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ABSTRACT

This study compared the performance of LiDAR in detecting objects in rough weather with that

in clear weather. An experiment that reproduced rough weather divided the fog visibility into four

stages from 200 m to 50 m and controlled the rainfall by dividing it into 20 mm/h and 50 mm/h.

The number of points cloud and intensity were used as the performance indicators. The difference

in performance was statistically investigated by a T-Test. The result of the study indicates that the

performance of LiDAR decreased in the order in situations of 20 mmy/h rainfall, fog visibility less

than 200 m, 50 mm/h rainfall, fog visibility less than 150 m, fog visibility less than 100 m, and

fog visibility less than 50 m. The decreased performance was greater when the measurement distance

Received 17 February 2022 was greater and when the color was black rather than white. However, in the case of white, there
Revised 4 March 2022 was no difference in performance at a measurement distance of 10 m even at 50 m fog visibility,
Accepted 22 March 2022 which is considered the worst situation in this experiment. This no difference in performance was
also statistically significant. These performance verification results are expected to be utilized in the

(© 2022. The Korea Institute of e .
¢ Torea TS © manufacture of road facilities in the future that improve the visibility of sensors.
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A& 3 2% Automated Vehicle, 13} AV)oll Z2E MM &A1) £ 98-S 48 FTHKICT, 2021).
AV7} %3314 (Recognition or Perception), ‘33T (Decision), 43 =9 % 2}#A) ] (Localization and Control)
o dH9 #AE FYPFOE A FH FFS AASE 4TS FITTh Ao FEelA 42 AV
o] T2 A& FY3le AFA, RAA 5o 3 0)= EA(Dynamic Object) 2} T2 I TZRMAAEE 52
& 0|2 = EA|(Static Object)S Al AR (Detect)3tal, B4 EF(Classification) 3= Y= «]‘:’] gt
(Herrmann et al., 2019). 3}A| 9, EF= SA4Z o2 5—}’\ glo]g 7]%te AI(Artlﬁmal Intelligen) 1B &< £
|51, go] 153 45 B4 /7Y Ao 3% (Herrmann et al,, 2019)3&‘31'L
Aol AA e EAE ANE HA = Zlola, ol2ldk A A ]7P Hzo H-stA o] FojxoF A
A EA 27 AGHE F4E Zolth o]E X AlA 9 A S FaIA o AR FFFs v
o= YuldlA F a5l

AVol| &85 tEHQ AA= G2(Vision), LIDAR(Light Detection And Ranging, ©]3}, LiDAR), #|°]t]
(Radar)©|t}. ©]E o LIDARE dAj2] AVE] 7|&Wd-S A =8t UKL and Ibanez-Guzman, 2020). EHIE
ZTE QEEHE 45 AVE YAOET AgFYr|es FEEIA AN tiREY Ad F< Fue AV
= 947 LiDARTY AAME g3t &83ITHKICT, 2021). LIDARE 59| 932 g who} Fopztke] A
59 A7} Aom, 3pFHE =AE AAst, HA AYg=rt ¢4 AR AEA AtKTang et al,

o
°?~
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vl
l‘l r
e T
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2020). Wkl €} AlA E3 nRIA = #-HLOHH 59 AT Ao AFo] AstEle EAE 7L ok
(Goodin et al., 2019). 3A|%H Be 7|EEHEL oHH 3 Al LIDARS] £7F A% AEA AsE B3 7
o tlR-iolt} oA B, 7]E FAES L DAR«] AR AeRtis ugEe o9 AT Ao tiste
HAo] FFE At olgfd o] fr& AT &8s L1DAR4 71N GA7F AR ¢hol LiDAR Al A}

7} &4 & o] ¥ (Beraldin et al,, 2010), AV 835 I3 AF7do] o} z18) FolojA AV AlA S AXH T
INe 7IeFFoE FEE o] 7] wlEoltiJeon and Kim, 2021). o]ol AlA EokoilA= LiDAR}
TRz AA HolEHE B3 2ZEYAE MAsted 9FS JFeta ok ATE

