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Characteristics of Airborne Lidar Data and Ground Points Separation in Forested Area

Jong-suk Yoon ' Kyu-Sung Lee, Jung-il Shin, and Choong-Shik Woo

Department of Geoinformatic Engineering, Inha University

Abstract : Lidar point clouds provide three dimensional information of terrain surface and have a
great advantage to generate precise digital elevation model (DEM), particularly over forested area
where some laser signals are transmitted to vegetation canopy and reflected from the bare ground. This
study initially investigates the characteristics of lidar-derived height information as related to vertical
structure of forest stands. Then, we propose a new filtering method to separate ground points from
Lidar point clouds, which is a prerequisite process both to generate DEM surface and to extract
biophysical information of forest stands. Laser points clouds over the forest stands in central Korea
show that the vertical distribution of laser points greatly varies by the stand characteristics. Based on the
characteristics, the proposed filtering method processes first and last returns simultaneously without
setting any threshold value. The ground points separated by the proposed method are used to generate
digital elevation model, furthermore, the result provides the possibilities to extract other biophysical
characteristics of forest.

Key Words : Lidar, filtering, forest, stand structure, multiple returns, DEM.

22 : Lidare 8% &2 TUES AR ATT22H 237t tiet 33bed JUE Asdict,
53], A g2 *4*3 Zl°ﬂ°ﬂ 1% I°l7<1 AB7} F3tEof 2ol A H}*}Hb 2RI} 71 FEER Aol
E =2 Ao gol3ttt. o] dTofMe 2 Yt SRR A
I E4 % xuq 27 s H%‘X}ﬂﬂﬁié & ¥ FANEAR
HAES Bejste iE Agetna) gtk Lidar AR 2314
EL #%94 %EH Soll whet G ol wow, o3k Aol viet

W= Lidar A9 %‘é% 01%3}04 Agre Ay £ e 27 #A4EFirst return: FR) 2 271

w2ld AEHE o)§3t] pALEEDE A2
RO 015 7]%9—§ e S8 AEI} He a3, 2UEHE 5o 45 YETH QAE Bt

20061 9€ 26 < ; 20064 129 229 44,
¥ BAAR}: 84 2s_yjs@inha.ac kr, yjs91 @hanmail.net)

-533-



Korean Journal of Remote Sensing, Vol.22, No.6, 2006
LA 2

Lidar t&+ 32+ 213370l tigt st e
7Fwe AEE AT E ohzh A 22 440
[e]

At AGelA oA 437t suS=
Ao A BrALEE B4 Bk ofd S 4
2]

o e AFse, 9x44le] Gato] Al EsHe 7
2 BT 0|99 AHe) Batet 2224 FA o] T

RE ATFON 1 T 77 BTt B3 A
Ayepst Bopol A Lidar AHR0] $4-8 431 Y&
FuAAY 2e Ba)H QNS 25

@A A|50} 2 AP 247} of

g FEdte 9 S0l 2| Uy

o,

X

ox

o ol o o
xo

2 Moy
S
e
o
A,

o
2
o
N S
o

I

o
@ 1

a

A

of

12 ©

R}
o R
)

s

12 AA ARE FEdhed 8% A
Lidar®] FR¥} LRo] #2l= ] 7| &&=
st} &34 "o, Ags =18 &3}
Adire Bt A% JErt vigto] Hof su g,
AegE|ojof & 1142 ofg] Xiglof A o)A
7123l Lidar AR AEst Ay FRE
Blduie gojct FHE Tt tiF 1ERR &
etA FAEE Lidar AR 2E-T} B HYS
Eslule A+ EH (fltering)olgt E2H, o
A o] oiekst A WHES ARoln A4y
o] gt} 20029 ISPRS Commission II working
group 3(http://enterprise Ir.tudelft.nl/frs/isprs/
filtertest/)oll A= 2 BE| g HPiE9 =& H55t
7] $I3t 549 87 2|99 gtoct ARE ATt
™, 20034 ©] ARF o]-§3te 8719 He Y WHES
waste] 4BwS AZs A (Sithole and
Vosselman, 2003)F &3t} 20049 0= $joflA
AAG 871 A9E AEstA Algo] Eeaid HE
AZA 2 (reference data)E2A 870 A WollA 157)
siteol] T A1HA € HAHYLS 223 AEE LR
SFHTHISPRS, 2004). o] AFARE IA ®AXY
(urban area)dt H)EAIX|S(rural area) &=, 7+ A|Y
ofth X7 £ ozt LTt Shao and Chen
(2004)2 HIZHHYL FHo] AHHR ke A4S
0|83t morpholoéy operation W& AABIE o,

)

)

e 2ok
N

+
1
rir

Im
oX,
tllo

o]

%

7

N

d

H

~

L A
folr 101
Ui

A

{

I 29
o |o

|

ojo] thet A ISPRSOIA A|Fdl= A5 ARE
&8t Ag=g HFoaA.

