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Abstract

Recently, many studies have been performed to apply airborne LIDAR data to extracting urban models.
In order to model efficiently the man-made objects which are the main components of these urban models,
it is important to extract automatically planar patches from the set of the measured three-dimensional points.
Although some research has been carried out for their automatic extraction, no method published yet is
sufficiently satisfied in terms of the accuracy and completeness of the segmentation results and their
computational efficiency. This study thus aimed to developing an efficient approach to automatic segmentation
of planar patches from the three-dimensional points acquired by an airborne LIDAR system. The proposed
method consists of establishing adjacency between three-dimensional points, grouping small number of points
into seed patches, and growing the seed patches into surface patches. The core features of this method are
to improve the segmentation results by employing the variable threshold value repeatedly updated through
a statistical analysis during the patch growing process, and to achieve high computational efficiency using
priority heaps and sequential least squares adjustment. The proposed method was applied to real LIDAR data
to evaluate the performance. Using the proposed method, LIDAR data composed of huge number of three
dimensional points can be converted into a set of surface patches which are more explicit and robust
descriptions. This intermediate converting process can be effectively used to solve object recognition problems
such as building extraction.

Keywords : Segmentation, LIDAR, Patch, Point, Grouping, Surface

Ju

=

22 S0l g gtoltt diojElg =AY E48tas g2 dso] AP Utk BARES P
olF FRES AgAOR 2237 YA z;exgg_ 3AY A NFgonLE FUNANE 4502 FE
7ol Fasich By dixjo) A FEo) et e A7 FHEYUAT ofAE 20 ABwoL hAA Y
AAte] B ZHolA WEY Tt ATE 9A) £ Qick olo) B AE ¥ oot &Fow FEH
3}}% 7&‘9] @z;f:}-!_’_ Z}EOE HvLo},oq ﬂ:”’—‘ﬂxla 5}¥_ _g,g;ao] uhg_,] 7Hu S BgE Uh:} ;q]?_]—% %Hg L]
3R AT S sl Aol A IFWUst) 27 |9AE BT, o1F ARAA BHdAE
sk ez FAED AtE we MAE ARATIE BRA EAIE B 7|utste] shn o
Aue dARES ol 8sto] B dife) HE AAl7I, Priority Heapd} sxb2) 2|2 F 4ol 7ulst A&l
Ak S ARSItk Aol SAX 0k Ak PHE vt A% elort ol Fg3ste A5 A5
Ak AlRke 23 g 611 8% 32H Hoz s Solot wlofEe HAKo|m A% 2d Feel
#9 X o grez yEkd £ Uk oldt £7F WE e B WY a2 A <X EAE

oZ: >}ﬁr

ol B, wolt}, w2, H, 25%, 9

1) A5l - AEAlF et EA St A2 Reta) 2 W4E-mail:iplee@uos.ac.kr)

- 111 -



LM B

% olrks FlojA] Ael7|(Laser Ranging), GPS(Global
Positioning System)@} INS(Inertial Navigation System)
2 T B0, 1210 AHE HolcollA
Hixe) A2, elolct AlARIo] 9% B Wake HEa)
T, o} ] BA| 3314 WS AARIE BH)
3 #E A7) el TAell ARgEtaE QA Pt
71K g A e ujmste) 9F dolct Ao
HEAg 9 AEAT dlolE Xeje) AEE 5o AEe
Y3 Sck o) Is) TRt Bofol 7|&0] A
P& B gAsks S5 Yol BesT 9l
FF Zolrtel hE A B§ Hope mA|mEo] A4
9 7A(Haala %, 1999a ; Haala %, 1999b ; Maas =
1999), A xjg 9] DTM(Digital Terrain Model) A4
(Kraus 5, 1999), H3} &2|(Murakami %, 1999), 5=
o ol A%, st AP we, Aol 2%, Wsiel
F Soltk. Il E golct glolg gat A
750 FY=Ut dE S0, AP 5(2002)

O

lo 52 le
r]o

SR A, S35 5(2005)2 DTM A4,
H Q00522 SAAEY] AR W S dofo]
, 3423] £(2003)2 EXTEEE Lee S(2002), &
©4 £(2003), F5F 5(2003) 2 o]EH S(2005b)
s 2d™gol oigt A1E stk

AT B0l 58] duFan 2 mARde] A4S
A% A7t wol =g, ©)= Ubiquitous, 3D
GIS, LBS, Telematics 59| @31} tEo] ZA|RAQ]
A 71390 78419 Ha o] A FiEx ¢7)
Folrk AR YEAR T4 24t Ugs} Kol
ok ol QF F2ES FF ool dlojg2RE &
ToE FEhe AL TAREL] A3 744l 2HgollA
AHEE A7H B8-S HZ1s]7] 3] 4ok 24
e tiRe QA FRES HW A2 AR od
A= 2dgs]y] gl g ghojuta 243 334y A
o] Ao R Y F2EY] HHL A= HH o)
A& Aoz &= 22 Fasich Hd 2 =
T F2ol gk st It QlolFAITt of A &0
Y=, G, AL T SHolA 1S vt Ay
S YA F8aL 9k