LiDAR7} EAE QIAl] flAe Az EAE A WHE 7[E2Ho=2 F43tA dvh= 33 &
Aol HolHE FAKirradiation)ste] ol o= #lo] &) e} oA & EA 2o Ae]ES A5 LIDARY)
25 Y25 1T, LiIDARS A AsH7E #AE 7hH ok ?}8 Z 83}t t2°] LiDARZ} A5}
= BA7F RYAE TFETH LDARTE BYAE Hx A4sts AA s F52 dart ok AA e

< o
PAUAE A AR AL T AolE YTE WAZ, AANES LAS Bad, o)E A8HO2
BN 5 e ASAEE Basith old@ PSS BAARE Hes AVE AUshs EEA
MBS HE o] Fod olth,

# A7ollA= LiDARS oF & A(7F9-3 b7)A9] LiDARS] H= HAde< A
of A or dotrual Atk o3t dF Al LIDARS] A5 A& o
=9 el &8 & & Aol 7ivdh

1. AyAFHE

LiDAR 7]&-2 GNSS(Global Navigation Satellite System)7} ddZ o2 da] ARE3517] AlZSE 199013 T ol
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71&219] RS o] £, AVE LIDARE Airborn LIDARS £33} ZAo|th. AVE LIDARE &5, =8
4 SIZAEE JR 5o w5 FEE 4F R F3o] &E5Y
sto] st Aol AT (Guan et al., 2016).

LiDARE T2 24 th 2] 760nm~1900nm 3+ (wave length)e] #0]AS ZAK(Irradiation)tod, 942} HH4)
(Phase Shift)¥} TOF(Time of Flight, ©]3} TOF) ®¥2lo] §lou}, HZddle ZAEEY W21 EX4949] A
Fo] A2 TOF W2lo] 2 &85t whebA TOFE2S LIDARE &4 9] A, vhAl E49] #lolA ¢
AL A HAME B2 o] Aol AR Y-S RHThKICT, 2021). ©]o] LiDARS] 8 A5 #o|A
B4y A5, & GHE(Bye safety), A AE HFE(Accuracy), Ao} (Field-of-view), 'd<(Scan
Frequency and Range)s%] LiDARS| 1 A& & 7t olU2} Intensity, Numbers of Point Cloud, Energy
Power 59 E4|9}] wALe}l B ASAREE QThLi and Ibanez-Guzman, 2020, KICT, 2021).

AV FHo| EAE ZA|(Detection), 214](perception)® Z2|(Localization)3t7] ¢35} LIDARE &3t}
(Li and Tbanez-Guzman, 2020). & AV &2 AAS BA3Y] Y3l 53U A B}, A5 F,
FH A 5o ARES At LiDARY 9|EsH7] Wil AVolAl B4ARl MA 2 FAE 1 9l th(Tang et
al,, 2020). FE3h= Ho AVOE Hrhike 739 ¢o] % LIDARE &3le] E0EA 5o Hxo] &
&3 (Jeon and Kim, 2021). ©|% % LIDARE AVY] HZ WAS FE3la 911, AVS LIDARS E3&to] ¢k
A% FY& 95l Basdk ot JRE A3 UTHLi and Ibanez-Guzman, 2020).

AVO] AN FRE A A, M, = 2L AT A o] Hasiw, T A9
LiDAR®] A5°] Astdti= F40] thBloomberg, 2018). Goodin et al.(2019)-> LiDARS] -3 A A543}
o] YL AFAT 4 Al EAlO] WALE Y Eolo= #o)A 7} Bligo] FHHA Eolee ol
A EJEQ] 7J4(Numbers of Point Cloud)’} E1EH, EA7} ofd HlHF&of RUdA EoleoE Ho|AR
olate] EA9te] AR Erl "otk Goodin et al(2019)S 790 whe} LIDARSY Hh<14 A 2](Max
Range), Numbers of Point Cloud L& Obstacle Detection Range’} 7432 A& oS 53l A|AsAth
NS A5 Hle] A vl o] FE Asol At s AT F 9o, Kuila et al.(2016)> 47N
2 Qlste] o] HXH LiDAR®| AAA 7} AZetA AskEd-S Aw3t3th Kim et al.(2021)+ LiDAR®]
4 A s ASsHeH, 793l wWet Intensity2} Numbers of Point Cloud”} 312 &3} Hlalsle] A3}
AL AF g gA2E Eslo] FA8Y T Park and Kim(2021)2 -7 Aol LIDAR®] A%50] A3stEH, &4
o] AzZro] FANY wf ®r} WY wf Ty WAETE e AALFE Ao At F& AT
S Tang et al.( 202002 AA FAA A AVl A2E LIDARE BYAE HASHs HAEE T3,
A LiDAR®| &7 A=rt AZstA AstES AE3+3th Roh and Im(2020)7F 343 H&2AF A
AXE o g Avel 7H A3 JiAdsoF ke Eobrb oS gt BEch

