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Study on Applicability of Cloth Simulation Filtering Algorithm for Segmentation
of Ground Points from Drone LiDAR Point Clouds in Mountainous Areas

Seul Koo (" - Eon Taek Lim (2" - Yong Han Jung (®" - Jae Wook Suk (©)? - Seong Sam Kim (2?*

Abstract: Drone light detection and ranging (LiDAR) is a state-of-the-art surveying technology that
enables close investigation of the top of the mountain slope or the inaccessible slope, and is being used
for field surveys in mountainous terrain. To build topographic information using Drone LiDAR, a
preprocessing process is required to effectively separate ground and non-ground points from the acquired
point cloud. Therefore, in this study, the point group data of the mountain topography was acquired using
an aerial LIDAR mounted on a commercial drone, and the application and accuracy of the cloth
simulation filtering algorithm, one of the ground separation techniques, was verified. As a result of
applying the algorithm, the separation accuracy of the ground and the non-ground was 84.3%, and the
kappa coefficient was 0.71, and drone LiDAR data could be effectively used for landslide field surveys
in mountainous terrain.
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Fig. 2. Process of CSF (Source: Zhang et al., 2016).

- 829 -



Korean Journal of Remote Sensing, Vol. 39, No. 5-2, 2023

o
>
ot
H
[ I r

sl A o
%Hﬂm%%Qde
B A e

& groleh Ak}

rue, 7Pt 2 A] kAL
% Aejgict, ohal WA,
223} eto]ct
. AukA9l 2|H L

ZRE REEEEE

XL i o

il
oy, M
>~
>
R
o
lf o
rz o
HU J

M rlr

Aol @k A 2] = false

© F

32 9%t hee=0.5 mo]|t}. 7}

79 beels 22 A4 ol ekt 1B g of
Ao A= W2 ol AL & Qs o 2h2 ke A
S A A, heps WA 3 A7 AE A
2t o) Aol & oujstr, & =120l A= Zhang et al.
2016) Ao A ek 5Lt 27 Q] hep=0.3 m= 9] &3}
?}\E}(Zhaﬂg etal., 2010).

L

2.2, AT HBFH|
FHAGIA AT A= AL A2=AE H8l
202258 ERFTEFA LY S EYste] &8sk

=2 (DJI Matrice 300)¥} 33}7}vi| 2}
(Zenmuse P1), LIDAR(Zenmuse L1), t}5&33 7o 2f
(RedBdge ) 5-6] A142} 0|62 Qejat 5 9 4
I E 9o S 2315kar QI rh(Kim et al., 2022).

£ 9] TLo]| A= DJI Matrice 300 =23} Livox Avia LiIDAR
A7} E A= Zenmuse L1-S E-8-3}%1 T} Matrice 300

Fig. 3.

127°50°

O] 7|14 FHE 6.3 kg, T 17 m/s& a]fsgo] 7}&3}@
B YA 7He F|tf) 5550 & RTK 7]%5-& AMHE-SH 4

B (hovering) FE = 8 -4 £0.1mE ura}wq
LiDAR AllA 2] Z-4] ¥ 9] thlulalo] 74 X 450
m, "Jrf‘ﬂ}/\H 70190 m7}A] 27082 ek A7E
LoohE AT R AR EO E k] BE 2

T

o, LR A AFHAAA] 2|

]
[t
N

rlr

Hel
-0,

&£
o
2
ra
S
78
o
o,
=
p)
w
q
\,

rwgéﬁﬁﬁﬂL@ﬂnmucﬂ
24 A, A4 A A B
oz _7H 9] 2P| A B2 7] 25}31 Matrice 300
& sk BE Feh9co 3%
iqﬂﬂﬂﬂtiﬂﬂqiﬂﬁ&
A eholehube AHgsho] BAZALE A
92 o) ol 5ol 2o 7] £l do] s 4
Sich. 3k AHA) 9] Bl AR Ho] Bk A
wol thal 2 2Abeh A\ WskE et o7 91k
240] /158 2102 BeEr,

Al &

_1_4

2.3 17w o M
1=20] AT A AAEE oW EA A
o] wja @ 2 ololt. 2023 78 AEELR AT =

"

Gojeol N3

Gojeol N1

127°52°

Study area position and landslide occurrence section.

- 830 —



ae)7h SIS Tow YA
QFAAT Lo A= EE Felriuletol efolchS o] g5
of $3]X), B )Py 5 WA UAZAES A3,
A= A Are] whepo] g ko m e et
o S20] 97K o7} ol Fg HER QI
£ o]o] A, AR o] 35 Bawo] gk A7 o
ol ]9] F1HH] W $1e Fig, 33} 2.

