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ABSTRACT

PURPOSES : Nighttime driving is very different from daytime driving because drivers must obtain nighttime sight-distances based on road
lights and headlights. Unfortunately, nighttime driving conditions in Korea are far from ideal due to poor lighting and an insufficient number of
road lights and inadequate operation and maintenance of delineators. This study is conducted to develop new standards for nighttime road
visibility based on experiments of driver perception for nighttime visibility conditions.

METHODS : In the study, perception level and satisfaction of nighttime visibility were investigated. A total of 60 drivers participated,
including 34 older drivers and 31 young drivers. To evaluate driver perceptions of nighttime road visibility, fuzzy set theory was used because
the conventional analysis methods for driver perception are limited in effectiveness for considering the characteristics of perception which are
subjective and vague, and are generally expressed in terms of linguistic terminologies rather than numerical parameters.

RESULTS : This study found that levels of nighttime visibility, as perceived by drivers, are remarkably similar to their satisfactions in
different nighttime driving conditions with a log-function relationship. Older drivers evaluated unambiguously degree of nighttime visibility but
evaluations by young drivers regarding it were unclear.

CONCLUSIONS : A minimum value of brightness on roads was established as YUX 30, based on final analyzed results. In other words,
road lights should be installed and operated to obtain more than YUX 30 brightness for the safety and comfort of nighttime driving.
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Table 1. Road Light Standards in Korea

) Standards of
Traffic Level of
Types of road ) road surface
volume road light )
brightness
High M1 2.0 cd/m’
Express Medium M2 15 cd/m’
highway
Low M3 1.0 cd/m?
National High M2 1.5 cd/m?
highway,
arterial Low M3 1.0 cd/m’
Roads in High M4 0.75 cd/m?
residential area Low M5 0.5 cd/m?
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Table 2. M Lighting Classes for the Motorized Vehicles on Traffic Roads

Luminance of the road surface of the carriageway for the dry o
Wahtn and wet road surface condition Disability glare nghtlng. of

ghting surroundings
class dry wet

Lav (cd/m?) Uo ul Uo Ti in % SR
M1 2.0 0.40 0.70 0.15 10 0.5
M2 1.5 0.40 0.70 0.15 10 0.5
M3 1.0 0.40 0.60 0.15 15 0.5
M4 0.75 0.40 0.60 0.15 15 0.5
M5 0.50 0.35 0.40 0.15 15 0.5
M6 0.30 0.35 0.40 0.15 20 0.5

source : International Comission on lllumination(CIE), 2010, Lighting of Roads for Motor and Pedestrian Traffic, p. 45.

Table 3. Recommended Values of Luminance Ratio and Luminance

Road and pedestrian conflict area Average Uniformity r.atio Uniformity rgtio Veiling Iuminance

. Lavg/Lmin Lmax/Lmin ratio
- Pedestrian luminance (maximum (maximum Lvmax/Lavg

conflict area Evgee allowed) allowed) (maximum allowed)
Freeway class A - 0.6 35 6.0 0.3
Freeway class B - 0.4 3.5 6.0 0.3
High 1.0 3.0 5.0 0.3
Expressway Medium 0.8 3.0 5.0 0.3
Low 0.6 35 6.0 0.3
High 1.2 3.0 5.0 0.3
Major Medium 0.9 3.0 5.0 0.3
Low 0.6 35 6.0 0.3
High 0.8 3.0 5.0 0.4
Collector Medium 0.6 35 6.0 0.4
Low 0.4 4.0 8.0 0.4
High 0.6 6.0 10.0 0.4
Local Medium 0.5 6.0 10.0 0.4
Low 0.3 6.0 10.0 0.4

source : CDOT Lighting Design Guide, 2006, Clanton & Associates, Inc., p. 65.