oo & ¥ F ol Foz FEE XY A
o S A5 28 H3l(segmentation)dto] FHFRE

2o
o_>r. 0]'[1

8

95K & FU ek, ol 45 Holee) 2
goto] e Yol 52 BRI AL BEE Bk

2.1 2ol Heo|
Bge ol UA) 1Y dlojelzre mr} Lol
1, gokAoln, WA|Zol F&(description)d YT
SFiolch 2 Eol, 244 249 A3k Biel 1
1 B A TSNS P BASS i &
d& 2 BAE79 28%t 259 53 YY)
e T B9 gte s mdsh= EH*]‘)ﬂ N 2%
o) Adgter FHH oA /ME 15 159 HA
of gl kel A PaSe) PRHQ 4O Ueh
Wolick. olafe 5ol Ao WAL Bash K
PILRRE AES F23M 214 5ol Bt agze
2 olgE 2 9tk '
Zolct Blolele) HolE ook uhzbNR 339
el Ml el HipAA22 2R G IS
Y5t A4 EHAXZ LAsfof gtk YA
olEie) Mo} M Heh $TS B AR s
A7 57 Hobject space)S Hr} QoFdo|IL A
How FHsE| fgel, Yoyt maiZal 72 A
A2le] A2 o] Bt autzog F4E 4 gl

8 ox ok !‘J
o _]}.

fo)

22 mA oip

Solct Hlojele] Hael B 71E9) AT obxA| ]
ojte, O Hopollq §AE A4S 2 dojee) 2

3 B 259 T AT 2E Uk fEH
T2 Y79 (range image interpretation), ¥k33}
Hs-F S (unsupervised clustering) 2}
22 AP M7t ok 9294 (range image)2 AE
Zuj) GAZLOR MBSH 722l (range scanner)o]
o) et ATPPomRE AH 4 9 2EL
93t 7Mooz Yogare] Bato] o) 2Q3}
A Aol Sk WBESe 24y RS B4 oy
ZASIE AFEO] thet 7jsaky wEe e 2e B
2 3t ZREYOIALINY T HHmEAAR|(Coordinate
Measuring Machine, CMM)E o]-835}o] E3|2] FWHoj
AR e 2T 5L HSH FE2NE B
of G4l gt s Bd(og Eof, CADEY)S

(reverse engineering),

- 112 -



BT el A7) 9% VA F a8k Ao}
=9 339 o] 2] it Hitolth BREEFE
ARG Aol A gt G (multi- spectral)OﬂAo% 243} 1)
T2 ggsts Yotk iAo nxkd
7ol Ex3k= EA7)A(feature entlty)% 23]
EANAIEY 3E f5gtth 32k AA Fto]
obd Qlejo} nxpl FHFE7te)7) wiEe] #HS fdh
MAIZES] 71etetA BAS ZA BHsHA dette &
%ol gk

TP} BEFIIN S

2 o

ol et i

9] dl= ofeat Lt 7)Ee] AtolAl AR Bl
W52 QAR EL HAREHAY {83 WE(Sonka
=, 1999)01]*1 AAISE AXE A of X]7]4Kedge-based)
ukAlyl o 7julregion-based) 2] 02 RFRECL of2]7]
gL °J/\]Eﬂ°]‘51§—r‘fi o9} & BHLZ] MY

NAE &340, o85S ATxA0RE FAAA dds
LASE= "ot Hoffman &, 1987 ; Yang 5, 1999).
Qo] 7uk AW
W02 st ©
712 183} Fcl(Boyer 5, 1994 ; Fitzgibbon 5, 1997).
ey o] F Rl orde S5k ¥ AR e -“vi—
& Agstr] HEH e ﬂ:r'-XP—Ol Fodudse 2
5t &3 o4 5> 1997 ; Koster
2000). AAIZ Hoover S(1996)2 $LodAke Halks)
S YRS Mk 4RE FUIL o8
3 Eomut ool what B2l o
st shAElx] plgteka B ek
22 ololet dolel ARARON) WeEeel
o A dolei2ks 331 B7lo] 2l A
Haolats ZwolA SABIIT ofzl 7h4 the
/go] Qlrk. wighystol H= YNbx o2 tiAkEA ol 4
o] ofF A EAE oFF 77k ZEo4] nUER
Ao, B0 digk AP ES] AFHHx] 4 (domain
knowledge)o] ,L‘ﬂt/_l;}oﬂ UJ'O] @—_g-ﬂq- E’S‘ Ojj_fﬂ/ﬂ-_g.
7W7hE AdleliA LA ASE FAA R ZAsto]
o] g2 o] Fro)7ieh oje} gl gfojut HjolF
= OPFEAS) o] W SRV oiefoit) 3L Bt

surface fitting¥} region growingS
N 5} ZAEA =N o2 njs=st A

et oo i ofn
:O{_—_‘"
i
o
P,L‘

s
i)
l-ﬂ

i)
e

1)1' o ﬂi

2% o] BEZ Ho|i, olH(outliene) ulgo] 7,
A UEsh don, e FE EL e dAE i
e gjolo] Wk o)2fdt 54 ujZe) Solct Hol
o) Bare goaAollt MEEslx ARSI Yol

of Bam dolwsl wor, eby thE | Hop
Ael oln] el £ GIES Soltt Holee] A
slo] & AnE 9] ek