B Aol A AT B AT K| 2] Akl 7]

AR i ol

[*]

aQ
(S8}

UL A2 A AL 27k b,
317 o] ZutA o] ZALS AA5H7] €8] DT Matrice 300
E 27} Livox Avia LIDAR A A 7} &4 & Zenmuse L1

Li
2 o) dotel £2 5% vlolc} ERIE 2ehES A
Selsith EAIE Fehe Ao AAe BY o2
statistical outlier removal (SOR) 57+ & E{E- 28510 g
ojtt YA| gloJglof] 7| =5 o] Yl BE WA e T
QA 952 2L © 7S AT B2 dolg

o) erd WS S AAAREHN ZAAE FeoE
B 5.0 SR A9 W3 Yt o] o4
RS EERE . SR MR DESE
ghA| ZA etk RI=1 (3 7fuk2 ﬁA} ST=True) ZF2.
2 TA3hI 2] 5 9] v A 4EGR, hep)el Th3)
GR=0.1, hep=0.2%5-F] T (doubling)a}o] ufj 7 31 4=
o 4 278 EEI9T.

Distance: 833.581m

Area: 130,551m"

Aotx

S EE 2t0|CHHIOIY HZ 22E /I CS

S

7
<4
2
K
i)
afy
i
olo
=2
i
ro
re
1

3.1. AAts MA2| Zot

A A 1 ARAE w3l AAF 2] W o]+= 130,551 m?,
Z10] 833.581 mo| ] T 2| A 633.033 m, 2|11 486.893
mz YA glo|g EOE Zaho T 2 240172947
otk HE AA = 544 &4 A ol=g7F £Agltt. g
olch YA| glo|E 9] -, mE HEAl gho] 7| F x| o] B
A EA|7F EAEHA] ghel et AU @F2 QIgh ok
2] o] (outlier) 7} AJ A T} whekA A5 3] A,
YA glojEof ZAsh= oF-elol & A A S35
Aed JRE 0|83t SOR FE| 5 #-&-519ict A b
ofEl o] A] 0.5%2] H|o|E] 7} of- 2] o] & 7h ] o] A A
= A EQE Ze}or 2~k 238978057 o]t} E3H
dlolE| o] FFA HHE 913 FRARR eto|th T4
2] & 72 RiSCAN PROZ 0]&35}0] LoJE Za}o
7ol o 22 10,528,505, H| A H-2

[k

152 018

o

3.2. Cloth Simulation Filtering 112
X|H ZE

& Ao A= CSF Fare| &S w7/ =S RI=1 (&

1 72 AL, ST=true) 2.2 143} GR=0.1,0.2,

0.4,0.8, 1.6, hep=02, 0.4, 0.8, 1.6 3.27} %] T| &2 5}0]

2 o] w745 =&AL SFQITh(Table 1). 71 A7}

A AR 3 A2 E UEh= GRO| 4508 m 0]

(b)
Fig. 4. LiDAR data: (a) point cloud of the study area and (b) Z score distribution.

- 831 —



Korean Journal of Remote Sensing, Vol. 39, No. 5-2, 2023

Table 1. Ground filtering results

GR hep Total (pts) Reference ground (pts) Filtered ground (pts) Filtered non-ground (pts)
0.1 0.2 23,897,805 10,528,505 18,933,388 4,964,417
0.2 0.4 18,933,388 10,528,505 17,213,328 1,720,060
0.4 0.8 17,213,328 10,528,505 14,094,245 3,119,083
0.8 1.6 14,094245 10,528,505 11,887,566 2,206,679
1.6 32 11,887,566 10,528,505 9,048,243 2,839,323

(@

(b)

()

Fig. 5. Non-ground LIDAR data: (a) GR=0.1, hcp=0.2, (b) GR=0.2, hcp=0.4, (¢) GR=0.4, hcp=0.8, and (d) GR=0.8, hcp=1.6.

el 7t A A A o Wsh= A ont08 A& aeste] 229 v HE RI=1, GR=08

m O]l A AHS HAH R ol 2{77H Y mh=lom= 2AH
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AR A vA s ZEshAon o] gro] F7F sho] A A H HES ERTE, WA Ao
Y48 AW AU OR Beshs 0F LT 843% kappa A4 0712 o] A= A= 5 Gl

(Fig. 5. Wk B QA0 A= 2| LEj o] ak4) 20) Al Wef e ATk LrERgThTable 2)

Table 2. Accuracy assessment
Total (pts) TP (pts) FP (pts) TN (pts) FN (pts) TPR PPV OA Kappa
14,0947.245 11,107,743 1,785917 779,823 420,762 0.96 0.86 0.84 0.71
TPR= TPY;PFN’ PPV= TPZPFP’ 04= TP+;£1]CIZ\\,[+ ™ K= OIA:p](Je()e)
TP: true positive, TN: true negative, FN: false negative, FP: false positive.
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