71E9 BT T A9 Aes AA E2EA A Hsty] Hrhs A AP AlEHoHL
2 AASAY, BAE J4she duEEY AEEE PIATIE TFOE YTt AT FHITo e
OFHE JFo) A <] LiDARS B5& FAt /Med ASAREE Tt AASIA ke =Eo] AT
Montalban et al.2021)= 9 & 7}A] LIDARAIZAPEZE Qb7 el vl WM3lo upel A%5H 7S Numbers of Point
Cloud BEAEE &3t ATAE HSE AT sHAIE HI9k Qb)) Fo otH$ 43e] Aloj&
Aste] Aol A SA3H 2, LIDAR 2ol AAIE HA Aol vlaste] 10M QHre] 22 A ¢t
AT A5E Y3 Kim et al.2021), Park and Kim(2021)2 LiDAR®| #HZ #A4°5< Intensity2}
Numbers of Point Cloud A 5A£ES &85t AAERE oA F4Ae Y] H5H7HE FHstA o, A
P THBHA Rt 3 Aotk RSt

bl
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Ky
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ol A = AT 713 dd Al

B7N15 QAR &A% F=27edTdY T LA
el

ElE 4204 Fof AA FP =} A Eldo] AX| o] 9lom, 49, A, ) o] A Jhssith 714
AL A A= QNAEE $s) LI A (Fog Machine)S &-&3ta low, ZAE &4L 7)3}5}
RJINE HAYAN 7|2, G4t RS ol ABATE FAshE WA OE ZFdith ol &8 o] &3 e 2o
7)ol F17F8HA °—‘°} SAZolv e ﬂﬁoﬂ*ﬁ I AFo] sty HlwF A&AZte] 21 A o] 9}
o SR EE NFE Aulg) o] AXH AAAE B8 BRI, dFo2 WEEE FASI 23
stk ol & E9, T FFE A9 71AA g B WY A 1km o) AFAYY} HES BEF
< 243, AAZE 3] AeEE 22 e AFAR 50m o8t 3ol HES 7 S HojA =
= QS e Z1I3AdAE A= A A 20-30m AR FE H 1km o] AR AFES 7Y
T dom, B dAFoxe AFAE 50m olstHE Ho 200m o|3H7hA] 4GAIR o] AEsch

fog visibility by time
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<Fig. 1> Fog visibility by time
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<Table 1> Test Scenario Setting

human sign color white ‘ black
vehicle speed 40km/h (locked in with cruse control)
distance between sign and sensor om [ 2m | 30m | dom | 50m
fog intensity(visibility range) under 50m | 50~100m 100~150m \ 150~200m
rain precipitation(rainfall mmy/h) 20 mm/h 50 mm/h
data measure 5 for each fog intensity / 5 for each rain precipitation

104 =TS ==N| M217, M22(2022H 48)



o 3 Z2 oMol LIDAR AR M& Hstof| het o4

=4 A A3 AH3A L <Table 1>3 2t LIDARF AAASS #2317 93 AANY EA= A}%
ok AFREAIE 28383 <Fig. 2>oA AA B FHEH, Fol= 165ecmo|th AFgEA = 2
I HeA T o7pA] AGe dastgom, AfiFo]l sH F33tH LIDAR HolHE TS BREEE
40km/he] 9 £x= AASAET, ol AP AT oA LIDARY 454 E 5 Intensity$} NPC+ £5=0f o
2 g7t BARHOE fo8tx] & Aoz AAH v 17| wlEo|tHKim et al., 2021).