2.2. 7
&-8-(2008) HAaHAMs} HdE
H
H

|.|'|

2R U 0fZ Aloly B

et
b
ok

O

H > g2 I
2 e oo
o =
BE
rlré
S B
)
=2
S E
g
g g
5 lo
=
£ L
1o
oE 2
{0 >
U ok
liﬂﬁi
> K
ey
[ A -

o, 3k Favadsol 7MY A Qe R
AHG5A] oS 7% FUE oA SMEH FA
= ZA 170med/m* lux, =3 =HEA = FHA 155

med/m’ lux o4 a3t Aoz BAEQItE o8 &
3 @A A =HIEA HAR)7IENA NS Qe =
Al 9 X e] ZAEAAS S 50med/m? lux, SHY

J5 oM
30med/m’ - luxg oFtF AIQIA SHI g3t tfof| T
vlsto] AR 7129 50% ol 4 28T B/ Al
718kt
A Ekrias et al.(2008)2 2% 242 93] =2
A= kRt ool tiel A L FF 9 ok &
7)o o IS EASHATE o8 Sl EEA
}
of

g

HID(high—intensity discharge) ®32] x}o]o]

w22y 4Eg SYRAT S A2

Mo we o 2

olr
1o
Jo
—d

ro

=255 =28 - Mi7# x5 59



=)
il
of
ook
tlo
>
el
QL
2
O,

I\
o,
i
to &
ne
=3
)
o
U
ki
U
N
of
o
£
rir

1 R
o2y
oz oln
>
N
N
52
rlr
po
lo
iy
T
o
L
)
| orr
<
o
3
rN
N

o ki
iy
o
ofN
S
ot
|1
)
°
ul
Ho
99‘,'
=
ox
a3
N
2

oot L ooff ox ofl
1o to

Hoim e o o 1o e
o

-3
T

>
ox
e
i)
o
O
é‘
|
Ei i)

o
=
%
0
&
>,
rE
_Il)l'
é
ol
H
_:L
ol
o
Y
l o
fu

>

oy
e
1>
1o
of.
)
S
S
x
o
o
Lo
~
Mo
rN
>
% H
U
N
of.
>
od

N

Ut 4o
N
e
ot
Bu)
=2
it
Mo
[
>
1o
>,
it
oy
ok

0 ol-ﬁ m

rEox

M 1o o
b i

N

ol

Rl

og. il
N
rir
o
rO

Y
4 2 N
oSt o

e

m
o B AN rlo o

S V(N
N

lo H

[
o

of lo o I oR
iy
ot
ol
o,
=
N
X

Py
s
1%
_?L
2
£
oM
e
e
N
O

-
()
2
>

59

>

S
o
ox
ol
o,
U
2
=
i

BN
I
)
rr
=
fu=
o M oo

-
(NIt
¥ 2
ol
rir
o
r’l
N ook
Y
o i
= o
2 oot
on Mo
ool
fllo
g
©
rlr

)
e
BN
=)
i
BN
of.
S)
o
MU
BN
>
w

fo lo ro @& Ho 2 O lr B oot
il‘
ofht
ful
—Hz

M
BN j&

ol 1

oX b
fix f‘ug
N 32
of L
ok

>

X
N X el

wr do U of
:?—l;",

by flo 1
:?L
i,
ﬁ.'l'.
N
do ¢
el
=

M

>,
i o
BN

% e
ol
i
=

:“I\-ﬂolﬂ
o it

=
i
o,
N
9‘L
2
H o

2
)

ol
i

> H
)
o
N

4 =2 | =2 >
1o

g o Mo
2
;Y

10 oH
>
rx
|
N
N
%

(W)
v
K
o

Kl oF o2 N Y

oL 32 BN AN o - oF I 1o
ad
)
=)
2
lo
u
Jo
)
O

it
o

(]
o
r\l
N
o2
o
4o
%

I

ol
o
4
32
illes
fijo
-
rO
_o|L
4%
)

[smail Serkan Uncii et al.(2014)= E22 Y1} A]
Ol*é —’F—Zh% 271419 E}E AZE o] ?‘7‘2 7Rtsto]

Al w2 299 758 E%‘%ﬂ ARG E 59

SASIES st mRawe] gaEe SA 4t
adg 0w AsIgon o2 4| EE(CIR)
of we ulaL EAsholrh, AT ofto] Rz o

s
kS

3% 71 34 7Hs WY 1.5~2.0cd/m’ 0 & A& E
“E} E3F B2 eHol AAY 127 13 F9 da

gk 21 7)) =23 et F7EHA e =R
o] mRAfo AlFshz W7o BE o] B
ohar AAl ekt

2.3. HX|LEO0IES 0|88 RERE 7|EHT
2.3.1. Ix|Eeo|E
HA|Z o] 22 19654 Zadehol 23 7HEE o]&
AE|2gE 7L ZﬁmﬂAH wEHE W o E
) T Hof FollA ZHA o] &=L 9l
= M2 %HHPH&OIE}. 2| gFo] 2ol A AHEEE