3. H2kel Faol Wy

£ dAFolAl Al e W2 el dojEE 7
Aehe 3 M) e Apog AYste] Ao
2 Bety wdojx|e] Ygs ATk 8 A9 A
2 1) 3 H7he) IS ek 2) 2% A
e 189 sto] 27)9X|(seed patch)E A48l 3) =
ANHPAE A A EH ] (surface patch) S AYAFITH
Aoz YA Z1zo] FUAR] = |0l Eahd F,
HES DAt W) W, Tx1e) AAR gelgth

3.1 Heo| AN 48

b 0 7 oA region growing)EFAl-S A|-&-5to]
A dlolglE 1ESse WHE FHs] AsiMe |
A T djoje] AFE 2ke] “oigAdro] =x]ofof it
A g 5ol PAe] Aol A& Hsks i diolH
1 HApixel)o] A3 AXNFeR wiF=7] whgol
A Alole] Q14442 4-connected HFA]0]L} 8-connected
S ek Helglch olgh ulmalel B AToA
= Zoltt dolelsl 2ol 33 Bl Epaiah
Bashe 7o) ARolME Wze) 45 U4 Aot 2
weps}] ool LERE SaAsl7] o)de] o) s
oF .

272 2R A5l ot AP R A
ofl a4 Ahuja 5(1989)2} Chaudhuri(1996)o] 2l3j
ARSI 7|20 g2 A-rAbEe] EafalelA 2xgt
AE Atole] el1dAS A 95H=1| Delaunay Triangulation
Network(DTN)& AHg-3ith DING AR o T2
DTN S of 8155 AAR] Ex4d(Computational
Complexity)oll 9lch 229 DINS At 722
ARke] BAFAL OW’) olebA - &, oAl Y AR
Aol vlgste] Aitgro] o]z whiZol i) Fo
2 39 gholot dlele e Q3dE AAstet DIN
S Sl AL vdESAo|th 7|EA o2 Delaunay
triangulation-& 0]l g|o|e] HAof|A] 3522 2 Z(global)
27 AT Fekek uhebA, =5-H(local) 7@ AH
K4e A 98 DING AMSsh AL 28 ol

- 13 -



e o) Mk, =
S A
HEQ] Alolo 32HY ™AL ATt ol LAk}
2719 A4S DA WS Yo A
1% 12 2D} 3D 13499 geE VER AL Qi
Foi7l o) Yol 43 AL e (graph) 72
Z AL T Es 25 (node) @} L EE A= of2
(@e)2 Tk oA 2olet wlofelo] A oA
Az dolHE Fshe BE S BB 24
8l eldAo] EAfshs Aol ofa= Mgtk

é fu

2 ol Aoke 271X A HHe Folal W
o WE spaze] s ol ARl AEe B
Sl 279N AT Folyl mE Hozw
27)A1E AAS] Rel AA| EAsH: BE e
A7k ANE 271N SRR AR o] RAgct

Foll HY ApurE IS Y] o
afell Aol Ags| Fch uebdl, Hvet BH
UAZE AgHF BTk 271X ATl
B aw e Quae 2 WE Fo4 Y 7t
be He HRHOE FASE Aot o|F 915 3.1
ol AAG QHAY THZE AgATE AHA e
E /e E QHBL & 49 gmelEe of
dhet 2k

1) QU el

(1

N
ol

o ofy

o

N

A
o
rok

b HA)ol Hgshe ==

2) 'SH%*_ =9} ddd BE ol EE A
H ofE FollM 7 2ot E As }LE—H@":}
4) AelEl of3o) AZE Mol vz A A9 sk
A Ag7t 7V 7ke Hol =k
£ daggolld 7 w2 Aol 84tse B2 3
WA Yl 7P dolrh e of=E AdEiske AU
77}9| 10| A2 o}AE heapolehs Tzof AT
< B3l 2eAe = 4 Utk 94714 heapol= priority
queueztal &2)7|% szt the=e] djolE oA 2
A 4971 71 B dolsg agKoR a4 9
=2 HolHEe Ak FRolh & Z7te] wEo)
A2% ofz9] AolE A &R k= heapol A%t
©=R Zol7k 71y A okt 47 AME 4 glEs
s,
S x,w Jeme} ofz1o] 7elE S &9l2 Shs heap
22 ol e 271X e 19 20} gk olg}
HRoR ol B Houhy 27|9AE Y

i

dgge T8Ysle] LAAE B cigels
§3to] ARG STk 27]5Xof
Fringe Ao Ak B4 olojx:

™on
ol

o)

Hﬂ

i

m]o

Jzi

Hele Ael ¢ Ag dagch |

!

e HAo] TP l

]

