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Abstract

O As one of modeling methods of representing the real world into virtual space, registration methods that
automatically match a set of measured point clouds have been proposed. Point cloud registration methods are
classified into point-based methods and feature extraction methods. Although the point-based methods are
more accurate than the feature extraction methods, the calculation cost of the registration is large. The feature
extraction methods have a lower calculation cost, but the extraction of the coincident features is very difficult.
In this paper, we propose a registration method that extracts feature lines and matches point clouds measured
from different directions. Because feature lines are extracted, this method is suitable to model buildings, since
they naturally unveil linear features. After the extraction, our method efficiently matches a set of measured
point clouds by applying the geometrical transformation, so that the feature lines coincide. We demonstrate

that our method works well for point clouds obtained by measuring real buildings using a range sensor.

goooooOooOobDOo0ooOOoooO0obooOoDbo3dbooDoOoobooboooDbooon
Keywords : Registration, Unit Point Cloud, Feature Lines Group, 3D Depth Edge, Segment of Points

O
obodoooooboobboooooooboooooa

gboboboboooooboobobgoboboobooon
oobobo0ooooooo 3booobouobo 1b0bobo
gobobooboboobobooobboobbooon

1 0000

000000 VROOODOODOO (MR)ODDOOODOO

cooodoooobboobooooboobooooo
Jo00o0ooboobooobOooooboooobDoDoon
cobooooooobboobooooooobbooooo
oooooooooooo3ooooooooooon
cbhooobOooobOooobOOoOooboOooDboa
ooooooboobooooooooooooooog

oobOoobooooooooOoboOoboboOoooooobooo
oooooooooooooooooo 3000000
ooboobooooooooboooboOooooooDoo
oobooooooooobooboboooobooooboobog
oobooooooooooboboooooooboooooboag
uoboobooooooooooboooooooobooo

— 80—



Oooooooo Vol. 5 No. 3 pp. 80 —91

0000000000000000000000000
0000000000000000000000000
000000000000000000000000O0
0000000000000000000000000
0000000000000000000000000
0000000000000000000000
000000000000000 20000000
0000000000000000000000000
(060000000000 000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000 [5. 00 [5/000PC
080000 PCOOOOODOOOONDNODOOOO
0000000000000000000
000000000000000000000000
0000000000000000000000000
000000 [70140000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000 2
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

oobObooooooooooOoooboboOoboocOoooono
oboobooooobooooobOobooboOooboOooooo
ooboOooooooooooooooooooooo
ooboooooooooobobooboboooooooboono
oobOoooooooooboooooooboooooboag
obobooooooboboobooboooooooooooao
oobodoooooboobooooooooooogd
oobooooooooooboooobOooobooooono
oobooooooooooooo
obooooooobOoooOOooo2000000
oooooooooooooboboOoooooobooo3n
oooOoooOoooDo4o00000000D0O0O0DObLO
oobooooooooobooobooooooooog
ooo0oe00O000O0O0OO0OOCOOOOOOOOOOO0
oooooooooooooooooovYoooooon
ooooooooooobooooog

2 00O0Od

000000000000000000Acka 0000
00000000000000 [11)000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000 [11)000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000Akea
000000000000000000000000
0oo

000000000000000000000000
Stamos 10 0000000000000000000
0[90000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000 [9)00
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000D0000000000000
Stamos 1000000000000000000000
Stamos 10 0000000000000000000
0000000000000000000000000
OO0Stamos 000000000000000000D0
00000000000000000000

000000000000000000000000
0000000000000000000000000
00000 [13,14000 [13)000000000000

— 81—



Oooooooo Vol. 5 No. 3 pp. 80 —91

01 booooooo

oboooobooobobOooobobOooooobonoooo
coboooobooobooboboobobooooooooo
cobooooooobbocOobobooooOoooboOoooo
coboodooooobooboooooooooooa
oooooooooooobobooobooooooooo
cobooooboooboooooooboobbooooo
coooooooo

