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ABSTRACT

This study verified the performance change of a LiDAR when it detects road signs, which are
potential cooperation targets for an autonomous vehicle. In particular, road signs of different colors
and materials were produced and tested in controlled rainfall on the real road environment. The NPC
and intensity were selected as the performance indicators, and a T-Test was used for comparison.
The study results show that the performance of LiDAR for the detection of road signs was reduced
with the increase of rainfall. The degradation of performance in retroreflective sheets was lesser than
painted road signs, but at the amount of 40 mm/h or more, the detection performance of
retroreflective sheets deteriorates to an extent that data cannot be collected. The performance level
of black paint was lower than that of other colors on a clear day. In addition, the white sheet was
most sensitively degraded with the increase in precipitation. These performance verification results
are expected to be utilized in the manufacturing of road facilities that improve the visibility of sensors
(© 2021. The Korea Institute of ~ in the future.
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I. A

rf

ARE 2030m| e 2} 4k WA A 20273 AA HxE SRAEFYAFE AFL3EATE F7H
g5 TESIATHKIm, 2020). HE0], BF = shdAEFRYAF AAdS fstd A&7y £, AFFA, A
YA S, AFHAAR AE&FY FE3E A dzetE T8I, 7] 471K dzetE F83) [71A] 2]
SluAt S ERL SR dlo|W EZ 1, hitps://blog.naver.com/mltmkr). ©] F AH&FH TZ Azl = A&
FPAFE AT AEEE B AE, AAE A EEANEEE 58 9nEhY, S ENEEE 219 AT
A S Zst A THKIm, 2020). o] 2§ &3t =82 TE AR HabA FREHL 9lon, A-eF

Aol 71 AAH E37F 7% DR o 4E= SA(Strategy analytcis)S] FAFEIV} LRE T Sl
A&7 e ATFE AAZRCE B2 Y T2 o|F A3 dTH(Jeon and Kim, 2021).

LT 22 AZeP = ALFHIE] AR, A, Ao Z2AA F AN AR Aes X Ys, Ak
o] A= P} AgFe] Aojo] 7|oqsh= HEE P GTH(Chan, 2021). o] AT HlAdE FEERE A
A A T4 AEFYAF] 71ed FAE Hole Hol AP Aok dE 2 A&F 71ed] HES &

Egdele gAML Q1] o F/E Q3 Al o] gk wAsigkor 2018 3€ W 3 ALFAI &
= AFE L QI Uberd] 2REYAE Bzt Wro] o] AFAILLE W7 stth old], ‘AH&F38 2
Jxepe A&FPatgo] g FHE & ¢ UEE JIzgE T3 A&FPAF AAE Adskes 7|&
MNs HXEZ 1A 9lon, 7|24 ek Al &4 A4S g ARJIA el JATHKICT, 2021).

A&7t gFoll = G2, Radar, 259 5 TS AlA7E S&EY, Ao AE&FY &S Feske AlA
+ LiDAR(Light Detection and ranging, ©]3} LIDAR)Z & 4 JTHLi and Ibanez-Guzman, 2020). LIDARE E}
Alx e vt 7142 EA0L A8 A o] 5k, offtdl® O AeS FAIBE ALE 4# A UTHTang et
al,, 2020). LIDART @A} 9] thro] A&F3apgkol] 285 o), FHEA Y AA e} AA Ao T3 Ao 9%
gof Fo &85 lon, FFHAVE HAlste mHoly AauAR e AX)3te BazsS A=
59 Exoz Ago] ¥ QUKL and Ibanez-Guzman, 2020).

o]213t A& AF2] LIDAR &-80] 7Mo% 1313 LIDARS A4S 2HE AT EHEL &
A doshe dneEe] A4S AR AANFIL P Roh ef al, 2020), ST EEANLE(EZEAY
e o R I Aes AET AlEle BA ¥tk B3, o8 F3dolA LiDARS Ad%5o] WY 93 Al A
oo 933 9d 21 k(Stock, 2018; Kutila et al., 2016; Gobervilleet al., 2020; Heinzler et al., 2019), ©]= AlEdo|A
< B3l o]z A} oy, AA| E2EANA 1 AlY] FHE AH3HH o] Rz A= =E