3R A9 7} 7o
A £Ad BeRET

A7 dZ2€ 2E A8
heap®ll A&t

v

heapolA 7H¢ && olA&
74 &},

dzAe 7 4 F 4¥HEL
ARt

a8 2. Zo|afjx|el MdwY

- 114 -



33389] 4 @) Al (N 2k A (el 71ed 2

AL 2o Hot W] 7k 27|3AE o]
571 2o ZARRAE 7P A2 27 E 2Alste

Hm X2 Aot sl 2ALe A B 2
ZREL:= Y E ARSI g= Aol dlEAlEch

AT} #he 27| S SAste] A7) Y
e 271929 Fgto] ZARRA) 2 7)) <]
Aol 830l LRFE A E|olof Bttt welA ALY
A2 SALAR B heap TR AHE 27WXNEL
At

27|33

3.3 BHx(e| MF
WA 27N =R Aok QHUA Ao E
‘I‘E‘éoﬂ At A5 iAo s Z3|F)= o BHt
HFE S 2 Tterative Growing)olehe AL Ea)] AT
= A‘]X]—A]?]E}. JREE1ALo] FhA o 77 33 Zhow) of
dot 28 u) 7HRe) Fe BPow T,
(1) Heapo2 e 27|9j2]5 Aeiste) Axfjufa]s 4
Aslc}
() FYHAY 1 AHE Be Ak
(3) A Aol AR ZFFARE 2
g SAA AIRE gk
(4) o A AL Fashd, @xsiA]e] IHA
& EFNA AT £ AT,
uepgel e WA o o4 e
A7 e T Q-@)2HL wrEsi
A WA 2 EA) heapol) HolSls 27|25 S
4 7V B A28 Ao ol ol S

o

%

27|92 ﬁ%@i}. EF *dE—‘i%l Z7IJH><I of =3te o
ol AAH HE ofAE ofFo AT AL AL
=2 8k= of=L heapoll Attt
7 A gL oF heapg o-§5ko] FrfsA|of <1
steA] A7t 7P 7h7ke e HARICE Heapol] 23
d otae F e WRAEAAC] 23 H)S 22
StAY shtel Wit shuke] 2R (@A Al 3
HA @2 e AR 5] xE of=E
S wj7h2] heap © R EE Zo|7} 22 SR of2E AW
ok o] wf ofZol =3 L vk s o AU
sheAf 7Hg 7712 o] Erk 9t heapo] BiA| W ¢
ol 1R Hol girk= Zol7] wiEel ¥4 FR3ih
Al A g Aol 7P AR Hol dAeA]

o

Mok
s

9} AW (consistent) A S 7MIASS T3l EAdez
AAFN= Rolck EAA A@2] HE7Hd(null hypothesis)
2 “Ho] AAH o] EHJol EAFIE ol Y A
(alternative hypothesis)2 “Zlo] A=) x| o] HHA o) &
AR ek=rtrolct £ Q] 7S SEtH o7 mH)
o e gk

H(-):Zn—*-l:AnJrlén vs. }llzznle#An-i—lgn (1)

o714 €& ARz RE FH BuAolt 4,
= (@1 Yo v 1] BARA A ZRPoIR-Q] Al <
Aoz Al 371 GARBZOE @y Yosts Znrt)
£ A9t Hiolot of o 7HEEITE A A9
FAAY T= s 2ol Atk

o| Heapel A3d 271 A& 2o +2 €97} M
Taskl

ESUEE TS
2 gele

HZ ko)A o) Aag 2E QWA A28 heap
o At

v
v

AZ7h A heapoll Al 7Hg #E AX 7t glek

2 oA Polrk FAR
EREETES

& Yol AA £@s

=2 gelgh

’ AA9) F 2 Fol 99 AP —l
-

Task3 stz ez 1 Yol

A#HAA ggeh

) A
’ 2 % 3ol AFE AAE heapel XWI?ID}‘I
Task4
v
4 ALAFFYAZ 59 ZEg AR —}

[

I8 5. HEvEo) M Iy

- 115 -



P 2
n+l§ n+1)

(4
)

~F(1,n—3) (2)
1+An+lQ{£n} n+1 Uo,n

0471*1 Q¢ ) AAs)x|o] Pl FRARI™]
o, o) & A o] 2AE )

BE FHo| FAF7t 2 oA FYHo|L AFEEE
Brh= 71gstel A wiek 4 7Hdo) A}
=7t (1,n—3)Q) F-EXE Zh=t} of &
Fo1Zl A1E H(type I error) 2] 3-8 1 o2 7H HE
< AAlattt.

UpR|e Al AbE HAaAlE
estimation)g sl 22 g e nds B9t
gt 3 HAAeE FYAlsks Aot

734 Aol AR x| 2) FAARE 23] A B
Al oot Pk

mz
3
EE
p—i
s
W
E)

tH(sequential least squares

Zoy = Ayt ey e~ 0,034,) ©)
o714 #=gh AlE 7, 2A8E 4, BAAS &),

QP o, & oY wEd

z 1z, y e
z lz, v, ¢ e
Zy =2 A =107 G =0 e =] @
: i c
le ]’Z’Il yn ell

ZukA o] 2| AAFHE AL3le] ol 42 3
WA} AT g, 2HE) BAFEAND Q)
Butg ol 243k 6 )& AXEE 4 gtk

€y = (A A A0 Zy )

Q{é(n)}: (A(:) A(n ) ) : (6)

~ () = A ) ) = A€

%0.(n) = p— ™)
A28 A ZTFAA x| HHAET FehA] A

B FHASE 2o Sl e BEYRA

2 opeljel k.