ZAL FATIA AT Ul Aol $IAg A& 7HA3IHR O, <Fig 2>9F 22 FAHLE 53
HAT <Fig. 2>+ T ENFHO A FEYAH Al AN AAEE S0km/h)olst B2 FATIE B
go] Ao} FAEHA S XHzﬂ_f& Zolty, FAREIEY] & Zole 11mE TS M, 60me] $3}7-7t
50me] ¢+ B Ao ® AASAT AAFEAE FATIE FHAA 10m Ao = HAst], A Abg
FA S Ao AEAE vebe] A9 Edth A Al Akl FARE A ETE 200m Aol A S8
sto] AT £EE FATIHS A8 tlolElE SAHstAon, ¢l gks whet vl ~E] A WA st
o, 4STHREE Ashe TR olFstdth 437k wet H2E3d] olFdto s, AxH wEol
oA o] Fdte Ao ol AelE T Tk A ARREAVE AMe] HE AgE H4 60m ol

_l==

(Tanston Ao J—— ——(_ButorSpac

5 ‘ 7
| 60m | 10m | 30m ™ 1om |

H]:= Robosense RS-32 A4 o)W spinning EFY 2] 323d gho]ttZ 905nme] &A1&
A e Tt gAlE o, 2 AgoAs 85 7|6ke] DAQ Al=H 3]
o] LiDAR ZHZHE 7} 7] A S (Intensity) 2 A8, xy,z FE, YA 59 RS £ 2
t}. LiDARE 5474 A FH 360% A3k A wolHE 33t 3D AEE T3t & Azt =
Ho] golHE 33
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<Fig. 3> LIDAR Sensor Equipment and Human sign's PCD example
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B AFelAE AFEA ]t dolE £3& Adstaat st AFEA ] fgst= F S-S ROI(Region
of Interest) 2 A3t HHE FE3TE B0l &85 LIDARS H5AE= #lol A2 HHA S (Number
of Points Cloud, ©|3t NPC)S} @014 WA ztzte] o x| 7= ()8}, Intensity)® 43T, NPCE
LiDAR AIA7} 38 A7) 5 Yehle Aoy, B Ao s AFEA7} AYR 99 A7 (Point
Cloud)?] 45 9udith 2 NPC 437} =& AL Z4d) tis] B} 4Ae RS HEIPTE AL 9
HatH, 59 Ag7|EA A& @& NPC ztol= &4 ¥4 459 ®sts A5 F e A#7) dok

Intensity'= 2t Aol 7|28 gol AP MAZEE o)u]aty, RS-32 A9 F$ 02552 SHER ¥
QT‘% o7 °ﬂ E}.E_'U% 1000139 X ARFAR] WikAL BHIA FEE = FXolH, 1008 2H3tE 5
H, AARAERANAN F2 HSHE FA0Y F, 2 Intensity FAE A7 ARAES

< v, Y Agr1ElA 7177d3 el wE Intensity Aol NPCo} vR7IA| 2 &4 &
2 Rl WEE %23 5 9= A®s} Atk NPCE 7+ 24 3148 A9 409 o], Intensity
v 4 34 5-AYERE H59 4 ArEhntensity gt Z-&sth

71’8432 Intensity$t NPCE 28-S 5o 59 ge 2= A43HA o
Fioz ~AYYs AAEGT) ol SR EA e AgoE PFFL v AT
Y HE7|o At w2joln oo} 7o

BN
A
ol
ol
lo
N
2,
o
lo
2
91-'
=
tlo
ru,t
@ or

5
sml()d n E npcy; npc(:lea,r>

np

where, n is climate environment

rain intensity : 20mm/h, 50mm/h

fog visivility : ~ 200m, ~ 150m, ~ 100m, ~ 50m
1S i, mpc in n climate environment
is mean npc value of clear condition

npc
npc

ni

clear

5
IntenSZty scaled_n Z(]ntenszty ni / [ntenszty (:lea,r)
- i=1

where, n is climate environment
rain intensity : 20mm/h, 50mm/h
fog visivility : ~ 200m, ~ 150m, ~ 100m, ~ 50m
Intensity ,,; is i, Intensity in n climate environment

