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Measurement of Surface Roughness of Icy Road Surface by Spectral Polarimetry (Third Report)
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. NIR spectroscopic method was applied for the various surfaces covered in ice and the possibility to detect the friction coefficient was

reported on the previous study. In this paper shows the possibility to distinguish the wet road surface from the ice surface covered by thin water. As
aresult, two incident/reflection angles, 60 degree and 80 degree, are needed and 1500nm wavelength is required set for this method.

KEY WORDS: Safety, Road Environment, Vehicle Sensor, Spectral Polarimetry, NIR, Friction Coefficient, Icy Road (C1)

L. ¥ 2 8 Z D_EITKEPR S NIRETHD. =) 7Y A Y ZEH

AN T FAFIZEBDH CARNERLIEDTD, AF v KL
AEZATHRERLTLUNR, EERENEINDZ EREICZE
S THE U PMFIENT T v I T A A=V RNBETHE D
12720720, FEEEAHICIVTIL, LHICRAET AERO
FIEHEATETRY, BIAREFEHIIEDIRY v TEH
DEIED 80%% 5o, FAZMBEE 2o TN TY, FIFKEE
DEERE u 2 EOFEHRE RTANZY TAFA A TRET
BT IO TVRMETHD.

R u ' o ORREIIE, HEer RV A S
2 EERVTIEEMIIC KRS NS, BIE T, EENIRY
T2 Y& ABS EBEICLD Y TAFA L uEHAIO,
ZA4% by NNEIIEE 3 E BRE Y 2 — LV 2EE
Lieky v v /77 /al84 il X 35HONEE SN T
W5, ZNOOFEIRE u OEBSHENTRETH 528, Bl
5 DOBREEROTFRIA LR, %E TIL, KASEHRSE (NIR)
{ZRI S REFT D82 FIA L7z NIR EEEHANC L A HF
2e® 0.0 X5z, KK EOBRAEMRIAEEEET S
T LIZEE L7 NIR s et X 28F5E® O3 s h
TWAD, FHRERRE u OEEITIIE > TR

—7, FRERE L IEEORTAIICL - THELSESZ
ERBEINTEY Y, FREEEOREESRENSHIETE
UL OHEENSFIREL 72 5. E77, LBV OTVWEREIDK

*2015 4210 A 22 HZH.

20154710 A 14 B B B EHENASRFATRER IV TRR.
D - 3) ALBERERAEHIRER (006-8585 FLIRATFREXATH 7 4
15TH41
2) JLHEERIFERT: (006-8585 FLIRTTFHREXATH 7415 T H 4-1)
4) (H)KNM (061-1127 JuREi#ETERT7E)

Vol.47,No.2,March 2016.

FTIUDKEREOKEDE S ZFHEFRETH D28, THIE2S
KOREIREDBEIRIZTEENRENZ EBHEEINT
v \;5 (ll).

K 1R & 918, AFR TN E CHEREISERI:
B NI S TG A ORI DRSS EHIIFEIIR
AL, EERmEB I OMREREORR, FEEREOEYOT
SERCFEFHEELE LB THRELZY. KT, AFED
BIEERROMIE & SHESE IS W TOERAIEZSE, 256N
EERE~DOBAFECOVWTE 2R THE LY. FI38
LIRDAERTIE, B2 miERE & REKES R Iz

- BORERATE & DB FEOBEZRAA T

2. EBEELIUE

2.1 {@oEHRlFEY

HITED—FETH ) Z DIRBIG AT —HRICHM L T 5.
B 2 (TR T & D1, ARAEER JOEBRAIEE ORI EE
ENEN 0 BEOn, AFRALRAAZO, ET5L, BT
ROBRRDZOOMEDREIL, HEAEL L THEPAS
75L&, EBBORBFRANARKNEICHTR KORERR
WGy, b p B I s WOMEIIREMEREOY
HRREHE I ICEEINS.

—7, FHFFHAIZIB TS ESRE OIESHERIE N FER
RELFRFIRT HREZREHRRT 5720101, A—5H
THEL-ZBEOT — D% L 2FERENTHD. 1
>T, AFFETIEpiKE sk L D@EL, 725 Ip/lIs i
DWTER Lz, ZoOHIKRXTEZ BN,

Ip _ tan®(6;-6,) _ sin®(6:+6,)
Is  tan?(6.:+6,) sin2(6,-6,)

471



ERIMEES RN L 2 BEBEOREM BN (E3H)

Fig. 1 Perspective image of this study
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Fig.4 Schematic of a reflection of the light
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Fig. 5 Relation between the traverse length and the thickness of
the water film
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Fig. 6 Plan of the NIR Spectral Polarimetry system

Table I  Specifications of NIR spectrometer

Model BTC261E NIR Spectrometer
Detector TE cooled 512 element InGaAs array
Spectral coverage 900-1700 nm
Spectrograph optical
SRR Crossed Czerny 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. 7 Intensity of the reflected light from Al plate under the water
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Fig. 8 Intensity ratio, Ip/Is spectra from Al plate under the water
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Fig.9 Intensity ratio of the reflection from the Al plate under
the water to that from the water surface , Iw/Iw
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Fig. 10 Comparison of Ip/Is on several test pieces
(6, =60°, A=1500 nm)
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Fig. 11  Comparison of Ip/Is on several test pieces
(8, =80°, A=1500 nm)
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Fig. 12 Intensity ratio of the reflection from the plane of 1mm
under the surface to that from the surface, Tw/Iw
(6, =60°, A=1500 nm)
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Fig. 13 Comparison of Iw/Iw on several test pieces
(6, =280°, A=1500 nm)
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