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Using Luminance Contrast Ratio Under Adverse Weather Conditions
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Abstract Visibility of pavement markings is directly related to the contrast between the luminance of
markings and that of pavement. However, the current national standard uses the retro-reflective
coefficient as a visibility index, but this index only covers the visibility of the markings, not the
pavement. This study proposes using the luminance contrast as a visibility index. The luminance contrast
corresponding to adverse weather conditions was quantitatively evaluated. The study results were a
luminance contrast ratio of 8.02 in normal weather, 0.70 in foggy weather, 0.60 in rainy weather, and
0.71 in wetness after rain. The luminance of markings was 3.82 in normal weather, 1.98 in foggy weather,
3.67 in rainy weather, and 2.07 in wetness after rain. Luminance of a marking in rainy and wet conditions
was lower than that of the background pavement, so it is almost impossible to achieve the functional
requirement of markings. The study results show the refinement of the visibility index in the road
standard to incorporate adverse weather conditions. As a further study, extended experiments need to be

carried out to incorporate various marking types and weather conditions.

Keywords : Pavement Markings, Visibility, Luminance Contrast Ratio, Adverse Weather Conditions, Road
Traffic Safety
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Fig. 1. Limitation of Retro-reflective Pavement
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Fig. 2. optical mechanisms governing retro-reflection
on pavement markings with encrusted beads
in (a) dry, (b) humid and (c) wet conditions
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Table 1. Optical Property of Road Safety Facilities

Road Safety Optical Light
Facilities Pro-perty(unit) | input output
l-%oad- RetrO*r?ﬂ-ective Vehicle |[Light Reflected
Delineation Coefficient Licht to Driv E
Facilities (cd/m*/Ix) ' O Vrivers tyes
LED Raised Luminous No- Light from self
Pavement Intensity Input illuminated
Markers (cd) Light from RPM
Retro-reflective . X
Standard | Coefficient V]ihllie %;ggiiieefie;ii
Pavement (cd/m*/1x) ¢ Y
Mar - Luminance
king Pro- Contrast Vehicle |Light Reflected
posed Ratio Light  [to Drivers Eyes
(no unit)
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Table 2. National Standard for Road Pavement Marking

.t . |Tlumination | observation Colour
Classification
angle angle White Yellow
Newly
Installation
(Dry 240 150
Surface)
Repair 88.76° 1.05°
(Wet 100 70
Surface)
Repair
(Rainy) 60 40
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Where, L denotes luminance of Pavement Marking, Ly
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Luminance Ceontrast Ratio =

denotes Luminance of Background(Pavement)
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Table 3. Retro-reflection Test Results
Coefficient of
Retro-reflection (1\1; etferelicset szilued) Pass/Fail
(med/m?*/1x) ational standar
302
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Fig. 6. Foggy Weather Conditions in the Test Section
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Table 4. Luminance Contrast Ratio by Weather

Conditions
Luminance(cd/m?2) Luminance
Weather Back: d Contrast
Condition i ackgroun .

Marking (Pavement) Ratio
Normal 3.82 0.42 8.02
Foggy 1.98 1.16 0.70
Rainy 3.67 9.24 0.60
Wet 2.07 7.16 0.71

LHBEARE e BA7I0IA 3.82, bAoA
1.98, ZARolA 3.67, A% F &8 iEﬂOﬂ/ﬂ 2072 4
Bt w02 IEEE FHS ARIAEE IA Fol
7F UARE =HRAINS] I Frole Mgl gl
Zorst o, = HHEAY AR BrHEEE L HHEAG
o] Fl=7t obd Wit Fm ofulzt A4 §oto B
As)= AT LR AT e T 4 Ak

& 71328 HEAQ AQIA] BIE LHEATRS] A
AAGES B3l 275b7] whol] 9t 58 714
A =2 2] mrEA] B3 o wobd S
2 Wejatx) Eohe @Ak ik old A3} Table 4
o AXE] glom) ofist Hio] wwmAo] HokH
RO B wRRAIY] ASE B7Ie 10l SAE
982 Wk Aol

A =HBAZF Z7IA A
WSl AL kAT 740
s B7Mel AT U2
¥yom 4 ekHdT 7147
%Zﬂﬁ oA =HHEAY
e FoM= 71T 2
B 71% ZANNE =HEA 9] FEHTh

Q3518 XA =7t EA UEt =HEAIRRY A
YHAME S S0k A WAl ok S| 85
olg}& HAE YrEtiich

A B A3 FegiHE mHEAQ A4S 3
71z og AiRkeit o, @ 27l7]EoA AAlska
= AAAASE S QoA 2 71ZF ARGE o] S

ov] BEATL Au} thulste] thaet A7} 4ol



A= gulE o83 HHF T2 LHRA| AQS Bt

2 W o] 713} vEo] & AollA AT FmchH]
715 WAst AR8ske Ze waRlTh
5.2 79| oA

& A7 B4 AR ARt ddE +3% A
7F 3 QR 9 S 2AE 9Y 2H02 T oot
7V AEAEE AYS g 20t ol ES 2
AAe] §9bg7E AFs Saste] A= tHlehe A
TRk A S o

o 712g Ak FH=
B Q7L oPaRAtE B4 A4S Wil 4 9
L A ERA PES ANSAT. JES ol of
A% wREA A4Sl B 27k 74 v 9
A mth PAAQ Bk AL vtg wast gk

A2 Bat ek
0]

ol

References

[1] Road Traffic Authority, “Statistical analysis of traffic
accidents for the 2022 version (statistics for 2021),

2022.