Zop = A Ete, e T (0"7;21) ®

A n+17lH z —i—‘d&;‘é*—lﬂl Al TS A
[itel | e ©3o] Q7] mhiol eAba 2aA|

FHE o83tk £AHA HaAlFHoR FAE FHAs
o] Ak &, ., ANE BulARe] T4 3 QfE, )
T 73A1El AR AN(variance component) (}(2),“ a2 o
A v,

Q{f }7l+1(Z11+1_An+lé(">)
(1+4n+1Q{€">}A,;1;1)
Q{An} n+! !L+]Q{£ }
(1+An+1Q{§(n)} n+1)

n+!£(n)) (Zn+1_ An+1é(n))
(” 2)(1 + A1L+1Q{f(n)}Af+1)

Ensny =y T ©®

Q{ 5(n + 1)}: Q{ E(")}_

(10)

~2 ~2 n—3 (Z“H

To.6+1) = T0,60)" "o +

o =7), A7|¢ 7]
A E HARRITE 7Y
/4% w2 BEA
2o i@% e o2 fAE AT = A =
sze thedt gk

O #7|(Size): wiz]ef] EFHE Ao 75> 4,

O A27)(Roughness): (}3 <,

O 71814 Fel(Geometry) : ¥ ZAlf o]&E=

normal matrix®} 27| 4= < g

4,1_51.13

3.4 ix|ZAL| Hlt
RS Sl AgE e EHdiAs BTt

® A2 Uehile e Ao AR Ewsel
AAE sAle] Eskel 9o 24o] Uee AgHel 3
A& elojFie. sixle) AAE WAL} ciol B
WA o R gt Fa3t H4olct

Aol EHE AT 33 el AT EHt Ao
Bepasl] Saslo] gt olag el F4lo] 2k 9]
B PG AR A B ATAE] 2AIgE

a3t Aotk o]2 )% 714 haEAQ]l HHH-E Convex
Hullola} 22t BE H5S ZRsie e 220z}
#(convex polygon) 2 & 23 A dARg Uell= Ao|th
(Berg, 2000). o] WL shx19] 983 BB} 7 F
d BB 52 Tk AA AAE 2k o A

glth @EJ Huu L) HEo 4 a35l7] 23 Richards
E(1977) “space filling hull”o|gl= Zkzke] He- F4le
2 sk dAst Av]e) o) Al oEtiom HAE A
Akl HhHS AAERITE o] 2431 Toussaint(1988)
2 o] ByAgt Raof ofgl Mt A Ate]o] 7H4ol &

- 116 -



2l e AZ st flsf o] 4
o 7V 7Phe A Alolel #2)e) Ao Agslvc

H Ho]|Al+= Edelsbrunner 5(1983)0] AJAISH “a-shapes”
2 o] g5t} a-shapes-2 7)'d & 2 2= space filling hull
2 Hoh olu}g}zﬂ— Aoz AA=E aglo] we} clokst
AE=E 2he A 29E dehdoh 07|14 Ad=s
VR ol 004 F3d9] gh& A18e 4= Qltk o
Fo] FRIfY Z-9+= convex hull#t F-UsHA ==, 021
B A s ol ZREA "ok E3L afhd
Ha51A 2E a-shapes-2 Delaunay triangulation(Berg,
2000) & == oA 5] FEATORE o]RojA=
S4o] Uk 2 ATHE o W APHL 2l
= A=Y Aol wlHsh= Yoz 28

il

4.

>

ST

Aoty ®HH-e. C++ 9 Standard Template Library(STL)

2 olgstel ANAYLEIBOR THY A AE}
B AAROR PEIC. e 448 2 U5 7
3 Solt} tlolBg 758 ALl Agstol A
HHe

& Azslqr /

Alge] AREE HlolEl+= w]at Ocean City(Csatho et al.,
1998)2] djlo|&]2} ISPRS Commission III, the Working
Group 1II/3(Vosselman, 2002)0]4] A|l-5% cjoFst Ex]

LA - % TR
POkt e st 1 PRI R
: "t:**~n~"~'\*' '.»'M. W

P

-

(3 X oy

Wil

-210 200 -ws -:ao —m -u;o ~159
x(m)

(a) =0[0ll w2} MyS 2F/E 2l0ICH HO[E2| 2X1H #H

olg3 U=E 7= dloeE olgsigich £ =82 2
oo} AFoz Qe A<l shte] gloje o 483t 4
HE AAISHL QIARE Hok thekeh Hlo|Eof 83t
IS A EHY Lee(2002)9] =72 =S Hrh

2 =RoA AAIEE 4 dlolE= 17 404 =
oF o] =R A0 Hlo|HEN B3 X F1E2E 2=
A, dEel AT U, A =25 236k 9l
k. AR A 99 WolE 5,564m’0| 1L, 4,633702] A
o ZFsl], oF 0.837/ m’] FUEE Hoh