00 [40000000000000000000O0
cooodooooboooooooboooboooon
ooooooooooooooo3ooooooooon
cobooooooobooooooboobbooooo
coboooooooooooOooobooboOobooooooa
cooboobooboooobOobOobobooobooooong
ooooooooooooboboooooooooooo
0o0o0o00oOoD 13,14 000000000 o0oD
cooooooboobooOobooooboooooo

e JODOOOOOODOODDOOOOODOOOOOODOO
oooooooooooooobooooooo

e JO0O0O0ODOOODOOOOOOODOOODOOONO
000000 [14000000D000o0ooDooo
cooooooboooooa

00000000 13,4 0000000000000
cooboooooboooooobooboobobooooon

3 0DO0O00on
31 DO0O0OO0O0OODOODbOOODOO

ooboobooboooobooooooooooobooooo
obooooooooooooooooooooodand
oobooooooobobooboboooobooobbooooo
cobooooooooooooobooOobooooooao
cobooooboobOoOooooobOoOoboboOoooo
coboodooooobooboooobooooooooa
ooooooooooooooooobooooooboooo

oobobooooooooooOoOoobooooooobooo
oooo
goooooooooooooooooooooodd

1. 01000000000000O0000CC00
o00o0ooo0ooooooooo Xooooo
Oo0YOOooooooo zooooooooo
goooooood

2.000000000O0O0DOOCODOO0OO00O0O0O
obooooboooboooooboooooboooon
oboobooooooooooooooooo
gobooboooooooooooooogn
oooooooooono

. 0o0oooooooooooooooooooon
ooooooooooooooooo3onoon
gooooooooooao

4. 00000000000000O0OO0O00O00D0O
ooooooooooooo 2000 ZOo00O0O
ooboooooooooo

32 ODODO0OOOO

000000000000000000000000
0000000D00000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000
()0Doooooooo
310000400000000000000000
0000000000000000000000000

1.300000000000
oobooooboooooooooooooobooon
oobooooooooooocooooooboooon
oo30ooooooobooooOn

2. 3000000000000 DODOO
Oo00oooooOooooooOooo3ooooon
oobooobooooocooooooboooooon
0o0o3000o0ooooooooooooon
gobooooooooooooooooooon
00o00oooooo 30oooooooooon
ooooooobooo

.000OOooooboo
gobooobooooobooooooooooobogoo
gooboooooooooooboooooo
000000 2000000000000000
goboobooooooooooboooboooon
oobooooooooobooooobooooo

— 82—



Oooooooo Vol. 5 No. 3 pp. 80 —91

qQ &2

1

02 0o0oooooooo

(2)00D00000DDOOOOD
0000000000000 0000O0O (14 o000

oooooobooboobbooobooooooooo

coobooooboooooooooooa

1. 000000000
coboobooooooooooooooogn
ooboooooooooooooooooobooo
cooooooooooooo

2.0000000000CO
cobooboooooooboooooooogno
oobooboooooooooooooogo
oobooooooooobooobooooooo
cobbooboooooooooooooooono
cobooooooobooobooobooooogo
oobooooooooooooooooogn
ooobooooooboooboooobooboo

J.0ooooooo
ooo200000000000000000O0~O
coooooooooobooooooocooooon

4 JOOoOooOoOood
41 300000000000

ooooo3booooooboooooooooooon
coboooobooobooboboobobooooboooobooo
coobooboobOobooboboboboOoboOoboOonDo
00000 (1)0o00D0D0o0o0o0ooOoooo POOD
00 d00000000 100000000 P;000
00 00000000 é0D0ODODOOOOOOO
O000ooO0o0o POOOOODOOOO

ld—d;| > 60 (i=1,2,3,4) (1)

oo0o0O0:0000010000000000000O0
cobobooooooboOobooOoooOoOoobOOoOoobooa
coobooooboooooooooooa

ooO0oo020000000000000000000
00100020 200000000000000A0

by 0.2
. ._.'.9,._“:.._ %o, °8

......

,ﬁr

03 3000000000000

oooooooobooob 10000300000o0o:0
0000000 A00DO0OO0O0OOD BOoOoOooooOo 20
000000 AU0DOOOOU0 COODOoUDOUOOOoUoOO
0000000000 AO0OO0OD0 100020000
ooboooooobooboooooooooooog
ooooooooooobobOobDoooooDbOoDOg
ooooo BO COOODODODOOOODOOOOOOO
O00oU0ooO0o0oooOooOooooOoo BOo cooo
oooooooooo 1ooo 20000000000
oobooboodoobooobooooooooooon
O0o0ooooo0oooooooooooooo BO C
oooooooooooooo3oooooooooon
O0o000O0o0oo0oO0oD A0oDOoUOooooooo
oobooboooooooooobooooogoooan
Oo0o00o0o0oo0ooooooooooooo 3000
ooooooooooooo
goboooooooooboooobOOooooooon
oO03000000000000o00ob0co0o0o0O 300
ooos3booooooboobooboooboooooo sooo
Oo0o0ooooo0oooooooooooo 30000
ooboobooooooooOooobooboOoboooooboono
oooooooo 33oooooooooooooooo

