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3D based Classification of Urban Area using Height and Density

Information of LiDAR
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ABSTRACT : LiDAR, unlike satellite imagery and aerial photographs, which provides irregularly
distributed three-dimensional coordinates of ground surface, enables three-dimensional modeling.
In this study, urban area was classified based on 3D information collected by LiDAR.
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Morphological and spatial properties are determined by the ratio of ground and non-ground point
that are estimated with the number of ground reflected point data of LiDAR raw data. With this
information, the residential and forest area could be classified in terms of height and density of
trees. The intensity of the signal is distinguished by a statistical method, Jenk’s Natural Break.
Vegetative area (high or low density) and non-vegetative area (high or low density) are classified

with reflective ratio of ground surface.
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[Figure 1] Geographic location of the study area
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<Table 1> Classification category by Density
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GRR density classification

Non-vegetation area

Vegetation area

1 High density

High density

2 Medium density

Medium density

Low density or Bare ground

Low density or Grassland

<Table 2> Classification category by height

Height Non-vegetation .area Vegetation area
1 High High building Tall tree
{Over 30m(10th floor)) {Over 9m)
. Medium buildin, Medium tree
2 Medium (9~30m(3rd~10th ﬂgoor) (3~9m)
3 Low Low building or Bare ground Shrub or Grassland
{Under 9m(3rd floor)) (Under 3m)
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<Table 3> Detailed classification category by height and density

or bare ground

Height Density Non-vegetation area Vepetation area
11 High density area High density area
in high building in tall tree
1 12 Medium density area Medium density area
High in high building in tall tree
13 Low density area Low density area
in high building in tall tree
High density area High density area
2-1 . . s . .
in medium building in medium tree
2 92 Medium density area Medium density area
Medium - in medium building in medium tree
Low density area Low density area
2-3 . . . . .
in medium building in medium tree
31 High density area High density area
) in low building in shrub
Medium density area Medium density area
3 32 in low building in shrub
Low £ §
Low density area Low density area
33 in low building in shrub

or grassland
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Il Hich density area in tall tree I Hich density area in shrub

#

[T ] Medium density area in tall tree i Medium density area in shrub

[ Low density area in tall tree [1 Low density area in shrub or grassland
Il Hich density area in medium tree I Hioh building area

] Medium density area in medium tree I Vedium building area

[ ] Low density area in medium tree BB Low building area

[ ] non-classification (water, paddy field etc.) [___] Bare ground
[Figure 2] Structure and density map on non-vegetation and vegstation area

380




LDARS| 0| & Y= FHE OI&F =AIX[Ho| D7|Ht 23

2 oRgen] BRASE 452 4 Figwe 39 @A9S 139 oLt
FSke. 9 Foz F4E 49105 o4l ()

(e ®
[Figure 3] Classification map. (a) High building area, (b) High density area in tall tree, (c)
Medium building area, (d) High density area in shrub, (e) High density area in medium tree,
(f) Low building area

381



L olstEL} A7t S02 THE (310
&) (O 33 olof) BEL G Bux
golut 272 FHATH o2 TAHE 9

G )AL TUE] TEIOM ol

l

o
%

w2 oo MY > |4 1o o i ol

2 74" A%o)n, A de nYxe) of
BEZGIMOE, (A H S BBEm o|3h

9] Hj&o] A et X Holrt.

LiDARE HEALH| Q] EA o u}g} A
7} 22k 7] miol ol B4 o83t
HEARA O B/ 7 7e SR 1‘54 5, 2003).

Jeht BN 246l wret uEAgEe) Rol)
ohEA Gehba ol MAEGY] hE
of B ATAE AT HAH G BT
£ 913 Singular Retumg g8k 30| Bt
AR ol 8siel £Rol A Ret Aol

B BEset E3 A8AGL o2 7
4ol MAER Y] 93, B3] ¥

=7} 2.8 poinym’Z Ureht gk 7] o] 1
FHE U EY 5 UThT B wARLE
Bl £32 WAL AL BhESsI
2 LiDAR A&79| Fo| ¥
E‘ HARS &¢18F 4= 9
zb} ofutE, Felx o NEAo|AE

EERE 11 zafz,k | olch whebd A
gXl@‘Ol e R R E
Ho| 52 AL=lofof ek

=29 22E Bgotol YeAFH £
B2l 5 BEsk w2 AMA ) AR
e WEst we AgAYe SHoR
W] 712 A e Al g 2
Z3k7 #79 ZAE Hasksis Bayol
At AHAEFH =A A Ggele] 2st7)
e 2% BE o] 1FHe TR/UEY
32HY ARSI A" A7t A
wojof gk,