A A o g iAol EqfAlstA 2 HE

of 25mE YAgEe = 224 9 3xH FAE st
Art 22k 1A UERE= 38,796702) of#), 32
A4S UehlE 35964712 o x)7} AojxiQich o]
TEi 27H QIR AlAFol 2,832709) ol A= 23 L
F 2143t “2D only” edge® Xq«]ﬂoﬁl}
HA o R M T HES 4
AR 1FFste] 27|98 YAdstth 18
A2gE o] Yxlef ulet chekgh 2717} A4
E 74he] 27lajzlof AR EHoR FHHS &
Ateto] ZFHE o] duht BH| FARMAE Ve
£ ARIE AxRIt oozl v g apgollA A
A7|7F 2he AU R 27|28 ANSHA Hlug AR
717} 27|94x]8] 71 Sagh 4otk 19 5= 747t

e AFHOR TFBS Bal A 27154712 AL

m&

-

II

N
o Hn rt1

)
e

£

() SLT XA SIAI

37 4. MRG0l

- 117 -



718 epdich A27)0) HEo) wet Aapgel Mz
Raalo] wAsIAh oA 4 Qo] BB AA R
2 R, T o sl ok 2 g
27|39l AL7) 27 dehte s o 4 qlch
A 2712 FAA AR e AR A
0]_0:] H]—E.D:]—Z]—J,]-Z-lo EOH HZPA];‘:] i{-_l:q_z]-]x]e }\gkh'f
o} g Bol, 17 62 site] EAMAT AR =
e MolFm 9ltk. 225771¢] MO o|Rold HE F
Wo) RS Bk AAtHolq 255 dxjolt. 1
ol Zh7te] o] Uehis Mz HAS ARA7IE
oA Aol A EFA7NE A4S ey, dlo]

_l

NJ:.r

-210 -200 -160 -180 ~170 -180 -150
x{m} :

% 5. MAEl EI(TRI2] HEY|

-210 -208 -190 -180 -170 -160 -150
x(m]

O 6. EHIX(e] ME

o] 2 B% QIREe] AE 27|WAREE 279
FAASE 2 He e 2IA7IEAM 4
=S PR ura}urr:}. 53], s v =2

fe Ao
HE 5 e o2 BHASE Yehlls dEe] Aty
oz AoE Aol & WE}LJE}

Ados gd 2R 19 79 2o, 47
o] W5 L3td HEF FAE L%E}LHH Ak =i
52 15T 5 Q=R o7FA9 thE Ao s ¥k
t}. 92 D7} 004 195 2b= A 207H4 LT A7}

A= on Zhzke] wfixlof ZhE He| s, mix]e]
FHAGNab,c), AW7E= ® 13 Pk
HA| 299 oF 95%0 o] Ao g2 e H2)Eo] A
Ao H3ty g IY 7ERE ¢ & vk £¥H
Hafz|of 3w Hol Aol 2 4,180712 HA
37H~l 2 2ol A 90% o|Ato] EHux| R BalE 7
U 4= Yok HHHARE S5 =7 59 JE2 9
o} Sl Al 2be] mHoA BRAHA % %
oz 107 oJAke] Qs Mo| SAlsE HH AL
F3HA Bahe HEolth
AA ®olo] D} SARE AR A, Fak, =2
zZgmat opg} UEA| oA FIZ(ID: 11, 14, 15, 16,
17, 19)7} 2ok U292 Fual FAlsk] gk
FHEE 2] wlie] o2 x| Gof vluste] Ads| & oF
02~03m2) AAYE ZH= AT 2 BZEir).
a-shapes G1E|Eo 2 AAME FAE= EEHJH Z|(1D:0)
o] B 4 Qo] 0.8 R BY R T2 myet

(r mlo "; == o}-_l

OHEM>

-210 -200 -190 -180 -170 -160 -150
x[m]

a3 7. 288z

AMEE 20702 EMIYX|

- 118 -



NEEEREE b ¢ [ARAm]
o | 2257 | 3574 | 0002 | -0002 | 0.086
1 14 | 2739 | 0325 | 0082 | 0019
2 746 | -34.85 | 0009 | -0005 | 0.098
3 317 994 | 0216 | -0.089 | 0097
4 28 | -36.83 | -0002 | 0003 | 0073
5 32 | 3893 | -0050 | -0.133 | 0.044
6 103 1948 | 0227 | -0.094 | 0085
7 149 | -3946 | -0061 | -0.151 | 0.193
8 85 | -1625 | 0090 | 0215 | 0076
9 202 | 27219 | -0228 | 0095 | 0058
10 58 | 7540 | -0221 | 0091 | 0091
11 S0 | 453 | 0189 | -0.060 | 0306
12 15 | -21.69 | 0066 | 0235 [ 0.083
13 17 | 3584 | -0004 | 0008 | 0.038
14 23 | 9653 | -0209 | 0359 | ‘0304
15 2 | 4536 | -0.071)| -0097 | 0318
16 2 | 4077 | -0017 | 0118 | 0242
17 17 | 3226 | 0026 | -0414 | 0249
18 13 | 2404 | 0015 | -0.125 | 0202
19 10 | 1812 | 0088 | 0071 | 0220

£
N

o oo
) 3

. ﬁ

ofn

o -

S mlm

3 oB ot o o ol

=

FAre A masl o

eAme Sole] $40 e
Aok SAX A YAl 24
AN Bge] AdHo = BuE oA
o WS T W TSR A

AgHoz PUEE AALES A8

AR AMEBE Tt

o 2| ANE YA oE S0 &

& 2T Maas 5, 1999). ©] Atelld= Al 714
geiAlel S st AxEsle] 33k wide
I & e ol disf 4] Hol 7HE = e
sl

Aol gt RE cellofiA] votinge a3t

H

E .