ojF% HAA EE 9F Fse= X}"Zﬁﬁi}%ﬂ 22 LIDARS] AdHE=E EAQIA A9 QIA4 5
71°4ekst Ao A A Ae At T2 ABHYA ASARE Tt FAHLE AN FHE golry|
itk o]y gk o] fr= AFEF %L%%}b LiDAR®] 71&7/)d HA7} AR ¢k al(Beraldin et al., 2010), %+
Az Aol oA XE T By ople} AsFHAE AA Y AT SE X}%%E‘iﬂi}agl
o2 s = Aol 917] wEo]t(eon and Kim, 2021). 1T B33 & L1DAR-/]
9} 71&o AL THITH, A T2 FAE SR WHEA A=
B =R [iDARY A%< @}ﬂhi 317 OM 7d on Zlo] &4 OIE} o]
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oF HA AgHE EABY A2 net PG, o|dd ATAIE LDAR SEEARS AN T
me] 45 FWRr oheh LiDAR AAe] S4E st & suzzi G, WA AYe AT B2
EAH Aze] B89 Zo] St

I. Agd+HE

2 Ao detd o s 9exl LiDARS 2l¢t LiDARS] 545 &3t LIDAR A5H59 BdAH
kAo thate] =2]3tuAl 3t} LIDAR 71&S GNSS 7]1&o] 4-83td 1990t olgl2 F43 2He

o]#3t}y. 7] LIDARE &3ZF TolA @o] AFEEATHGuan et al, 2016). 2% 3tE Mobile LIDARE
Airborn or Terrestrial LiDARS} 79| L3 7|&o|Aw e 7|7t F<¢F w2 1bHS o] £ TtHLavarone,
2007). LIDARE 3 2141 t1 4 €] 760nm~1900nm 7 (wave Length)®] #|o]| A& ZAMStA, 9172+ ¥4 (Phase
Shift)¥} TOF(Time of Flight, |3} TOF) 4|22 EAE ©xsty, HToE A $27) w2y &4 949
Ao dao] HL& TOF W4jo] Koz &8 HTH(Chen et al, 2021).

AEFPAFS LDARSY AHES EAYA, &/, 74, 449 3o Z83t1 QUTHLi and Ibanez-
Guzman, 2020). A2 AEFAXFLE =& AAANE A Yl A EA < Ez‘sgz} /\liE’ Z
21 59 ARES dEd LiDARY 2313 910, LIDARE A&Fq oA 42 AR st
O™ (Tang et al., 2020), AE3= FH1o] AE&FYPAFo 2 Hrlgtes 729 fo|L= LIDARE E4EA
59| Ao &-&3d(Jeon and Kim, 2021).

LiDARY] 8 452 Eye safety, Accuracy, Field-of-view, Data rate, Scan Frequency and RangeZ &+ 3tt}
(Chen et al., 2021). ©]2]3 A5 LiDAR Full Ao AEASHdE Aol TI)F AT, AAZ A-&F3Y37F2
T3 A= Aol AUZ #I =R FET 5 gtk o] 28 2 2= Frequency and Range$} Field of view
7]. l_-zg_/[:i UJ—Q 7(432 3\_7}]@ _/[: 5{101 /\‘?ﬂ]_,_i"]'-/] 7(4EE. _%,]E—g—}l:q] B.o]—g—}q.(Lee and Lee, 2010) uJ-
& AE&FYPAFo] &85 = 64 channel ©]7de] TAMY LIDAR A|F2 o|2H 08 FP&5 itE HAH T
o] FEFS WA etk 3L LiDARY 75 F EAY AgSA A5 EAY A&FqarFA ATt
IVHEFE Ao f8] 8 THKICT, 2021). LIDARE #o]A "7t Ao HhalEo] BoloE A8 &836}7)
of B4 RIAPAS =AY A gl Ao ks wrom, EAO] AZo] T wf B} Wil i, Teji
AR 28 AFYSFE 2 AA %S HATHDannheim et al., 2014).

