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Measurement of Friction Coefficient of Icy Road Surface by Spectral Polarimetry

Daisuke Iwama  Hiroshi Kitagawa

Akihiro Kido ~ Kaname Naganuma

The influence of road surface conditions on traffic accidents is remarkable, especially in snowy countries.

And accidents caused by polished ice on the surface of roads are still serious problem in winter. A remote sensing

method for road surface conditions will be effective for the reduction of accidents. In this paper an NIR

spectroscopic method was applied for the various roads whose surfaces were covered in ice. And the possibility to

detect a road friction coefficient precisely by using around 1500 nm wavelength incident light at 60 degree

reflection angle was obtained.
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Table 1

Specifications of NIR spectrometer

Model BTC261E NIR Spectrometer
Detector TE cooled 512 element InGaAs array
Spectral coverage 900-1700 nm
Spectrograph optical Crossed Czemy Turner
layout
Grating 1200 lines/mm
Slit 25um
Digitizer resolution 16 bit
Integration time Ims-655s
Wavelength accuracy Better than 0.5 nm
Dynamic range 5000:1
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Fig.5 Relation between arithmetic mean roughness, Ra and

the road surface coefficient of friction, p
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Fig. 7 Measurement error spectra of Ip/Is

M6 DT7T—FEZRAWT, KERIZHEITS Ip/lIs DEKEL
BMEEDEZTEETRL-EXBELEELTEHLE
FERER TR, K2h, HERH 900~1000nm {1 TEEZE
B3 30%~35% & K& 7250, RO > TREEN
/INEL 72D, 1500 nm FHETIE 6~T%E TR T 5 Z &%
5.

8IIKIB L UKDV AR S ML DFHAFER TH
5. ZOBEOKBIOVKOEZIIWNTND 0.2m THY, &
HBEIZZNEN-SCRBILVN 5CTHS. b, KBIW
AKITVFS 1400 nm £V HRFEROHE RS BNTDHHD
D, BEEOHITZ LA ERIRNETHZRT S Z ENR05.
- T, KEBRLOVKEIZBIT B2RE AT hVAs 1500 nm
IDADRERIRTIE, THIA D OREIIK EKITRIEN
D728, THOEBZBRETELLDEZEZLND. 2B,
KGHDZE D RIFOKERIZLAFEDOA H=A LT L
T 1500 nm fHEDRITHFICBRE L2V V2D, ABIFEICE
WK FEIISMELE 72 B au,

TR0, AFETEERRZ 1500 nm (HEIFET 52
CICE S TREDEVEHHINAIREL 725 Z EVHBA L7, 1€
2T, UBEOESRIZBONTUIEERED 1500 nm DFEIZD
WCDBRT —F DFEATEIT-7=.

3.2. ANBHAE G, DR

I TIIARKAE 0 | PAFHAIFEICRIETERIZ OV
TIRETZERATZ. & DIF Y OTWVEEEIDKE EIKIED AR
SNTZHETHDHDOT, TTH 3 ITRLIZKEKDBRNTS
TAHEROBENTENE I, KEBLKIH LT 2EL
THBAE DL Ip/Is ZRD7=. TOREREX 9 I{TRT. 7238,
ZOBEDKBEIZIT—HFIE LT 240 BFDH > RR—/RTH
TAVT LELOERAVE. Mhb, X3 054 LRI,
0 | DB > T, AKE KB L TOKEED Ip/Is ih &< 72
50D, 0,75 45° LUEIZ725 EHICKRE L 2 AERZR

22

1.20
I‘.‘
1.00 -
= R
¥ 080 p—— ===<lee A8
§ = Water ‘\
_g 0.60 .\'\
o ‘w
12}
S 0.4
2 0.40
0.20 s’
' ot N l ‘ﬂ
poeec
0.00 EHL
900 1100 1300 1500 1700
Wavelength (nm)
Fig. 8 NIR absorbance spectra of ice and water
A=1500nm, Ice(¥240)&Water
0.7 *
0.6 7
0
0.5 =-@®==]ce ,’
» 04 | =—O— Water ,//,/
= ;<
A\ )
02 24 vy
\‘2 /
0.1 4
0 > e
30 40 50 60 70 80
8, (deg)
Fig.9 Influence of reflection angle, 6; on measured Ip/Is
with water and ice
8,=30° 1=1500nm
0.45
- === iz O
04 O=="
’
2 £
= /
= Water
0.35 - —
(0] =<O==]ce
0.3

0 10 20 30 40 50 60
Ra (um)

Fig. 10 Relation between Ip/Is and Ra (8, =30°)



6,=70° %=1500nm

07

0.6

05 O Ice S—
= = water
S

0.4

i3 B VR L, P

0:2

0 20 40 60
Ra (um)

Fig. 11 Relation between Ip/Is and Ra (8, = 70°)
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Fig. 12 Relation between Ip/Is and Ra (6, = 80°)
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