718N de WAL G (Fuzzy Sets) & 7159 Aol

o,

2olA] AGHE H 3 AR Y ol2HA ookt
2el F QS U3 AN USE Y E4, B 3
F719] ol 91xof o] Gl o EEY EA Y
2 Agsslol AEs wHlolt & WY 245HES

0} 1Afe]9] grom FrolA|= 443 (Membership
Function)& o|&s}to] # E4) == A
o] 29| Akt £4
olf3t HAHFo|E2

SopollA = A g o] @1 Qlr}, thFgt B AJo]E
5 3 wSolgel AAYRE A Sl 287}
??l X]OIEO ﬁﬂlﬂﬁﬂ—”‘f@.‘ﬂﬂ HRFEYHOR

2 ol wd |=4

7|1Z&(Multi—decision criteria)& ZRZ 3}+= QIA]F
H Y7HE $J8) A2 29 HAFE (Hierarchical
Fuzzy Inference System)y#-S o]&
AA 840 P E FOf QlupA o A= wEol A
O] QAR FHE A o] Z-g-=| AL Qi

Ndoh® Ashford(1995)= 5% Eu]'de] Aujage
= B7Yoll HAJo] &5 olgstaLAl AjkekGlal, HAHY
A S ol &3 WS AASHY. Hamad®t
Kikuchi(2002)& HA|FE0|&5 ©]&35to] wgol&
A7F L7l EERAEEE BUkekL o] SOl alE
E3 712 #(Congestion Index)E 7HE3FTE 7wt
H HAFERY M= FHEE BlE&(Travel Speed
Rate) & "Wj¢ W2 &£&H|&(Very Low Speed
Rate) & ©o|-&slo] g =S H7siot) ol& vl

mlo

60  International Journal of Highway Engineering - Vol.17 No.5



€](2005)= WA AHAEAHS o] 85t &HAE0]
VEE 2Ol =27 X o tfot gt
. 67}1]4 EBHETE; o] g-3to] 7
EE Al

OJZJEE —'ﬂr’ﬂ slof °1E A /\}J—X}EQ} H] 124513
ot M2E o W HA5E A
of fuzzy rules for multiple criteria)& ©]-&3}o] A
Z1z0 HA A A" (Hierarchical Fuzzy Inference
System)< 7Nkl o] o]&sto] wgol&At
23 Fo| L7le s EA5HI o] A9
A EvE A ALLARE o]88HA] ¢kl wEst
Aol gk o]-§AFe] SHEAE SAAE Akl 1A
o £A4= & 4 A =k olswl (2007 wE
o] &AF AAR =731 Q= AT AR} AH| A 4

& HHLE o83 A=Ay HAHAEA,
H}
=]

I (Generation

a8 #3keke) AR (Cultural Consensus
Analysis)e& o|&3dto & 43}@11:} Mu|Aadze 3
7¥sl7] gt Wrp|Eo R AT @A o] bE AA|, 4l
HAJo &4, AT 50 AQlA, AESHHAAL] 484
aAe STE B ASHROH, Eael A

S Fol fAEAe Q1A]5F(Knowledge Level
Aitsto] o8 EdlE v AR} AA7F 7= A
TS B7FskT B oft YRk oflAf Thef
Ao =2 HEA| 7} AfHe AR o] o] u] x|
= A% 7]1E AFARIE ARl oE Rl 21(2007)
NHLAAE qwo 2 0¥t 39 EREHEA|

jug

o‘n
oﬁ =z 2

¢
2 o o i rlo o2 oft |> o o ox }olv

N o
o
>
ﬂﬂﬁ’.oﬂi

1
2 AP A ER2REF LA AT 1A
= 24137 918 Table 4014 Aat v} o]

HerA 343 N AR 315 o= A
AP U 2AS AN T 2352

> = Kl

AN 7 el g oz The) 2]
w7lo) 2EgEe] WE VRIS $41 7%

o8 R AY ZYUAGIA A 23 %}717} =%

ERoA FGA G vlawstel, 14

2 vliege) 21 e ol ¢l

Al

3
2 AtollA= 4R ot A8 S VR 7le2 &
off +&st7] 918 VR 2FH 9| shanicte] Bi7)| 5 HER
ZAsk3tt. ol& &8l VRS RGB HEE H7|AES
ARZ W3St YUVE 97](Luminance)Q!
JE23} MAHChrominance)?l UQF VAE S 2 LA L)
o, Yis 7o s TS o B9 Al S
A AZkskgict. RGBS YUVA R 9] #g N% . @
o 2t olEgt YUV AEE 7M7) fEE A 4}01
Aol 7] =g Edsh= gl ]‘3} YU %}\ A
5 APATE VR A= F8l A He =29
OFZFAIRIEE H =A| B7HEA "

j‘ioﬁ.