°]# ¢ LiDARS] A5 52 AAEEZ8 & F3Y3H= LIDAR 7|5ke] 2A-&FAFS A o fojs) ok
= AEE FdET AN AFH LiDARY A5 AlEd oA, A4 (Lab Test) 718k A3} 52 o] &7
EY B A=A e A5 Al BA gtk tiFE9] AedFS EANA S A J
ol glom, st EAE Udd EEAEE BHuhe dAle AT A JFEo Q1A A4
2 ATk ol2ldk Yl LiDAR 7|&9 HAt A @& o] fiEnt ofye} A-&F8 7]&o| o
| & 71€] BARE ASFPAF Ao 37 A&FHAF ALHA ] VEerEs I

AL =2 7+557] wjEo]th(Jeon and Kim, 2021).
°]¥ % LIDARE A&Fdage] HE 348 BAS T3t a1, AgFYagFe] hds FH<S 28t
o Qg Tkt ARE AF3tal ATHLi and Ibanez-Guzman, 2020). & o= A-&Fx1eFe] F3YobAA]
< Fol7] Hg AlA I §VIEe] ALEHI o, LIDARE F73AlA 9 §ate] &8ate }fﬂl % }
33 UTHLee and Lee, 2010). 53] 943} LiDAR9S] 682 IS dEo g 883 799
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o] $3 o=z L}E}wD}(Stock, 2018).

we o $4, oW, w3 2 71448l LiDARS] A5AEE AF3t o (Goberville et al,
2020; Heinzler et al., 2019; Vargas Rivero et al., 2020; Goodin et al., 2019), L1DAR«] SHA A= T
2714 @] itk AR, 3 Al B4l HAkE o] Eole = #o|A ) Bl RUE A ol oA X
QIE 9] 7H<*(Numbers of Point Cloud, |3} NPC)7} AtfZ 02 FolE= FA7E gloH, 24, EA471 ofd ¥
=0l FElsA Eolew HolAR et EA|ete] AT} BoAe ddeltt. Aol el LiDARS
HAd4 A7 (Max Range), NPC 2] 3 Obstacle Detection Range”} 7+AadS A& o|AS F3l AAE A=
AthKutila et al., 2016). 1t oj2} A Fapgol| A A-&FPxFo] Z2tE LIDARE RYPAE A5 H|
2EE Fstd, 931 Aol A o] AzstA AstEe A5 ARIE UTHTang et al, 2020). 785 of
Yk et = 59 dEelAE —rxd A&} 523k o] & As o] A3k H™(Roh and Im, 2020), AH-&F3YAbF
Az AE7VES R 3 AEZAPNA AgFaatFo] T3 A ojgg-s dof 7319 F3H 43S
A& A3 713 HER dgo] 2453 FElojof st EokR SHEUTHRoh and Im, 2020).

TAIZY] AAEE AEEE o 2ok A, LiDARE @A A&FPAEFY WS FEI §lo
tefetA 2851 Utk =4, LIDARE 7]<7lEe] 543 o|Fo7l o|fZ A =287 o4 LiDARS] 4
T A4S AV B4 (o =3, S AHEIE B4 Q149 AEA FE o]FoiHA £3H b
o ETE HolHE &8 4 dugEY A FF5E Utk AA, LiDARE HAstE =49 A
7z AT A Ao 3, W T A e ol Aol AstEE EAHo] dv AOE 4 A °l
o A EEFEAT 5o ERALES AR EAS 8013 Algle ¥R ¢th LIDARY} EA A&
g A EA Fi&, B4 F4, 24 g 2l < @33 AL v Fo R "J%X]J‘J-
o} Eo] A% AA Bag AVIE AGEY, 53] ALFAPAFS Adste EEAAE NS
e

e Z2FAT 5o ZEALES LDARS 45 ATdhe A2 AHH R o] Fofxjo} qitt

< EEANEE T 52 3AR EEHE AJES} AR A mE et o
obE G, e A EIF B2 A ofgA Gt A FelEiit

1) HIAE &4

AAEZRAS FAR A5 dleted 71de
AE o] ARFYRAA H2E 3
o, 600m ©)A4te AM =2
3 2= 9= J)AAH AZAu T AXE
LiDAR Hl°o]E #H5o] 7}ssith

E @RA471 %979 AHSOCHFAT
e FoE T4HlY
43e ARsD =
i, HA =287 oA Aes1gel Wael hE 48

r:
o
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Vol.20 No.6(2021. 12) The Journal of The Korea Institute of Intelligent Transport Systems 231



]
=

3 7|4k Aol w2 LIDARS Ms#Hat o

1l

E2AdEel A

& “100m, 7-F-7F Omm(Clear), WA FJE =2 A 0] 17§¢] Alye]eolH, ad F& Fal 4 Auzle
7F sy SA AT