£ Hough Transformi} Z-2 Voting W& o]43]
H

2

)

fe]

RS vty

gt m2ue) o] Mol 2K 9
o TSI 77t A2 T HAID2)Z FEA A
St olei B ANS BAAPS 5ol
7 Z+

rg

A}

O

A o2 Voting?] 277} & WA= HE FHHPIZ
shglel o)gl WP wUEt celld] A71E AR5
2ol 1Y YA AMESIA] Foi olof what o 2
2 2jolo] Wk FiAlE FRE TR £}, 2 A
718 FAE BEE Beslx) ks wHo] Yk
B ﬂl#ﬂ Zpo|7t mlAjstiele Alg=ol e £

JEHE

A4 ER 38 2tow Bue SAHOR AhusE 4
GIEh 2 e ol AekE et e 485tol )
g wrEagshe el TjXe BARE XA
SATE o REHOR AU oIF 53 24
£ 7PaAQ) AR AMg ST,

54 £

P At 9 dolnt Son H5d 74 1) A
e A5o 2 E(segmentation)dte] EHIR|E A5
o sl £EH PHL AURL, 0T 4 o
ool Agato] Aok WHel A%-g HEBIch

o
0]
Jus

|
Lo

2,

i

Aok &t ‘%‘%}—8— 32k A7k QIS s, &
Fo AL 2FFelo] 27)9A|(seed patchyE d5t
i1, 27]9A]9 *é%% B3l T X|(surface patch)E Ay
ohe Yo R FAE 2 dA4E B B2
Ex3 HEo 34 Astar A o84 34
& Ak thrst Wil AEsk oot dlojgef 3
gt W AAISHTE Aok B3 W AHd A
Aap z7ja)x] Ago] glo] “Priority Heap”S ©]-8-6 hﬁ
s o] QlojA] £AFH R A A8
3 Aol AEA0] w2 WHE ekt &3 HJ%
I oA He] LS AYsh= °‘741%I—% Ll
2 BAg 7o s dAshs WS AASHAAL, AAIGE
& 7hHd oz A3 712 wgH AAZE AMEske
o] Zhe S RAsioick

B AolA] Aokt Bg WS Bl g 3A
o2 A= glojtt glojE Brt HA|Ho|i st

(robust) B¥ Feol EH X2} gtog st 4 Q)
). 2ot} Hlo|elE Bz Fgo 2 5= F7t
el g Fol Mok 58 SAA Ay ©A uY
E3 22 A4 Q49 EAE b aapHog Ay
/\ oh:]_

£ A7) T IARE AR S ot
EAZ HYE 7 Y HolEE 7K 89t HARE

- 119 -



T3 A4H Bajmat ohet 250 R BEs Aokl
N|TE B A BAS Sashs AT SRARIGA,
SR A4, GisHeld 5 olF dojsetel 8%

narel A A4

Tl 22 2HE sk A, &
gz 9] He-& DEM*E d, dEel 75, HIlEA
ol 2

olft r&ﬂ mlo

LAl 2

B A7E 2004UE AL distmold X ¢ wu
e paAuE SAHUEUT o] 2 BAS

Uch E3 o) B wyel B 23S & A
AT 3o} Aol Ak =gk

o lﬂ

T
Age, 482, v, 18 (2002), LIDAR HoJe]E of§
3 A AL A, SHRERSISIR], 420, ARE, pp.

R33], P 4571 SAR (2005), LIDAR A&EE 0|83
DTM A4 A8 47} s=S3EsX|, 233, B2, pp.
261-272.

o5, dAE (2005a), LiDAR dH|o]E|& o]&3t
A% 9 54 dolol 44, ABSYS
pp. 313-322.

o] 5%, FAE (2005b), LIDAR ©o]s| &&5} A5He 4]
of gt AE Y, HSESSIE=EZ, A25¥, ADZ,
pp. 921-928.

294, B84, 0l97 (2003), FF ol HoleE ol
43 A& A5, UHESSE=ET, A23Y ASDL
pp. 727-733.

e, 292, FEY 771 (2003), LiDAR HolE|e] HY
Tof ©hE A g9 3D 29, EESSE=2E, A234Y,
A5DE, pp. 711-717.

A48l A8, /71& (2003), LIDAR RRAMFES DSME ©]
23 ExTE B2 Bt A7, HEIERSE=27, 423
g, AID3, pp. 107-114.