FESHLRAA AN A
S BReA Al gt 3
53 99 ARt AP R NS

o S s, SR, QA
Wa PuE Al oo} YYFae
shobd 4 YrHAES 5,
A9 AP EAAY 2
A ol 34l &
A3 2 A 2w S 2
SCELE ﬂ%wgﬁéa

T e

4%

o

SIS

0
(e

R

!

lo
HU

2007).
“EHE

Lo

l

o,
=,

e i
i)
TN

i
el
= o Jo _lﬂ

02:'., H.n rO“

L

ot
o,
O

12

LiDAR®]

o

Py

J

U (o
oo M > w
koo 40 N

w E
N
i)
o
o
S

¢ 7o A= LIDAR®) YA =9} 7|3
AY A2E olgslol EAXAE Ao
AL FINAHRARE HESL, S &
BE EAtto =AIRYS 3D7|Hte 2 B
teich £ % SFaote] uet Ex|uBy
2r2 2591 137 AR Agew
—5_]’33\0”:‘ EL?ﬂ A== %U]E XﬂU]E_ Al
AT wAAR ez TR

71& 835(2002)8] HEEFE= A7IRY

AxAY, FHAY, AEAY, 24, 4,
), el 77H) dER, 87 FEF, 52
A AEFE st BHRR 28 T3

ok, gEEAALC|Y Befol SlolAE 7

ulu ru“ ot i‘l'E

i

of
¥

1

r-ln:

382



A d o g IFEE 719
7b Besich 2 A7} 2o) 3
Awo| 448 TP TNBERE
WSl AUA %J o]

2 ATs AR g R EAY
(AR : S10107L0201004))° 2] x| ol <]
stof o] FolXl AUt

ol
| Sy

ro

=
L=

Bl A, FRE WAL 2007, YA GFS ol
3 228 BxTEEe Azag A4 @
2GIS3HE]. SH2GISEFE]R]. 15(1):67-80.

547, ol 9@, A4, oW 2008. EX|TE
9 NEE4e nT Fato|nHne 3
Ay EURY £ FACIST. FIGIS
&3] %], 16(1):19-32.

AR, 2007 LiDAR HP*P"E Z]-f’:.——] A5

O

&

29 EE olgF EAURLF. AT

=T S

2R%, old, AR, SEA. 2006 AN
Axel &% Lidardtze] 54 2 2wy £
2. A=A AHALE . A=A AHAIE A
22(6):533-542.

o|AN, ITEFE, R7|A. 2003. I o|AEgF

ARE o83 AZMY AZYUE HWrjo] B

o A =AY PR =R g E et

383

0|88 =AIX|Hef 37|18 27

3], 6(3):95-106.

WA, FRA, olF, ol¢@, AHR 2007.
LIDARES #-83t ZESANH/IAE A
Y AFEAREY 29 4 Bk @
FRAEAE7] S5, PR R YD
7]E§}ﬂ:<] 10(5):20-30.

289, $9%. 2005, HEA ¥OE Mg 7
A3} 8. AN ALATE

3], 484, vﬂ% 2003. LiDAR HHAGE

o} DSM2 o] 83 EXE B B¥ o
T RS eSS =Y. 23(1D)
:107-114.

. 2002. AFALIYARE

ER = F&, 203-215.

Haala, N., Brenner, C. 1999, Extraction of Building
and Trees in Urban Environments, ISPRS Journal
of Photogrammetry and Remote Sensing, 54:130
-137.

Kwak, D.A.,, Lee, WK, Lee, JH., Biging G.S.,
Gong, P., 2007, Detection of individual trees
and estimation of tree height using LiDAR
data, Journal of Forest Research 12(6):425-434.

Moftiet, T., K. Mengersen, C. Witte, R. King and
R. Denham, 2005, Airborne laser scanning:

righ

o83 EA

Exploratory data analysis indicates potential
variables for classification of individual trees
or forest stands according to species, ISPRS
Journal of Photogrammetry and Remote Sensing,
59:289-309.

Murray, A.T., Shyy, T.K. 2000, Integrating attribute
and space characteristics in choropleth display

and spatial data mining, International Journal

of Geographical Information Science, 14:649
-667.

H+d (20081 9% 18%)

HZE+AA (20084 11 1Y)

AL (2008 114 13Y)