<Table 1> Test Scenario

Factor Variable Test Scenario
Environmental Distance (m) 100 | 80 [ 60 [ 40 [ 20
Factor Rainfall (mm/h) 0 (Clear) 10 20 30 40 50
Target Factor Paint Steel(unpainted) White Black Red Green Yellow
(Color) Retroreflective sheet White ‘ Red ‘ Green ‘ Yellow
2. 4SXIE 9

B H2E A AFAQ] A2 LDARY 45E £43817] 91t 283 AE= NPC(Numbers of Point
Cloud)$} Intensity©] ™. NPCi= LiDAROIA 4kl F Target Objecto]l WEALZ} F]©] LIDAR ReceiverZ E0}-2
oA H9] & 9n|3lith LIDAR Tlo|HE o] &3 AA A= 37 7153 44 75 o]des =
JE Feurt ASEE 484 FlEnh webA, NPCr/t Be75 XRIE 959 w337t frelst
™, Target Object®] F&-& AoatA wofd = ok & AFolAe ofgiel 22 54 & Hit NPCE 4

A %2 &gt

NPCaq,v(jrag(j — T .................................................................................................................. (1)
where,
NPC, taverage NPC

average

© D —

P, :number of Point Clouds in i measurement
n :number of measurement

Intensity= LIDARZHE] W4te glo]xE o] F= tin] WAlE o] Eol2 Z1=9] H|Eo|t}. LiDAR 19| A

ZAAl wet o= 4 9lon), B AoA 283 Robosense Rs-LIDAR-32 AH|E= 0255 HAZE F27F AAH
t}. Intensity %] 0-& LIDAR 574140l HhALE]o] Fol o)A F2v} glths A& 9]k, 255 Tate #o]
A7F A RAES-S ofu]gith AREH O F 0~100 Ato]o] X URMAQl A EHA BIALE o] Eolow
glo]A "o Zxolr, 1008 dol7he FAE B2 WHAEE 71 EAdA ERldth 2555 tiAlZ A ARMAL

Ao 4] ER1 == ot} LIDAR Intensity= ZARHE =49 2AZY, W9, 9 A4, 42, A7), F& Sl
ue} AJold 4 9lom, thekd Mgk o= Qlete] YA FAE UERA %7] wiie] AuA FAETE A
ARl A7} fraEsith B Aol ofeie 22 AT B Intensitys SHARE L83 Th

k
D1,
n=1
]wemye = T )
where,
Iam,dga raverage Intensity

I : Itensity of n'" Point Cloud
k: number of Point Cloud
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1. M0 2 X|E H3

1) 4SX|E NPC
NPCE LiDAR®| E47% Ao &5 FAR, GAEAL Aulete] Ayt Hojd4s 1 A7 2
adkE EA0] Stk wEtA 7] AYIEFEE B 9 4943 did NeCE JAS A2 vl
1A Age] & NPC 2| & Hlwste] B Ag|F7tel] meh NPC7F adhe 542 B8 f300A U
el 2571 9ls A8l A 20m Al EAlo)A 307) ool NPC7F #Z=H whE, 40moll A= 107 wRh
60mol A= 67) vk Eo 2 HAFo| HAasAh o]FolA HAAANLE 2 AA ) Hls) Azl Feko] 7
Al 40m FHEE Ax7F el AgrE oA E tE A eke] AR Ael7t UE FUFeEA
A% NPCE Ad oz Exeke] A7t g2 490l Boh 2 FA3A7 de AoE YEgon,
60m °]’F o & A7t HARAH o|n] A F7tel wel NPC7F AT o] oA, 73-9-9 G vl AL
EE5S Btk o3 Ao STkl & NPCo Zae tiiiEe] A 73 AR A A EI
O, o]FNME HAAHMLE B3] & ZoF A EgS Btk Wi, TS 1A o8 73 -9(Steel) H]
WA o] dao] Hol thE =R gl Frage] AAY, Wt fle EESs B
5 AEo] YASHA FAFHAE LEAUT o