Ahuja, N. and Tuceryan, M. (1989), Extraction of early perceptual

232 %0
B|X|, A23Y, A3SE,

structure in dot patterns: integrating region, boundary, and
component gestalt, Computer Vision, Graphics, and Image
Processing, Vol. 48, No. 3, pp. 304-356.

Berg, M. d. (2000), Computational geometry : algorithms and
applications, 2nd Edition. Springer, Berlin ; New York.
Boyer, K. L., Mirza, M. J. and Ganguly, G. (1994), The robust
sequential estimator: a general approach and its application
to surface or gainzation in range data, /EEE Transactions on
Pattern Analysis and Machine Intelligence, Vol. 16, No. 10,

pp. 987-1001.

Chaudhuri, B. B. (1996), A new definition of neighborhood of
a point in multidimensional space. Pattern Recognition Letters,
Vol. 17, No. 1, 11-17.

Chen, L.-H. and Lin, W.-C. (1997), Visual surface segmentation
from stereo, Image and Vision Computing, Vol. 15, No. 2,
95-106.

Csatho, B., Krabill, W., Lucas, J. and Schenk, T. (1998), A
multisensor data set of an urban and coastal scene, /nter-
national Archives of Photogrammetry and Remote Sensing,
Vol. 32, No. 3/2, pp. 26-31.

Edelsbrunner, H., Kirkpatrick, D. G. and Seidel, R. (1983), On
the shape of a set of points in the plane, JEEE Transactions
on Information Theory, Vol. 29, No. 4, pp. 551-559.

Fitzgibbon, A. W., Eggert, D. W. and Fisher, R. B. (1997),
High-level CAD model acquisition from range images, Computer
Aided Design, Vol. 29, No. 4, pp. 321-330.

Haala, N. and Brenner, C. (1999a), Extraction of buildings and
trees in urban environments, /SPRS Journal of Photogrammetry
and Remote Sensing, Vol. 54, No. 2-3, pp. 130-137.

Haala, N. and Brenner, C. (1999b), Virtual city models from
laser altimeter and 2D map data, Photogrammetric Engineering
and Remote Sensing, Vol. 65, No. 7, pp. 787-795.

Hoffman, R. and Jain, A. K. (1987), Segmentation and classi-
fication of range images, /EEE Transactions on Pattern Analysis
and Machine Intelligence, Vol. 9, No. 5, pp. 608-620.

Hoover, A., Jean-Baptiste, G., Jiang, X., Flynn, P. J., Bunke,
H., Goldgof, D. B., Bowyer, K., Eggert, D. W., Fitzgibbon,
A. and Fisher, R. B. (1996), An experimental comparison of
range image segmentation algorithms, /EEE Transactions on
Pattern Analysis and Machine Intelligence, Vol. 18, No. 7,
pp. 673-689.

Koster, K. and Spann, M. (2000), MIR: an approach to robust
clustering application to range image segmentation, /EEE
Transactions on Pattern Analysis and Machine Intelligence,
Vol. 22, No. 5, pp. 430-444.

Kraus, K. and Rieger, W. (1999), Processing of laser scanning
data for wooded areas, Photogrammetric Week, Institute for
Photogrammetry, University of Stuttgart, Stuttgart, Germany,
pp. 221-231.

Lee, D.-C., Yom, J-H., Kwon, J.-H. and We, G.-J. (2002),
3-Dimensional Building Reconstruction with Airborne LiDAR
Data, Korean Journal of Geomatics, Vol. 2, No. 2, pp.123-130.

Lee, 1. (2002), Perceptual Organization of Surfaces, PhD
Dissertation, The Ohio State University, Ohio, USA.

Maas, H. G. and Vosselman, G. (1999), Two algorithms for
extracting building models from raw laser altimetry data,
ISPRS Journal of Photogrammetry and Remote Sensing, Vol.
54, No. 2-3, pp. 153-163.

Murakami, H., Nakagawa, K., Hasegawa, H., Shibata, T. and
Iwanami, E. (1999), Change detection of buildings using an
airborne laser scanner, ISPRS Journal of Photogrammetry
and Remote Sensing, Vol. 54, No. 2-3, pp. 148-152.

Richards, F. M. and Mullins, L. J. (1977), Areas, volumes,

- 120 -



packing, and protein structure, Annual Review of Biophysics
and Bioengineering, Vol. 6. pp. 151-76.

Sonka, M., Hlavac, V. and Boyle, R. (1999), Image processing,
analysis, and machine vision, 2nd Edition. PWS Pub., Pacific
Grove, CA, USA.

Toussaint, G. T. (1988), A graph-theoretical primal sketch,
Computational Morphology, pp. 229-260.

- 121 -

Vosselman, G. (2002), ISPRS test on extracting DEMs from
point clouds: a comparison of existing automatic filters.
http://www.geo.tudelft.nl/frs/isprs/filtertest/.

Yang, M. and Lee, E. (1999), Segmentation of measured point
data using a parametric quadric surface approximation, Computer
Aided Design, Vol. 31, No. 7, pp. 449-457.

(224 2006. 2. 28, AIAFA 2006. 3. 10, AAREEY 2006. 3. 20)