Intensity is mean Intensity value of clear condition

clear

1. B2 2o EX72|¥H NPC ¥ Intensity

<Table 2>+ ¥
L LiDARS?J-
7<4 oz 7476/\11 oﬂ

Jm r\o

2] NPC9} Intensity S 2| 2}2] 741“4%§ =A% Ayto|tt. NPCY] 79 LiDARS] 2
A o A AgsTlel wet Hab Fadte dH oz JAFHNH, dXo] Ayt
el = Aol g Aol = vz Zedth

& NPC £4 HolE Ao AgEA 9
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NPC &4 A3+ <Table 2>} 2T} Z+ Ao A AT Z7lo] W2 NPC Al S-S AME fAEIE =
g, Z4A27} 10m 4 71 o }E} C7} A Aol Hlg) 45~70%% ZrAaske] 50m7F H9E 10m A9
NPCOl| HI3) 10% 250 A= Aoz eyt AAH oz 2 A7 Z7}d weh NPCrF 7HA4stezs
Al 40m o)A A3 7&%4'49] NPC o7} 58] b2 FFO 2 743t NPC A& &4 A4
AR E WS T e ARE, HE 9 4% NpCol| 7|9k A A2 Ao & X zpole A
ok B ZHole AFsTh

Intensity= ZF HolA 53 ghe] HF o2 AlLtkE o, NeColl Hlgl g o2 HAaprt ad, 4 A7}
HAATFE FA7F oA = HHS 1@11 ATh LiDAR®| ¥g]& S Z = Intensity »t— HHALE o] Fofe #lo]
A 2o Aert HEE, WA AFE gho] Yol Zo] dutH ot E Ao AFA = 0|8 AtEE=
fﬂ ol & AdelA 283 A7t ZAE0m o)l A= Intensity TAE BT JEHOE A A

BHata 7] wiielth ol dg Aule] ulF Ay gl wE Adeld, meta £ A3 9| Intensity
FTAE Y Al HollA Ziid vugEg glshs Zlo] HAg Aol 2t At 242 3
Aol vlg] Ayt o]ste] X F Holil 9o, I HAake At HAASFE s, ol ASU
w2t Intensity7} RS A AR AL, A0 E £A7F 52 Haro] HobA WAsE Ao E Rt

92 2] NPC9} Intensity T4= 71°373%2] LIDAR A A% 4 @FE SAHs] g 7IE #e=
a5t} 71& ge 83 -2 Montalban et al.(2021), Lee et al.(2020)01 4 283+ A3} o] E4 7]
d e AR Fe W Y 7E #oE U B (Scaling) 02 T3S o] H 3 WHE A F
Zhel w2 AFE o] AAE oAl 71 A8 ke gty golg Aol it

<Table 2> Mean NPC and Intensity by distance in clear Day

NPC Intensity
distance color
n mean std n mean std
black 134.3 32 403 4.1 4.7
10m
white 185.3 34.1 556 32,6 13.2
black 73.7 2.5 221 8.8 5.0
20m
white 109.7 5.0 329 37.1 21.1
black 333 2.1 100 21.6 13.3
30m n=5
white 53.7 12 161 60.9 31.8
black 23.0 3.6 69 51.1 26.4
40m
white 31.7 31 95 146.4 29.1
black 14.3 32 43 62.6 44.0
50m
white 18.0 2.0 54 128.0 337