Y 0.299 0.587 0.144 [R
Ul = [—0.14713 —0.28886  0.436 G @
1% 0.615 —0.15499 —0.10001
OF7F AlQ1A ol gt S x}e] Hh-g-2 Ty o] uhr)H
Z(YUV ZEZhe] digh QA1) #3329t =29 ¥
710 it TrEE O] = 74| 2| 3kof tif Hrlet o,
Wb gAEHEGH AE)E AMSHe] 45
A AR ek AR E29 42 T2 F 7
270 & AAsto] =3skqal, AE At gt 7|

Table 4. Participants’ Age

Age 20-30|30-40|40-50| 65-70 | 70< | Sum

Number of
participants

17 1 3 12 22 65

xlfél ] 0101/\1 7\%‘ 31_7114
o] i3t 2AR= 8] AH =, o7k Al Ao EH
e i} OF{ TRzl A 9] Theket 4
t T2 zAEFET AApel 2
971 wof TSt OLZIXJE Z A= 8] Aol digt A

9

A AAY) )3 FAe ol FYol Bad
MEE B A BE T S UARS S of

S=e2sts =28 - Mi73 M= 61



oA} ER IAFQ-DI} 4R =2 22 - (4-2)2] AT} &
ARSEAL, 2-2A1 -} 4-1A- 9] ATt FARE Aoz

]
b
>4~

ok [ A
4 dtol Slek SR AR 5 AFAAE A9 5 begeol that aRe mlulst Roz weE,
AP et B Qo] AR ATl 2 Aol g whH, Quke A} ne Ao AnE uws) uu
= Aom sl o aAtgo] 2 Mol AL & o Holt= Agte] that

M
ol
O]'

41 Fojdl 23 WI2AS thstel LAAE Pl e s v, ukee] 4o

% }th:m kst A7} 23.5%
AREe-A 2L 51.6%9) 25.8%0°] B3| ¢ =& 4
ojty, EZ B7]7F 110014 H= Aol gt
LIRS o5 & HQltkar et 497t 9 58.8%0]1L 2
SAA o] w0 th3t QXA w o] HrpAn  HQIthal tigdt F97t 35.3%% YNR:AALY] 48.4%
Holz1 ot} x2¥ EAL ulws) By 2xk2 9 45.2%C] H]&) o =2 o)t

9
of

e

ZApElo] ozt Fao] A3 BAL Gl W) SEOR
ghekelch, St o] 2fdt ¥l dhat AXRE Hha
!
A

Els %7}7%Jr~ YUV ZF 30 oJAHELE A2 ¥ %0 2 927 Higsh=t FA45H= of%:% Holil

BA7} 9= Aoz Uehta, £3] YUV 40 ©]A4e] . 9E &1, 2- XWOHH 9717} 5ubol ¢F H=

Qo= ‘H DAY E] F B 4 Qe Ao S0 TFPSHAE S oF Holtka ﬂl st A$-7F
&

Al ez ngatel Ak KA A fAFSHA e
= Zlo g2 BEAEItt Table 59 Table 62> UHH2-
g

Or @ K o oo ¥ b @ koo ki

Table 5. Experimental Results of Nighttime Visibility on Road Surfaces for Young Drivers