[2] Road Traffic Authority, “Statistical analysis of traffic
accidents for the 2021 version (statistics for 2020)",

2020.

[3] J. Andrey, S. Yagar, ‘A Temporal Analysis of
Rain-related Crash Risk”, Journal of Accident Analysis
and Prevention, Vol. 25, pp. 465-472, 1993.

DOL: https://doi.org/10.1016/0001-4575(93)90076-9

M. Abdel-Aty. A. Ekram, H. Huang, k. Choi, “A study
on crashes related to visibility obstruction due to fog
and smoke,” Acci. Anal. Prev., vol. 43, pp. 1730-1737,
Sept. 2011.

DOI: https://doi.org/10.1016/j.aap.2011.04.003

Carlson, P., Park, E. and Andersen, C.. “Benefits of
pavement markings: A renewed perspective based on
recent and ongoing research” Transportation Research
Record: Journal of the Transportation Research
Board, 2107, pp. 59-68, Jan. 20009.

DOI: https://doi.org/10.3141/2107-06

(4]

(5]

(0]

Road Traffic Authority, “Research on Lane visibility
Improvement for Reducing Traffic Accidents”, 20009.

[71 O. Smadi, R. R. Souleyrette, D. J. Ormand and N.
Hawkins, “Pavement marking retroreflectivity analysis
of safety effectiveness.” Transportation Research
Record 2056, Journal of the Transportation Research
Board, pp. 17-24, Jan. 2008.

DOLI: https://doi.org/10.3141/2056-03

E. T. Donnell, V. Karwa, and S. Sathyanarayanan, “Analysis
of effects of pavement marking retroreflectivity on

8l

67

traffic crash frequency on highways in North
Carolina.” Transportation Research Record 2103,
Journal of the Transportation Research Board, pp.
50-60, Jan. 2009.

DOI: https://doi.org/10.3141/2103-07

S. K. Lee, W. I. Park, M. S. Jin, Y. S. Kim,
“Relationship Between Pavement Marking Types and
Visibility = Distance ~ Under  Adverse  Weather
Conditions”, International Journal of Highway
Engineering, Vol.22, No.5, pp.85-93, Oct. 2020.
DOI: https://doi.org/10.7855/1JHE.2020.22.5.085

[10] M. Hautiére, E. Dumont, R. Brémond, V. Ledoux,
“Review of the Mechanisms of Visibility Reduction by
Rain and Wet Road”, In proceedings of the 8th
International Symposium on Automotive Lighting,
ISAL 2000.

ISBN 978-3-8316-0904-8; TRN: DE10G3118

[11] Korea National Police Agency, “Traffic Road Marking

Installation Maintenance Guidelines”, 2022.

[12] Jyh-Hone Wang, Yong Cao, ‘Effects of Road
Luminance Contrast on Driving Safety”, University of
Rhode Island, FHWA-RIDOT-RTD-04-1, Final Report,

May 2004.
[13]

Ministry of Land, Infrastructure and Transport,
“Manual for Fog Related Traffic Accident”, 2015.

J. W. Kim, K. O. Bu, J. T. Choi, Y. H. Byoen, “100
Years of Climate Change on the Korea”, Ministry
Institute of Meteorological Sciences, 2018.

[14]

0| A 7|(Sukki Lee) EEG)
* 20034 8¥ : T=ticha EEE
stk (F5H4Ah

20149 84 : T=tista EXRg
5ot (FSHEAD

.

+ 20039 8Y ~ FA : =AY
&d79 A7
£ 20219 3¢¥ ~ @A @ B3red
dstdrsly AdeATE v
(T Eop
WERHA, AEFY, wEgs



QHEARSH| &80 =5 A A248 A|11%, 2023

ut 24 A(Wonil Park) [Hai2]
- 20164 29 : Ty EAetY
ﬂ gl 2EER U ITSERHKE
>C SHAD

&, - 20204 89 : AgTfsti Yl

— 39 AAE g

3 | @)

1+ 20169 19 ~ @4 : @4

£A7Y AYATY

(@ Rob

+ 2017¢ 29 : stfdisty gy
st wEFs (FSHAAD
20169 2¢ ~ 20219 1¥ : g
Ad7EATY A-ATY

| - 20219 9% ~ A4 : HrEA
doistetistny  AdeAFsHE
ARg)

(HAEOR
£239), 3530}
Zl 8 M(Yongseok Kim) [519]

+ 19949 29 : ofrigtw Ut
skl LEFST (FIHAAD
20024 22 1 ALATEHL
Unicete EAZoh
)

19944 49 ~ @A) : BRAN]
2979 @799

(A EOp
T2okd, wE5st

68