o
Zolth B E=FoIME FOE b ARARE NRALYE, AW FALY A ZHALYRE FYsHol
Nestnn @) <Fig 3>o] HEFL T, 95 AL AguEAe] AR, T NPC, ST
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Intensity 35 A1 E9] HatS vt Zzke] AZ M3t 200m, F34 150m, =4 100m, W7HA
50m)> A A E ofv]etH, x5 LiDARS} A EA 9Fe] SHATE 10m G2 TR 2 A2 5
He] W A7 ARAYNA AEd YFAE e EFAAE Yulst). o] <Fig. 3>3 o] T3
JYEZe g2 Fof Zhe 3s 12 RSt g2 A3 vwstn g, 7)1 Agke] Wkl met ghe] WSyt
Aot HAEEAE A & F e Aol At <Fig. 3>9] Iz A9 oe e Zr) A X
o] gre d 10m AT A NPCO B3-S 1853700]th o] 2 <Fig. 3>9lA= NPC 12 AA3H L, A
AAE 200m@ENZ G o B Foll vls| dupnkE grol WMslEleEAE & 4 ) <Fig 3>
e ‘éoﬂ Hlo}@l NPCE 10m SAAZ A= A9 Hsyh gl zlo] #&AT =g, g4 e His
= A E o di= 1°“§.§ APHoZ & & 9t
A 134_*" ANEEAE AHRES ST oY ARAR BT, SHAE 10m7HA = NPCo X7 B
&3 AL ApolE HolA °—‘hﬁ}— o] FlAth &, ZAAT 10molH e NPCE= AAAZ 150m 43
E, 71 ei7F Adk AAAE 50m olat7hA] B B o) 100% Wl FA7F R sA, A 1
e AE HAEEY o= NPC7F Sttt 254 2ol Wyt wAss Zlo] 9H Ado|lng
< Atk A AL 50m ol3t TR SHAT 20m7HA= °F 80%, SAHAE 30m7AE °F 60%
of ANAF}E HATh oY Ade vl¢ FL S AME ] EAle AW 20~30m HE oA
ARG BARTE Ag oueith 24 A7) 30m o)de] He AlMe W= e
NPC 4] 7HAaFo] FEejA]7] A&siH, ARAY ZE=r7t 23 AR NPCo| FH4Zo] A7 Yehdth
71 W A=7F B AR A 200m o3t el E SAAY S0me ¢F 60% TE] NPC7F S780] H
o, Raw Data® 53l AUlFAE A2 A= <oF 12709 NPC7F 353 QAT

ru[o -[u: rlo

- White sign i Black sign
fog visabiligy
10 1.0 — ~200m
. \_-— ~150m
08 — 0.8 — ~100m
— ~50m
g os 06
z
04 0.4
02 0.2
00 0.0
10 20 30 40 50
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<Fig. 4> Results of NPC and Intensity measurements in foggy environments (shadow:s.d.)

WA, A AE 150m olstoll A= A S0l et AA Asol A Hastr] Aztsked 574 ARt
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40m7HA & 2 E9 60%°l AFstes TXE BAAR, SAAD 0me & GEFES B9 7|E 79 20% v
o, A A= 470 ©]ske] NPC7F S EHUATH AR AE 100m ©] kel 50m o) et A 02 AR A3
< a5on, ZAAY 40mE e ol ety 20% FEOE Boj & AT somolAE Bl 4
SHNPC 07N, WA AT ol2ldt A= W AR A} 50mE de S N EEAAE AR
40m o)’Fol X F EA| a4 LiDARS] AAHF0] AdAUES BoEnt ¥AH, S A 30m o3t ¥
9 ol EAlol daiA s B ol vlal vlwd & FA5kE glo] A4 &7t /besithe A Gl ARt
1 ohjr

Intensity 414 ¥7= Blud @t FEE Yebged], el A8 AR Y 2 SAA Y] S7tl wek Azl
Ao g 27} stetete At UERT ol& thr] Fo 7 Blo]A 29| Ak} HiALE Y oA Abgt
FA M o] R ES W37] wjiol WAste 232 s dth NPC S A} dAA B, 7]Eo| &
& Intensity®] & 7513 A= b5 EE AESo] 7 dAsto 2 Qls) AukAQl MAE s} A ShE = 233k
A oS JALETE ol Ao At Ao ®E AdEh

-4
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<Fig. 5> Results of NPC and Intensity measurements in rainy environments (shadow:s.d.)

