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Abstract For maintaining high visibility of lane, the high refractive index glass beads with excellent retro-reflectivity are
usually applied on the road marking paint. The retro-reflectivity standard of general road marking is different in each country;
it is defined as 240 med/m™lux based on white light in Korea and 250~300 mcd/m™lux in developed countries. In this
paper, the recent trends on the manufacturing technology of glass beads suitable for autonomous driving age as well as the
road marking regulations has been reviewed. Also, in preparation for the commercialization of autonomous vehicles in the
future, the necessity of raising the standard value and improving the glass bead properties were proposed.

Key words Glass bead, Refractive index, Retro-reflectivity, Lane recognition, Road marking regulation, Autonomous vehicle

E2%4 14 % Feks S ARTRAE AhE il Al

zg=, g7

71 AlaAgeta, 79, 16227
(2019 8 14 )

(20199 102 14 AAMER)

(2019 109 14U AAZH)

of op7toll} AHITGME B =2 AXMIXES FAI57] Y8, 53 A AN retro-reflectivity) /3] H o

3 ZFHE FPAH E(glass bead) S EEZFA HAE 9o =¥t FrpEE duk =2 g Ao kAL 7)Fo] ok
o, FUe WA 71F0 2 240 med/m™lux, AANFEL 250~300 med/m™lux® FHHUTH B =RME E2FA &
A3t FEhaH| = st Tl tisted s, FF AT L3t tinlste] 1 71EX 2 FEAH =
Bl

Fd oAl tete] =98ttt

v [ T o =)

[e

— A

A

.M E

Ak o2 ERAPM] ARG WS YAME ke
Z ARRARAZIE AHARAM (retro-reflectivity) ol 23]
ZFET1]. =23 2] TP 2 Qe
T=xFo] e FEkH|E(glass bead)e] S0 -
T} Fig. 1 @ 20 STAH|E olu]x] & xpAe] Fapx
HIEE =¥l A BES 247 JeEpiRit2,3). 2
g =] AT FEFS Fe RS FHA
A, 24, 245, FHE 5o Uth4]. olF =HE°]

wh$- s, AzgEols mEabae] Heh AT

*Corresponding author
E-mail: sgkang@kgu.ac.kr Fig. 1. Glass beads image [2].



230

Fig. 2. Construction photo for coating glass beads on road
marking paint [3].
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Table 1
Cost for glass beads and road marking lane construction [8]
(unit: Won)
Refractive index
1.5 1.93 2224
Unit price per kg 700 10,500 14,000
Unit price per km/line 6,563 98,438 131,250
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Table 2
Domestic retro-reflectivity standard of road marking paint in 2005 [11] (unit: med/m™lux)
. . ) Kind of light
Incident angle Observation angle Time - -
White Yellow Blue (8 % of White)
o o Installation 150 120 12
86.5 10 Repaint 70 55 5
o o Installation 120 100 9
86.5 1.3 Repaint 55 40 4
o o Installation 80 60 6
88.76 1.05 Repaint 35 25 2
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Table 3
Domestic retro-reflectivity standard of road marking paint in 2012 [12] (unit: med/m*lux)
. . . . Kind of light
Incident angle Observation angle Time (or condition) - Note
White Yellow Blue
Installation 240 150 80 Standard
88.76° 1.05° Repaint 100 70 40 Recommend
Wet 100 70 40 Recommend
Table 4
Regulation of retro-reflectivity for road marking paint in USA [17] (unit: mcd/m2~lux)
State
ASTME 1710
Kansas lowa Ohio Montana Missouri Kentucky
Enactment year 2004 2007 2002 2004 2003 2005 2008
White light 250 250 250 250 275 300 300
Yellow light 175 175 165 170 180 225 225

Table 5
Regulation of retro-reflectivity for road marking paint in Europe
at day time [16] (unit: med/m*lux)

Table 6
Regulation of retro-reflectivity for road marking paint in Europe
at night time [14] (unit: med/m*lux)

Pavement type Grade Retro-reflectivity Light color Grade Retro-reflectivity
Q2 > 100 R2 >100
o Asphalt Q3 >130 White R4 >200
White light 0 30 R5 > 1300
> Permanent
Cement concrete Q4 > 160 Rl ~ 80
Yellow R3 >150
. Ql >80
Yellow light - Q2 ~100 R4 >200
Tempor R3 > 150
emporaty - - RS >300
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Table 7
Regulation of retro-reflectivity for road marking paint in Japan at
night time [17] (unit: med/m*lux)

Grade Reflectivity (%) Retro-reflectivity
5 8% > 247

4 6~8 186~247

3 4~6 126~186

2 2~4 65~126

1 2 <65
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Fig. 3. (a) Observation principle of road marking paint with
high retro-reflectivity, (b) Retro-reflective path of light from
glass beads impregnated on road marking paint.

Fig. 4. Very good recognification of road marking and sign
owing to high retro-refractivity of glass beads [20].
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F
urnace Cyclone

Collector

Burner

v |

Fig. 5. Manufacturing method of glass beads by spraying glass
slurry to high temperature furnace.
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Fig. 6. Manufacturing method of glass beads by surface tension
at high temperatures.
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Table 8
Standard for glass bead performance in Korea [29]

Refractive index Retro-reflectivity (med/m’lux)

1 1.5~1.64 -
2 1.64~1.80 -
3 >1.80 <180
4 >1.80 > 180
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Fig. 10. SEM image of glass beads. ‘a’ and ‘b’ indicate the
bare- and the microcrystalline shell-bead, respectively [6].
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