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ABSTRACT

Snow, rain, fog, and particulate matter interfere with the vehicle driver’s vision, which causes a
non-secure safety distance and an increase in speed deviation, causing repetitive large-scale traffic
accidents. This study developed a road environment sensor capable of measuring 11 types of fog,
snow, rain, temperature, humidity, direction of wind, speed of wind, Insolation, atmospheric pressure,
fine particles, rainfall, etc. and compared the visibility measured by the infrared signal value of the
development sensor. The relationship between the existing fog visibility sensor and the development
sensor measurement was derived from data measured at a visibility of 500m or less that directly
affects road safety.
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<Table 1> Specifications of road environment sensor

Category Measurement range Resolution Method of measurement
Fog 10~1000m Im Infrared
Snow Presence/Absence Presence/Absence Infrared
Rain Presence/Absence Presence/Absence Infrared
Temperature -40C~807C 01T -
Humidity 0 ~ 100% 1% -
Direction of wind 0 ~ 359° 1° Ultrasonic wave
Wind speed 0 ~ 40m/s 0.1m/s Ultrasonic wave
Insolation 0 ~ 2000W/m2 0.1W/m2 P.Diode
At;‘::::i‘zﬁc 150 ~ 1100hPa 0.1hPa -
Fine particles 0 ~ 500pg/m3 Ipg/m3 Infrared
Rainfall 0 ~ 100mm/hr 0.01mm/hr Radar
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<Fig. 1> Testbed to demonstrate lighting performance(KOPTI)
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<Fig. 2> Simulation of foggy situation
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<Fig. 3> Layout of simulation
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<Table 2> Specifications of visibility sensor

-:l Visibility sensor @) Fog Machine @ Diffusion Fan

o
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<Table 2>9} 2t}

Ttem VPF-710(Biral jit)

PWD10(Vaisala jil)

s
LE
. . f ﬁ i ((( D)
Dimension T aad
- T

404 [15.91]

695 [27.36]

_ 161(634] _|
140 [5.51]
~ 6706571

225[0.98]_ |

_=D

“ ~Te8(2.68]

Operating principle | Forward scatter meter with 39" to 51° centred at 45

Forward scatter measurement with 45° scattering angle

Range 10m to 99.99km

10m to 20km

<1.3% at 600m, <1.8% at 1,500m,
<2.0% at 2km, <8.3% at 15km,
<10.5% at 30km, <20% at 75m

Measurement Error

+10% at 10m ... 20km

EMC Compliance EN61326-1997, 1998, 2001

CISPR 16-1, 2
IEC 61000-4-2, 3, 4, 5, 6
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<Fig. 4> Visibility Distance of sensor(Biral and Vaisala)
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<Table 3> Model summary and parameter estimates

Model Summary Parameter Estimates
Equation R square F dfl df2 p-value Constant bl
Power 0.988 54498.105 1 667 0.000 1940028.388 -1.131

500

400

w
Q
=]

VD_Biral

N}
=3
S

100

0 10,000 20,000 30,000 40,000 50,000
IRnet_LEDO

<Fig. 5> Relationship between VDgry and IRnet gpo

VD, ppo = 1940028.388* ([RnetLEDO)’ LIBL e @)

A7VA, VDo : WL AALEDO)S] HM Asgtoz FAT 7FAIAR F
IRnet; o« ML AXALEDO)S] H9H 2st

7 AA(LEDO)S] A2 A Z g (Rnetiepo) 3t 71F Al M Biral)oll A &% 7HA A 2l(VDgir) o] Wlal 23}
TAHCE F oHolY 1 AAdAI} v =2 AoE EAHACH, nebA AT Ao Aol AEge
ggste] M ZHAAEE 71 A mig Fo7 FEoE FAT F e Ao dddEn
ol& AF3t7] Al vAER HolE 28470E &8t ZIE AL AAAAGT FHA ] THIAR R

= HSEE THACR 73?‘4'8}@‘5} A7 A= <Table 4>9F o, 73245741% FrolgEo] 0752 o]
T FFE 0055T ABE “FOFFE 5% StollA 7E A TAAR G T4 Q] A AR g Aol
7F gtk 2428 UdE F Atk
<Table 4> Result of paired t-test
Paired Differences "
Mean StDev | SE Mean - »% d ! df (5-;1123)
Min. Max.
Pair VDgira - VDieno 026761 | 14.24169 | 0.84509 | -1.39585 | 1.93106 0.317 283 0.752
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