A AN ASEAE B, 22 20(mm/h) ol A= NPC7F w0 2 (o] $3sta glo] ge %@EHH]
NPCY| &= & zol& HolA getta & + itk ¥ 97 50mm/h) oA+ Boh o3 ZHaX S
< B3tk M & age S8 40m‘Jr 50m7}
[e)

Begom, oF 70~80% FFCE NPC/} 7H4stE H€l
ohd =37 30m Aol FZE AL o= 79T A= W] 2 ANt o] Aol wel g7

ol BAbE BY9AY HA, &5, 2EZ(EAS AAMTLE 33 Fol FFS E F ] WESE Mk
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<Table 3> T-test results for NPC

: fog intensity rain

Hm:fl (35:1) 150-200m 100-150m 50-100m under 50m 20mmy/h 50mm/h
npc | p-val | npc | p-val | npc | p-val | npc | p-val | npc | p-val | npc | p-val
10m | 1853 | 189.2 | 0.804 | 190.8 | 0.733 | 187.2 | 0.904 | 183.2 | 0.888 | 206.8 | 0.293 | 1950 | 0.786
[ 20m | 1097 | 892 | 0.0007| 87.8 | 0.0007| 848 | 0.0017| 792 | 0.0017| 1075 | 0.652 | 930 | 0.071
vsvihgl;e 30m | 537 | 44.6 0.001: 450 0.001: 40.0 0.055; 292 0.020: 490 | 0231 | 350 0.095:
40m | 317 | 22.6 | 0.0407| 19.6 | 0.0007| 50 | 0.0007| 50 | 0.0007| 29.5 | 0.311 | 263 | 0.067

S0m | 180 | 122 [ 0155 | 30 | 00007 - - - - 180 | 1.000 | 150 | 0.121
10m | 1343 | 1198 | 0271 | 95 | 0.041"] 32.8 | 0.0007| 122 | 0.0007| 139.5 | 0.183 | 22.5 | 0.000""
20m | 737 | 29.8 | 0.0087| 6.0 | 0.0007 2.0 - 30 | 00007 703 | 0.504 | 11.3 | 0.000”
t:iagf 30m | 333 | 875 0.003: 2.0 - - - - - 29.0 0.192* 35 o.oo1f
40m | 230 | 25 | 0005 - - - - - - 148 | 0065 | 20 | 0.0047

50m | 143 - - - - - - - - 98 | 0103 | 10 -

** . statistically significant at 95%
* : statistically significant at 90%

<Table 4> T-test results for Intensity

fog intensity rain

Human sign | intensity | 150.500m 100-150m 50-100m under 50m 20mm/h 50mm/h
(distance) (clear)

inten-sity| pval |intensity| pval [intensity| pval |intensity| pval [intensity| pval |intensity| pval

s sk sk sk e sk

10m | 326 183 | 00007 169 | 0.0007 14.1 | 0.0007 14.2 | 0.000”| 30.8 | 0.008”| 11.3 | 0.000
~[20m | 371 159 | 00007 135 | 00007 98 | 00007 9.8 | 00007 332 | 00127 173 | 0.000"
‘Zihgl: 30m | 609 153 | 00007 104 | 0.0007| 87 | 00007 10.3 0.000: 55.7 0.067; 30.7 | 0.000”
40m | 1464 | 280 | 00007 21.0 | 0.0007| 234 | 0.0007| 214 | 0.0007| 124.0 | 0.0007| 615 | 0.000

50m | 1280 | 22.6 | 00007 19.8 | 0.0007| - - - - 109.8 | 0002 57.1 | 0.000™

sk sk

sk sk sk sk

sk

sk sk ok ok

10m | 4.1 0.9 | 00007| 08 |00007] 09 | 00007 1.0 | 00007 38 |0273| 55 | 0.006"
20m | 88 24 | 00007| 20 |[00007] 17 | 00487 27 | 00047 86 | 0653 | 67 | 002"
t:iagf 30m | 21.6 6.9 oooo 55 | 0092°| - - - - 183 | 00417 202 04793**
40m | 511 162 | 00047 - - - - - - 50.1 | 0.840 | 105.1 | 0.000
50m | 626 - - - - - - - - 49.8 | 0.097"| 592 -