=2
=S
rlu
e
rE
L
rir
rE
Lo
fo
ok
o
)
olN

L AP0 A4 el B4 QRS BB A o} ek Znz saanh,

2) MSX[E Intensity

Intensity 53+ NPC9} HlmA] AiF o2 Ao AA dFs we AXZE, 744 #UE &=
™ 40~80m TXHAAAE B 100 oS HAFI, 100mol A= 50 o)) #2& Hola Tt
Z-8% LIDAR A9 AZEdols dAAY ollolA FH HolHY Intensity T35 H
20m Aol A= 20~40 A= IntensityS B 23|28 @2 FA& Bt & A3 2 AN
%% MALETE ko) o]gidk EAJo] whyE o] B2 8o A= Intensity] HeFFkol 50 WEE e}
2 Ao w3 W e 58S HAth

Aol o dFS AHEY, ATt 2 EEE A2 HAAR Intensity 5| 3] HAEHE A
o2 Yepdth 73] 1 step® (10mmyh) 713l whe} Intensity 747} BZEH, 40m~100m 722 £
of A E 40~70 FFL2 S HEHE B W, 20m Al E ojBt ¥& 10 o3t X =2 41
e HES Btk 2AGHA] ¢k H(Steel) TFE Ao B3] 790l WE Intensity ZH47F 28 #Hol9]
o, ol21g Y-S 40m~60m TrollA Hoh FE5HA #SEH AT

EAAAE Intensity T3] GA A STl whet AXH sheE Bola glou, old TAFAlE ¢
AatA JErA = 99kom, NPCol A eF w7 tA = BlikEo] & dASHA glolAd e s FAE
ool Yehes o2 sjxdn

e
g Mo
4
2 o
of
ok

o
ol
-
K

—;L—lgg
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<Fig. 1> Average NPC, Intensity of Paints by Distance and Rainfall
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AAE Tt B, Intensity A= 80m ool M= Hlw A waprh Aol A o7k dF2 AL A
o7 yehgon, AL g A nlg) 53] @2 SA4e E"j] A= A2 Al A o] obd tE Al
g83k= Zo] Intensity 7*] FHol Ef0] FH= ASE YT

3) ek mE MsX|=E HHst 24y

AEF St U}E NPC9} Intensity 7447} BAAO R 4937 rtestS 53l Eletgth H2EE 2
71?4?7&%, ZF EAEE Tt Qe 4B O0mm 7 A9 SAAAE Blusks WA oE ST

g3k 75 20m9} 40m "H& TSR], 60m ©17de] 79 NPCe BT AL 57/ FFo=
Zraste] Z4g-ol W ATt v welEkely] wEe] Al9)stah

WA, NPCo| AFE A3 B H(Table 2) 30mm 7HAE EAZA 2 #2]3 NPC ZH4AE Hole =4 {30
Az F7kehe 38 dE Bt 20m A FrelA = 30mm o) A Aol thEEe] =AY f3o]
ot ZFAE Bl W, 40m A FNAME SAFALE FsAE ¥e F¥o] B} B o F EA4E
Atk 53] 40m 729 50mm 74 SN = 22 2ATE Fostglon ol & EAFEE 539
S0 2 3l 5AA

B0 BT $EOE NPC WAl Aadte] oleF At mEHI
o3

<Table 2> T-Test results for NPC of Paints by Rainfall

5 10mm/h 20mm/h 30mm/h 40mm/h 50mm/h
Variable ~ Omm/h
mean  t value mean  t value mean t value mean  t value mean t value
Black 346 163 2.37 7.0 6.14 ** 33 1243 ** 1.0 16.36 ** 1.0 -

Blue 374 23.0 - 225 4.61 **  20.7 234 1.7 6.18 **  27.0 -
Green  32.6 250 - 235 1.72 133 270 ** 83 477 ** 93 2.61 *
20m Red 35.8 28.5 3.55 **  26.8 1.87 18.0 346 ** 6.0 828 ** 53 7.85 **
Steel 349 28.6 1.45 28.0 1.52 223 2.60 ** 214 228 **  20.1 2.62 **
White 364 17.0 2.40 12.0 6.07 ** 143 4.39 ** 113 5.50 ** 8.7 5.15 **
Yellow 348 36.0 -047 283 1.46 16.8 3.08 ** 3.0 1293 ** 9.0 4.24 **
Black 79 105 -1.39 3.8 225 2.0 7.39 ** 15 10.31 ** 2.0 -
Blue 9.1 4.0 - 5.8 226 * 6.5 234 * 37 294 * 1.0 -
Green 99 50 - 6.5 322 ** 63 5.65 ** 33 5.02 ** 2.0 63.00 **
40m Red 9.5 55 2.80 ** 8.8 0.64 7.0 2.07 * 4.7 244 - -
Steel 9.3 8.1 0.93 10.1 -0.59 7.1 2.05 * 9.6 -0.30 9.1 0.12
White 103 11.0 -0.39 7.8 1.38 6.0 2.72 35 2.68 4.0 -
Yellow 9.0 5.5 334 ** 83 0.57 7.8 0.81 4.7 1.98 - -