42 300000000D00DOOOOO

oo00oo0O300000000000000000O0
oooooooooo3boboooooooboooooon
goooooooooooooooooooooooos
ooboooooooooobooobobooooboooooa
oo0oooOoo0310000 10000000000
ooooooooooooooo30oo0ooocooooon
010 POOODOOCOOO 300000000000
oboobOoboooooobooboobocoobooboonog
ooopPOOOOOOOOOOODOODOOOOOOO
Ooo0o0POOOO0O0OO0OO0 200000000000
oobooooooooobooooooooooood
OooPOOOOnnOO3000000000000

— 83—



Oooooooo Vol. 5 No. 3 pp. 80 —91

v
W
b
¥
"
1
"
1
"
v
v
"
v
¥
"
"
1
P
"
H
.

B

C
¢
o

+

04 0OO0OO0OOOOOO

coboooooooboooooobboOobooboOooon
toboodoooooooooOooobooboOoooooooa
oooooooobooon
(h)oooooooooooo
Jo00oooo0oooooooocOoooo0on010oo
coO0oooobOooooOoOoOoobOOoOoooboOoOooo
000400300000000000 PoOOOOO
0020000000000000000400000
OPoO0OOOODOOODOOOOWxWOOOODOO
0001000000000000000 VyOOooo
ooooooO0 PpOOO P;00000000OOO
oooooooooooooo pPpOO0 PsOOOOO
0000000000 w;00000w, 00 (2)000

ooo
P, -P;

s 2 kS 2
P, P @)

u;

ooooooooooo vVvypbhooooooooooo
0000000000000 0O00O0DoOvVeOo (3)
gboboobobotbodnb0oboobOobOOobboobonn
ogooooo400000n=30000

n—1
1
Vo = E ; u; (3)

(2)000000000
300000000000000000000000
0000000000000 000000000000
0004000000 P, 0000000000000
000000 V;00000000000000000
0000000 V;0V,2,0000000000000
00 Opin 000 0mee 000000000P, 0000
oooooooo

Omin = min(acos(V; - Vit1)) (4)

u
o>
’

® "o "¢ ©

05 O00O0000oooooooo

P;
®© © © o

L(D)

00000400 QOOO0D00DO0O0O000000D0
00 100000000000 QOOO000000D0
00000000000000000000000 30
00000000000000000
(30000000
002000000000000000000000
0000000000000000000000000
000000 40000000 P,000000000
00000 WxWOOD0OO0O P,00000000 3
0000000000000000000000000
00000000000000 P,0000D00000
0031000020000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000 3000000000000000
0oo
0000000D000000000D0000000 3
000000000000000000000000 4
00000000000 P,0 QOO00O0 30000
0000000000000000

43 DO0OODOODOOOOO

000004200000000000000000
000000000031 0000200000000
0000000000000000000000000
0000000000000000000000000
0000030000000000000000000
0 30000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000

000000000000000000000000
000000000000D0000000000000
000000000 (500000000000 L(t) D
00000000 wOOL() 0000 pO00O000

Lt)y=ut+p (5)
OsS50000 pO0OO0O0DODODODOOwOODOO

000 L(H)00000000000000000000
Os00000000D00O00DOCO00DOOODOOO

— 84—



Oooooooo Vol. 5 No. 3 pp. 80 —91

06 ODO0OO0OOOOOOOOOOOOO

0000 P, 00000 P, 000000 L(t)000D0
000 P, 00 (6000000

P'i=((P;—p)-uwju+p (6)

ooooooooooooooooo p,000O0ooO
0L#O0D000O0D0 P,000000000000
000 F,000000 (mOODQOODOODOOROOO
cooboooobooooboooooboo

1 n—1

Ep =~ P, —P;? 7
L= L PP (7)
0000000000000000000 L(t)000
00000000000000 E; 000000000
ul pd00D000O00OC0uw0 pO0OOOOOOOO
D000000000000000000000000
000000000000000000 pOO0OOO0
0000000000000000000000000
0000000000000 wOO000O0000
060000000000000000000000
000000000000000000000 600
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0006000 A00DOO0OOCOOOOOODOOOO
00000000000000000000003.10
0002000000000000000000000
0000000000000 000000000000
0000000000000000000000 600
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 000000000000
Dooo0o0oooon