** 1 statistically significant at 95%
* : statistically significant at 90%
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18

Z5-% 20mm/h) FEANAME AFFEA L] A A dHgle] BF AAVE 7HsE A, NPC A
Al B g3 vlwste] zfolzh A4 kol AA T vt LAY mlHEGiTth

739-@ol 50mmmh)et AFAR 150~200mE MZ AR Asstee Hol MARER = Bed o
80%<] NPC 215 B o), A2 AFRERAE Al wehA] 20% FFo2 stetshs 47
of AAAAME & HAAHA AU, ARl Afstr.

FUHoE ZE Rl ARAY 150m oldt Al E A2 ZAAY 20m7MAR 2HAIE] HZo
7Fsataal, AL A dm7AlE #5o] Jhssh, e 2] ZIEgkel vsiAE vl AZE NPC
FAZ B

V.3 &

AVY] HHE TS HeiA e A T 9 Q12 (perception)©] 83, o]d w2 AHI=o} FA
EE Ad LiDAR AH7} A-&F8 ApeEe] ARl A F shuE FA433 T o]of] B2 LiDAR #d o
T7F AA = ko, 2 LIDARE IARAA & AHlA Mdqd JdFor 535 7)1dAde] Aol
AAEER 1A E A =E3AA AP AYSAY, AW 713" AWdA dAY AFE FdE A
T7F terolth E=3E AlA A|Z27F BA o B|AtlA o] FojA = o] {E MAY A FHETE AA A

AE 53 FHE deolee Ay ZaA 29 duEEs AT o] t4E AAEa 9tk
B A AA 2o A&5F3 A4 LIDARE A2 B&ste, 714483 547} 73 =237

A SALEE T o7t 3tk ol LIDARE F3 704 oA AAMeolE +3-> A > &7
olghe dde AN = DAV FastE d4e iRl Fa glon, FHEA A A =L HolH
SFEI7} HA o o)F AL FE] £ HolH At HA e 7HsAdol w71 WEelth
w AFolME B2 g 71T A 49A G lek 2@ Al o] T =S 78k LIDAR A9
At A A Azt Ade FH8AY e AEE LDARTE @A A2 & ofvlsh= NeCet 7t
o] glolA 2 MAZEE ovsh= Intensityo|th. A A3, B2 thn] 714279 AA A5l
et F&F -5 20(mmyh), 7R AGAE 200m o8}, -5-F 50(mmyh), 7 AGAE 150m ©8t, A

AAAE 100m I3k, ) ABARsm olste] w02 Uehgith Ea, B4 AFgEA ] HS, 7P ofxa)
Q1 ek} AHAY som olstlAE ZRAE dm7AA AATE Asek o, desel A9 biARA
150m o3l A el ZHAY 20m7AA s AA7E TFsste] Bz Aeslel MM AA Aol e =

o
bttt Park and Kim@021)e] A7 ATe) N A8 o] EABE A LS AT WA o]} gL A
ZHE LIDARS| 79419) 45e] Folzk A9l ¢1e-2 UHel A2 2 ], wzbalolut shehl e A3 5
@ A7} B39 Zo| dSH.
Lee and Suh(2019)¢] AT 2w S} WEA G 7Hg 5] WASHE b ZEE 100-200m A
BAYE e ol AA he] 80%7F Aol 100m o4 AOE FeiA ik B ATl

A b T AAAE 100~150m$} 150~200m T-3ko] ool dlFatH, H2M3 o] A ARQlAgo] v
EAE st BeARl 7|ES A8 A sl AlAe B3z XA E 20~30m o] o]t}

o] AsAY s =He AEHS AE % U]"’ok?& 88le o3 A=, HE JdE AgoA vE =
HE 50(kmh) 52 FHs= 582 AlF5AEl= 4.6mo|th(Korea Transport Safety Authority, 2022). wh2}
AR AT dEe AFER 0kmh)S T EEFH 2HYES HFo BH, gdA dAE = gREe
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