Experiment roads Delglre'e. i Stropgly L Not visible Neither or not Visible Strongly visible
visibility visible
#of Lanes | # (YUV value) (%) & & & a
5 51.6 258 16.1 6.5 0.0
10 32.3 32.3 22.6 9.7 3.2
20 3.2 355 32.3 25.8 3.2
1 30 0.0 16.1 38.7 38.7 6.5
40 3.2 16.1 12.9 58.1 9.7
70 0.0 6.5 19.4 419 32.3
5 110 0.0 3.2 3.2 452 48.4
5 871 9.7 3.2 0.0 0.0
10 258 38.7 32.3 3.2 0.0
20 12.9 452 29.0 9.7 3.2
2 30 0.0 32.3 51.6 16.1 0.0
40 3.2 22.6 51.6 16.1 6.5
70 0.0 9.7 452 38.7 6.5
110 0.0 6.5 6.5 58.1 29.0
5 90.3 3.2 3.2 3.2 0.0
10 12.9 61.3 19.4 3.2 3.2
20 12.9 32.3 38.7 16.1 0.0
1 30 3.2 258 54.8 16.1 0.0
40 0.0 9.7 48.4 38.7 3.2
70 3.2 16.1 19.4 38.7 22.6
110 3.2 3.2 22.6 452 258
4 5 90.3 6.5 3.2 0.0 0.0
10 25.8 58.1 16.1 0.0 0.0
20 6.5 38.7 51.6 3.2 0.0
2 30 0.0 32.3 54.8 12.9 0.0
40 9.7 16.1 54.8 16.1 3.2
70 3.2 12.9 355 38.7 9.7
110 0.0 12.9 9.7 452 32.3
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Table 6. Experimental Results of Nighttime Visibility on Road Surfaces for Older Drivers

Experiment roads De‘glrele. 9 Stropgly not Not visible Neither or not Visible Strongly visible
visibility visible i . o s
#of Lanes | # (YUV value) (%) & & %) %)
5 70.6 23.5 5.9 0.0 0.0
10 17.6 55.9 20.6 5.9 0.0
20 0.0 441 32.4 20.6 2.9
1 30 0.0 11.8 441 35.3 8.8
40 0.0 11.8 26.5 55.9 5.9
70 0.0 5.9 8.8 52.9 32.4
5 110 2.9 0.0 2.9 353 58.8
5 971 0.0 0.0 2.9 0.0
10 29.4 55.9 1.8 2.9 0.0
20 17.6 26.5 55.9 0.0 0.0
2 30 2.9 35.3 529 8.8 0.0
40 2.9 353 17.6 44 1 0.0
70 0.0 20.6 11.8 64.7 2.9
110 0.0 2.9 8.8 471 412
5 91.2 5.9 2.9 0.0 0.0
10 1.8 70.6 1.8 59 0.0
20 2.9 47 1 35.3 147 0.0
1 30 2.9 38.2 441 14.7 0.0
40 0.0 20.6 235 50.0 5.9
70 0.0 14.7 17.6 55.9 1.8
110 0.0 0.0 5.9 50.0 441
4 5 85.3 2.9 2.9 8.8 0.0
10 20.6 61.8 17.6 0.0 0.0
20 5.9 412 441 5.9 2.9
2 30 2.9 441 38.2 14.7 0.0
40 5.9 38.2 20.6 35.3 0.0
70 0.0 5.9 17.6 73.5 2.9
110 0.0 5.9 29 41.2 50.0
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(a) Fuzzy Nighttime Visibility Perception of Older Drivers

ENVP | W21 *2-2 4-1 42 |

1
09
0.8 —
07 n 4
0.6 -—.
05 ] ry *
0.4

L

03

. & X
0.2
01 g

1] T T T T T 1

o] 20 40 60 80 100 120
Degree of visibility(lux)

(b) Fuzzy Nighttime Visibility Perception of Young Drivers

Fig. 2 Fuzzy Nighttime Visibility Perceptions of
Older Drivers and Young Drivers
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(a) Fuzzy Index for Satisfaction of Nighttime Visibility
Perception by Older Drivers
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(b) Fuzzy Index for Satisfaction of Nighttime Visibility
Perception by Younger Drivers

Fig. 3 Fuzzy Index for Satisfaction of Nighttime
Visibility Perception
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Fig. 4 Aggregated Fuzzy Nighttime Visibility
Perceptions (FNVP)
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Fig. 5 Relationships between Measured Degree of
Visibility and Fuzzy Nighttime Visibility
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Table 7. A Summary of Measured Degree of Visibility
and Fuzzy Nighttime Visibility Perceptions

Summary 15th | 50th | 85th
o Fuzzy nighttime visibility
Nighttime perceptions 0270 | 047 | 0.74
visibility
perception| Measured degree of
visibility (YUV value) 580 | 30.10 ) 95.00
Satisfaction Fuzzy nighttime visibility 0256 | 045 | 070
of nighttime perceptions
visibility Measured degree of
perception | igibility (YUV value) 480 | 3180 | 95.00
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