Co . & Ci
----- zu = - @ 9_6 U:_
2P Qe r
r.
A @ Q .
- "
) Q@

O7v 000000

0000000 r0o00oooooooooooooon
Uroo00ooo0oooooobooooooooonoa
ooooooooooooooooboooonD r0000
oobooooboooobooboboooooooboooooboa
oobboobooooooooOooobobooooboooooo
Ooooooe0OoOooOooooOooOooOooooDoon
ooooooooooooooooboo0 rooboOOO
Oo0000000oooooooooooo 60000
oobbooooooooooOooobooOooooooboono
obboobooooooooboooooooboooooa
000 700000000000 O0O0 POQOOOO
000000000000 OO 20 (Cy,Cy)ODODO
oboboobooooooobooobobooooooooo
oobboobooooooobOooooooboooooo
0020000000 (13,4 000000000000
ooobooooog

S Jooooooooon

gooooooooooobooboboooooooDo
oobOooboooooooOoocoboboOooooooboono
000000 GaOGHOOOUOOODODOOGaeO GbO
000000000000 00GeD GbOOOOOO
ooobooooooooboooooboooo

51 ODOO0ODODOOODO

000000000000000000000000
000000000000000

()oooooo
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000 GeO GhOOODOOOOD
000000000000 A0DD00O0000000
00

() 0000000000

00 (1)00000000000000000000
0[140000000000000000008000
0000000000000000000000000

— 85—



Oooooooo Vol. 5 No. 3 pp. 80 —91

D R
NﬁgxﬁmlmF

B_

08 ODOOOOOOOoooo

ocooooooDoOOOO0O LOoOODOO0OO Loooo
cobooooooobbocOobobooooOoooboOoooo
cooooooooobooocOooooocOooooboooon

ooooo0o0 Logoogooooooooooo
00000000 Logooooooc0wooooo
0000 XO0o0O0ooooooooo Looooooo
000000 FOOOOOOOOO0O Nupe OODOOO
Nun. 0 XO00OOOOD Z0000000000000
00 z00XOOoOooopoooooooooo Yoo
ooo

oo0o00ooooo0oooD N, Ooooooooo
000080000000ON,, 000D LOODOOO
ooooooboobooooooboboOoooboooono
ogoooooOoOo FOOOOOOOOOODODOODODOOO
0FO0O000P;0000P,000000P,0FO
000000000000 0000 Ep0O0 (8)00DOO

n—1

Br = P —Py) Nl (9
0000rO000 FOOODO P, 0000000000
00000000000000000 E,000000
0000 FOODOO P, 00000000000000
000 Ny, 0OOOOO

00000000000000000 GeO GbODO
00000000000000000000La0{La;li =
0,1,..m —1}0000 LbO {Lbj|j = 0,1,..n — 1} O
oooQ

52 DOOO0OO0OODOODOOO

0000 LhOOOOOLe00O0OOOO0OOOO
0000000000000000000000000
00 Le0LbO0OOD00D0O00O0D0000000O0
000 LeD000000000D0D0DO0000000
0000000000000000000000000
(La;, Lb;)00000000000

000000000000 (La;, Lb,) 00000000
0000000000 LeO0000000LeO LbOD
0000000000000000000000000
00000000000000000000 (Laj, Lb;)

La Ca,
Ca.o_/f/.“xx
H“\” - Cbo S C
) e \\\ b
— g
Lbp,

09 0oO00ooo

00000000000 LeODOOOOOOLaO Lb
obbooooooooobooobobooooooooa
oobooooooboobooooooooooog
00000000 LhOOOD LeOODOOOOODODOO
oobboobooooooooboooboooooooooo
oobbooobooooooooOoooooooboooooo
oooooooooooon

521 0000O0O0OOOOOO
000000000000000000000000
000000000000 O000000000000
000000000000 O000O000O000O00O
0000000000000 000000000000
90000000000000 (Lag,Lby) 00000
(Cag, Cho)d(Cay,Ch)) 00 OO0D0O0 (900000
000000 egistance 10 0000000000000
0000000000000

‘CbO - Ca0| S Edistance (9)
‘Cbl - Ca1| < