fog<Clear 36.41 Fog<Clear 10.32 Clear<Fog 1.59 .
Rain Fog<Clear : . : Rain<Clear
(4.35) (0.14) | Rain<Clear | (3.05) Fog<Rain (4.89) | Clear<Rain | (1.08)
29.07 0.25 36.37 7.20 2.60
Clear
(7.51) (0.15) (2.97) (3.68) (1.42)
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& oiv] o Al O 2he whS UERE ), o] 34k
7F S0 Eke] 3 A8S o AuA Kekal vk
g oulst S Ao ® ojojd & Qltk ¥
A& M w5 div] ook 3 Al o] 2R gk
U=, o] = 2 A2 2 WA S sk o -
AARN S =4 M E 7 ) A S
Yt 93 oie] el A B sHA vebsET, o=
A F2FA] 224) ol ofE=o] 3lo] xEke]
AT E Q3 s SRR B Flon B
gk g o2 ojojd = ) A 22 HlEE B Ul
H| ehle} 93 Al 2 ks YEldlen, o] gt gk
gk 2242 Aol Al 9| 23S 51 T Aol A
Ao = o Y@ Aeels vehl A2 g o
2 olojd = Qlt)h Byo]a 22 W= By oid] -
A A B2 ghs vEllom, o2 gl HlolH & niE e ®
ZINAE 7L Fobxl Aol A A= Bilola Hid
Hopes A4 Ad-S 952 %S AEZITE 2S

o < glek.

4.1.5 LYH|A[0|M ZZK(Manipulating the navigation task)

il Aol A 22 g ol A= 6714 A FE(ANFA W]

& A4 5 FEA, B2 AR WS A% £, o
H

-
W o

e

o,
Al
BN
2
i
H
X
N,
o
I
N
Wi

o
a
>
N
s
E Ly
> KOS

=
fiflo
flo
42
alle
o
o
2
fu)
=
o)
i
& 9,
R
g T
=
O
©
filo
=z
(o ST
¥ ox Jo

N
>

ol

O 22 ghs yeEbdsd, o= 4 51
3} o

fL il
He ) A A ekl vk 2E 9
[}

Moo

2 e

ol
ol

Hl
2
2

N
=
jacs
v
off
ol
)
uli
2
Lo
off

thH] b7Rek -3 Al B 22 ghs vEbled
AAZF v Alo] A& x4 o] H-44

o O rlo

o rlr 9
N s

o
o i

f)
i)
Ef
i)
1
i
},
%
E
_>|4_1‘
ot
dpy
k1
rr
£
i)
=
2
X
2

—7'—[—1__0
1

4o K
W

ol Mo O k1 £ N

o 2 &
X

m ool
(T
i)
o

e 1
=)
i)
2
v
rlr
1%
i3
A
e
filo
do
N
fu
_>:L

5
w
tn
H>

[¢]
s
!
B

SD A5 F3all H7ke EAE H57) Fig 60l A
wo] glom 7t A7t 2455 A Bude
AR A ety 72 S A Ak 4149
AR A ) Fd e AT =4 A}
EE 2AS AG RE FA 7 FEE B
Ao Froldt Aol(p<0.00n)E UERlom, RE &%
ol A B2 oin] b} -3 Al A H 2 EE =
715 A o= UEsith 3 32 S0 AL A A
DRT(2Hd W7, $-314, AAA slu))e 28 2d&
A 2] NDRT(&- 57821 222}, W7l o)A Z22h= b7l et

BhE, SR} Bhe Aole) W mel A Frolgk A E ghe
018 VFebsA R, SLhsh 930 Afele] 1) ane] At DRTRE
FI% A gkl Aol LhERfe] DRT7F NDRT ]3]

7178 Foll whE Y WAk S Afo]E B,

H
=
Lo
N

Table 8 Mean and standard deviation in manipulating the navigation task

Ratio of looking Horizontal SD of | Change in the size . Frequency of gas | Frequency of brake
. . . Vehicle speed . .
forward the fixation point of the pupil pedal operation pedal operation
Weather (km/h) . .
. (%) (cm) (mm) (count/min) (count/min)
condition M Mean Mean Mean Mean Me
ean e e an
<0.01 <0.05 <0.001 <0.01 <0.001 <0.001
s | P sp | ° sp | P s | P sp | ° s | P
- 53.74 23.66 0.21 30.45 12.17 1.60
0;
& (10.71) (3.92) (0.16) (3.99) (4.10) (0.85)
Rai 46.88 |Clear<Fog| 24.26 Foe<Cl 0.29 |Fog<Clear| 34.28 Foo<Rai 9.95 Clear<F 1.79 |Fog<Clear
in 0! ear o in ear<Fo,
(11.46) | Rain<Fog | (4.57) | ¢ (021) |Rain<Clear| (4.37) | ¢ 431) 2| (1.03) |Rain<Clear
a 45.65 26.40 0.46 32.83 8.21 2.99
ear
9.39) (4.58) (0.25) (4.26) (3.50) (1.67)
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Table 9 Inconvenience ranking
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Manipulating the air L . Manipulating the Manipulating the air
5 p .. & Adjusting the volume | Avoiding a stopped car P L e p L. e
conditioning system navigation conditioning system
6 Adjusting the volume Lane change Lane change Adjusting the volume | Adjusting the volume
B GUF HS5E Ve s £915 WHE(Table 9)3} ek 3] 7SV, 1, BS Fdske
A W Hu Aol 24 Fgo] 7P B slow v 67HA Z-goll g L] BHEE Hrlels A4S
geton], A FEES] 290t /) FEEZ 50 Q98 o2 Fal 2zte] 71 gagel 4Ee A
S UERIA 9IT) Sl BHE A5E Be Al AEe) Ak A5E B, SD ARS B89 &
il Qs 91 Zhzte] Aol Mol griael AeE A F FAu Azke] ] Uis kel BuE g
A 74 A dsto] BHE 912 ATk

H71eE Ay oo} $-3 5 DRI W7, $-3]14,
=

o
o B 98 e ek el B ol bt
3 BE BAE 1919 BEL A A 33, B

6919 BES BF 242 ey,

5. 88

B R e AFdolE @744 otise

pu.

566 #=2E2A3eE =22 A9 H6s, 2021

Aol EH e

71 ol nhe AR A Ee) F7 FolE PG
Aol F7 Fol B BAH A BE 4

A A BAE A5 Aolo] Ay wAME =
= whilel)7h ek GSR AEE o2 B ghgol
A RN, greel A 3 o Bl WElES Wl GSR
QEo] BAHOR folabl gho] F7kehe Birg 1
A% A% Bko] F7heh WS nol 4

Abolel] 1] el A S hehich, nepa B




AFAIZ220E 7|8 4HF A 2H2 B EHE Bt AP

= Ao g7t A3 NDRT(2F 24, 3%
AA 22, Aol 22h 7t 3 9l E 2R )
A RE ghE tin] AFeE 7h A 3ol 43= NDRT7F B 4
912 3k9171-& 2HA 8k DRT(RH WA, -3 7, 44
F 297k 1-3919] &S AA A ol @ A
Sl 6714 ZEEel i Bk ThAd o] A9
4w 7 7158 AjH <l 7]F o2 NDRT?
L 7hd o] S A A H A RE e 7] ] ob F A
L5 /R A Q] Sl A= DRTE] &3
=

MAshs Aol gAte] W

(o)

"

fome g O
DO < )

A A LA
(Saffarian 57)°] ] v] 81 F7}sh
Fo MET} A A He)

O o) 2=
Z_laal—_rg}]\}\}\- =

Ir

N2y
filo
fr
0

Jo g

N

o

é —_—

. £
\lrﬂmlo

- 9 do

oo £ e

Jﬁ_ig;
Mo
ofl
By
o 2 o O > o 2 oN N rfr X oY

e ofe 1

ped)

A HJIO
£
2
o mJ
Ex
z
)
1o,

& o R
o,
a
o

}_

¢ ek

o 4y
;O
[o
q
o
Ny

-~ ﬂJIO
=Oé
iy,
of

-0,
o
o%
|
(i
4
30
fljo
P
[o o
nhu
o
N
it
o
ke
rot
(o]
o
P

Wi
Ay
oft
-
=2
2

o

%3 &% S7KSaffarian 5"), A4
(Ghasemzadeh2} Ahmed®) 7+ =}
AR ol b Al 22 Nl e S}
oo gk FAH = =], o] 7]
S ANkH o= A 7w FEkat
-
=4

o

ot -
\I—Q‘OE:-‘:‘O
mi od W
103447

2]
T

ooy

o
ooy 10 T
oL I of

o N oot

L odh
o,

5
)
rr

3

ABHDS o A A TS
Ao 21 BH e ATD 5 glom, ol 2 ¢

7o o]o]4]