o] =] 4 AR 2 E FE3h=1) Lidar A
RE AFH08 B3] flgte, WA, £F 4 U5
Yrof wpgt YehE Lidar A28 422 21 54
= AW B3 A4 ARE FEsled g4 847
© PR FAS Aot g AHY 2 o
Holl lojA &) e ohE, % A JRE
&8s B3| AAsitta AgtEs WS AAlsk
A} gt

HEol gy e Lidard] AREE 2219
AAE Aujdste] olFAE o3t Alske M
o)A Kilian 9, 1996; Zhang 9, 2003), AHA
oA B} 7| el A7} B Ao W= LRT
£ olgslt}, o] dFE Lidard YRR (point clouds)
£ AHH R AYstv, FRI LRE 3 ol83tH
FRoA XHA 0]9]9 thdZollA] WAt 24l = R
£ ol g2 dAA] A4S 13E 5] Yethe
A& 7 Yok, E, A AHY NFH 52 F
o wet Lidar A29] AHAE Esk=d]
Yejglo] HEEle F24e 277 g2pAA °
o] A7l 10m X 10mel 71& 5= 100 ~ 1507}
HRE o2 2dyo] Eajgr) o)H3 Ar9)

UAget g7l 71EEHE Lidar &9 37H
EAZ o] 83kt SE8 AR Y Folekil & 4 Al
aBE AAlsks Wl digh HeE A2 WAL
Lidar AR¢] Hrof watd HE 7hasich, 3t
Lidar 215.9] =41 B4 S04 $h9) 2415 8o FR
I LRE FE 7]E0| H& ‘Singular Return’ (SR)
(Moffiet 9], 2005) AEE £elsto] e HE 2L
02 M A A7l thet A8/dE eyt

2
x
e o

d
At

y o ©Loxe N
rose

d

w3
of e w2 A7l AA) B 4
g2 20-304148 4-Bo] Hol 437} 15m o4} 20,

-534-



Characteristics of Aitborne Lidar Dara and Ground Points Separation in Forested Area

30moll o]2& A4BL 4T Yt Lidar A= Hol W40 AL, oo Ago] et CCDAEANA
OptechAtS) ALTM 30708 of43le] 2004 4% 28 ol ofn} Lo} 9l AL 21 E 4 9lnk 17 1 ()]
o Fasen ALTM 4K02 HAg Z2l3F30CD A R At AL 170m X 122m @E,e. TR A
FAE T F98HA) Lidar A8 &Y IR oF d AGLR Yol 2 FAst0], T4 1A o}
1, 500mo} il HYFE 2.5~2.55 point/m?olc}, A o8 FhFE 3l 7hsstct () Sﬂ iR a4t

ARE Edehs EAS A Lidar A& 949 AGe 28 23 200m ¥ 200m BE FHe Ao
734 G GAshe Yol e A7) 9 A AR 2 A7 SRR Exfste HAE AP F3 A
gep ALA IS @A H o} drAEE fEht golct, 1% 19 (o= A WA A7 Yol sjdah= &
gho] 24 xjojol A 49 ol FEH BoRH o] A7 724 Lidar ¥AR 24, FRY LRo} THER EAs}
of APA|FolA AEFI $HEhe EdeY L o} I e Ag BojEn (oM FRS 2 489 a3
o) BAER} S-S Zhet CCD Aol Bhel g 4 oA WA}z Eo] Hof [RE $3 Y HEo} xjHo
olon], HH;olAT Aol Un A= Fgso) EAS A WA AL Bl BAE A B 4 Qloh

(b)

d 24343
I e PR 2‘34‘:,‘34,2434¢243‘?

%
x10 M X %13 1

©
Fig. 1. Study site 1(a), study site 2 (b), Lidar point clouds over a part of the study site 1 of dense coniferous forest (c).
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Table 1. Stand characteristics of forest sample plots.
Stand Species Age (yr) | Height(m) | DBH (cm) | Canopy closure(%) Remarks
A Korean pine 20 15 18 90 No thinning
B Korean pine 30 16 30 50 Thinning
C Larch 25 20 25 60 Medium understory
D Korean pine, larch 30 27 25 80
E Chestnut 30 12 20 80 Leaf-off thick branches
F Mixed deciduous 20 i1 10 80
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Fig. 2. Vertical distribution of Lidar point clouds over forest stands.
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Second separation

Ground points Non-ground

Fig. 3. Conceptual workflow of the proposed ground separation
algorithm.
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~ Table 2. The results after ground points separation for two study sites.

Study area | Total# | Firstreturn | Last return | Pure first

Singular return| Pure last | Canopy class | Ground class | Non-ground

1 50,574 38,593 38,589 11,985

26,608 11,981 32,066 13,613 36,961

2 85,736 72,632 72,598 13,138

59,594 13,104 40,675 32,992 52,744

Fig. 8. The results of study area 1 (a) separated ground points, (b} hill-shading digital elevation model (DEM), (c) overlaid

DEM with separated ground points
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Fig. 9. The results of study area 2 (a) separated ground points, {b) hill-shading digital elevation model (DEM), (c) overlaid

DEM with separated ground points.
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