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

EA fEEZE B SR B2 40me] BE A3
L He AL 30mln°1wUP 9370 A 7.170E 2270 fOLI
20m A oAE 20mmE-E 40mm 7HA] EF A S

AommeolA] BAHOZ frold FHILE BT Ta ::h

fm
-9
X
%
_>|L
S
=y
B
1o
)
Y
O
;5
O
ﬂ
bt
&
_0|L
B
&2

a7t FoA YERT JE"‘; oA TAaL
o3t FALAE BY O, 40m Ao A= 30mm,
Al & AZo] FAE FAE Ak A 2

12 :10
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10707 5ke] NPC7F S = o] F&0] & A SA0] 943 o & 93 e 25 BIth
ol wAY AF Y A9 o] EAof whel SALETE & A7 Bk 2 AlA AIQIAS 7R 9
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<Table 3> T-Test results for Intensity of Paints by Rainfall

10mm/h 20mm/h 30mm/h 40mm/h 50mm/h

Variable  Omm/h
mean t value mean t value mean t value mean t value mean t value

Black 126 6.6 1714 " 5.1 15657 58 13277 44 10937 32 -
Blue 339 245 6337 201 12637 77 3009 " 50 39317 62 35.76
Green 23.8 27.0 -1.13 237 0.03 8.8 1887 57 2707 64 27.50
20m Red 335 143 20917 208 1343 48 47427 39 50.76 35 4934
Steel 305 193 11457 132 202" 16 3680 © 149 19477 87 2998
White ~ 43.9 40.0 1.66 125 16777 104 2106 5.7 7069 73 55.62
Yellow 32.1 17.7 13.06 © 248 5777 170 26557 48 3554 47 36.65

Black 452 57.5 -1.48 485 031 63.7 -148 315 3597 492 020
Blue 1627 782 473" 66.7 1680 © 644 2025 " 688 10337 307 -
Green 1056 740 3.06 1003 0.81 74.8 5137 530 757" 339 2332
40m Red 1772 615 1888 " 612 2080 © 404 31257 316 36.97 ™ - -
Steel 1349 1556  -5.10" 1400  -1.19 69.2 11.84 " 913 7.68 " 100.0 531"
White 1502 140.9 2377 597 1700 © 445 19417  29.1 5444 356 1741
Yellow 1426 1044 5637 1068 7467 478 22347 402 2757 - -
**% . statistically significant at 95%
* : statistically significant at 90%

wk

2. MFEARX] Makof mE X[E B

1) MSX|E NPC

NPC2| 7% H]7-9-43 7|2 20m F ol A= 3570, 40moll A= 1070, 60m o] ol 57 =202 A7
AL FIRIE TAlo] & ApolE HolA] gk, AFrtel wE 723 ATt 7P AA UET

AT HRIE =Ao] 7390 wetA NPC7} A 4% A7E Bl A3 2] AAWAA| o A= NPC
7} &SR AY FHAaFol wng EAE BAth ol AFATHARAIY AR (retroreflector) 7} Hl-F- -2
HRALES Hof O] #o]HEAE LIDAR AR HE Ry o] 7Hedt ddolth e, b
AARARA = 7399 FgFe] muge v, A AR = 20m Aol A BIARe el A 3078 o)
SAET NPC7} 249743l 107] olst ?%zi oA & 5 Aol o3 543 stk B

|
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<Fig. 2> Average NPC, Intensity of Retrorelfective sheets by Distance and Rainfall
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<Table 4> T-Test results for NPC of Retroreflective sheets by Rainfall

. 10mm 20mm 30mm 40mm 50mm
Variable Omm
mean t value mean t valuee mean t value mean t value mean t value
Blue 38.3 38.0 - 35.5 1.05 29.5 1.02 29.8 2627 383 0.00
Green 38.0 320 - 343 1.86 370 0.34 39.3 -0.35 41.0 232"