QrstaL QHAE 22 Aol 7hs

)

R
o4

Hir

ORI

RuA O
D

o2
o>,
AL
2
£
Jo

o
2
ox
2~
-0,
Wi
2
oft

I

olt
=1
i)

N
a
(=]
S
(9]
a
|98]
N
1o
4z
i
2
o,
B
rﬁ
o

D

2)

3)

4)

3)

6)

7

8)

9)

B AT E Y NGV <ol 71T A 2% AF 24
o
[e)

3 A A Wk AR 9] A 9E o}

FEAGFH T B3, A AR Felr s BE -]

References

Korea Meteorological Administration, 2017 Abnormal
Climate Report, 11-1360000-000705-01, 2017.
Korea Meteorological Administration, Korea Climate
Change White Paper, 11-1360000-000813-12, 2011.
S. Mun and S. Lee, “A Study on the Change of Fog
Frequency and Duration Hours in South Korea,”
Journal of Climate Research, Vol.8, No.2, pp.93-
104, 2013.

S. K. Min, X. Zhang, F. W. Zwiers and G. C.
Hegerl, “Human Contribution to More-Intense
Precipitation Extremes,” Nature, Vol.470, No.7334,
pp-378-381, 2011.

Y. N. Lee and K. W. Kim, “A Study on the
Relationships between the Fatal Traffic Accidents
and Meteorological Factors,” The Korean Association
of Police Science, Vol.6, No.3, pp.125-164, 2007.
H. J. Cho and S. Yoon, “Effects of Reduced
Visibility due to Fog on Drivers Behaviours,” Korean
Society of Civil Engineers Annual Conference
Proceedings, pp.253-256, 2003.

M. Saffarian, R. Happee and J. D. Winter, “Why Do
Drivers Maintain Short Headways in Fog? A
Driving-Simulator Study Evaluating Feeling of
Risk and Lateral Control during Automated and
Manual Car Following,” Ergonomics, Vol.55, No.9,
pp.971- 985, 2012.

A. Ghasemzadeh and M. M. Ahmed, “Drivers’
Lane-Keeping Ability in Heavy Rain: Preliminary
Investigation Using SHRP 2 Naturalistic Driving
Study Data,” Transportation Research Record,
Vol.2663, No.1, pp.99-108, 2017.

P. Konstantopoulos, P. Chapman and D. Crundall,
“Driver’s Visual Attention as a Function of Driving
Experience and Visibility. Using a Driving
Simulator to Explore Drivers’ Eye Movements in
Day, Night and Rain Driving,” Accident Analysis &
Prevention, Vol.42, No.3, pp.827-834, 2010.

10) Ministry of Land, Transport and Maritime Affairs,

Korea Highway Capacity Manual 2013, 2013.

11) A. H. Perry and L. J. Symons, Highway Meteorology,

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No. 6, 2021 567



Sanghun Jeong + Jaewon Kim - Sara Hong - Jungho Lim + My Lee - Ji Hyun Yang

CRC Press, Florida, 2002. Research Center, University of Groningen, 1990.
12) J. H. Lee and K. P. Lee, “The Method for 14) E. H. Hess and J. M. Polt, “Pupil Size as Related to
Measuring the Initial Stage of Emotion in Use Interest Value of Visual Stimuli,” Science, Vol.132,
Context,” Science of Emotion and Sensibility, No.3423, pp.349-350, 1960.
Vol.13, No.1, pp.111-120, 2010. 15) J. H. Kim, Y. A. Lee, H. S. Lee and J. H. Kim, “The
13) A. Heino, H. H. Van der Molen and G. J. S. Wilde, Effect of Humor Advertising using Pupilometer
Risk-Homeostatic Processes in Car Following System: Focusing on the Incongruity-Resolution
Behaviour: Electrodermal Responses and Verbal Theory,” Korean Journal of Consumer and
Risk Estimates as Indicators of the Perceived Level Advertising Psychology, Vol.9, No.l, pp.1-24,
of Risk during a Car-Driving Task, NL: Traffic 2008.

568 #=2tEat3etE =232 A9 A6s, 2021



	차량시뮬레이터 기반 악천후 시 운전자 활동 불편도 평가 연구
	Abstract
	1. 서론
	2. 시뮬레이션 가시거리 검증 실험
	3. 차량 시뮬레이터 기반 실험 설계
	4. 실험 결과
	5. 결론
	References