20m  Red 36.4 45 2157 410  -150 420 2007 328 0.78 370  -0.15
White  36.8 11.0 848" 88 490" 37 1480~ 73 1081 50 744 "

Yellow 354 418 2037 408  -147 923 2167 325 0.46 34.8 0.15

Blue 114 9.0 - 7.8 1.72 10.0 0.64 83 2347 90 144

Green 134 9.0 - 8.3 235" 100 194 95 2677 103 1.58

40m  Red 11.0 9.0 4387 93 2657 100 0.98 6.8 3547 100 1.19
White 112 9.0 0.80 5.5 646" 47 1769 © 40 582" 27 2312

Yellow 109 8.3 3457 95 1.26 113 033 5.8 246" 938 0.71

** . statistically significant at 95%
* . statistically significant at 90%
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<Table 5> T-Test results for Intensity of Retroreflective sheets by Rainfall

10mm 20mm 30mm 40mm 50mm
mean t value mean t value mean t value mean t value mean @t value

Variable Omm

Blue 2549 2288 287 7 2111 613 7 164.8 98 © 1341 1300 7 1658 1028
Green 2550 2172 324 7 2163 555 ° 1957 799 © 193.1 896 1986 7.49
20m  Red 2525 2009 681 ° 2363 356 7 1645 1105 7 1066 1634 T 1431 1235

White 2548 413 3086 © 375 18.01 127 7177 57 48052 170  76.16
Yellow 2542  208.6 641 " 2293 475 7 1666 1065 7 1059 1657 © 1493  11.17 °
Blue 2542 2352 189 © 2196 3.00 7 2126 384 © 2348 1.72 © 2151 301 °
Green 2549 2387 185 2261 313 7 1997 397 7 2417 163 2120 351 °
40m Red 2499 2273 1.88 * 2474 046  207.0 298 1921 323 7 1913 499 *

White 2512 1983 523 7 523 27.12 © 332 63.17 385 6631 ~ 396 23.08

* *

Yellow 2512 2282 1.80 237.6 1.51 191.9 4.16 208.7 2.55 2215 2.90
** . statistically significant at 95%
* . statistically significant at 90%
v.4a &
2 =% 542 LiDARY Ao AAER SAdA AFshe Aotk Aeidse] e A= A8
He Law Data®! NPC(Numbers of Point

TEFAHY, H5HTY 843 AR LiDARVE At 718
Cloud) 9} Intensity©]th. A& =& Edo] FH|Ho] Qe I147|&ATLY
< SAE H2EES ST HHEAQ] HAES F3le] E2AMEE &85 HRIE =43 A AN
AR ] A 7Zkel| whebA] LIDAR AlA 9] AA S A7 slete s @5 3t9on, 2% 4%l & A
As AE 430 FAHSE FH3IATH

ATA, HJE =L AATAA tiv] AR Intensity 7} SEA] SAFH AL o]H 3 42] z1o] 7} H]
735 3gol A NPC HAa7bA] oo A= ekyth WHH, 9743 AE AAVMAIAE Intensity 2] o=
B33 NPC A7 FAHAY aZo] AUAT HAJE =M s vatze] 2 313} 374 NpC o
Al BAHOE Fo3 a7 BEEHAT F, A9t gle AEddA s HRIE ZA 0 AARALA o] HAA
ol glof 2 Abol7k YA gl AANAAIE AHESHE Zlo] LIDAR AlA 9] AJQIA Aate] B
ot Aggto] HEAT o, A AATARA = FFZolA w9 F AFAR AT BSE A4 & 1
Aol F=o7t aHnk S AATALA| 9 o] B B AFlA = 4 %ﬂr w35l osfiA A=
U O 49l FHEA ol 34 A7 Basith 53] AR A Fzo wet ¥ sHe
EREHY & AFAE ERT AA shunrs &8st o]y At J&éﬂﬁia 7¥s7de] Aol F3o

l‘_&

A AZAE A 79

T

l

T g% Zlog wodrc
AE&F AE3E A% e T AT T2 JAZEbs Al EIE F9 B A=z o= gE2A )
5—9| ‘:iﬁ’} S2ZAAE A A N A Uz golof dt= Ak As

= eAAe] 40| e AN A&FARTEL
2 B 9N QU SR AeFAAGe] BAE FPA =
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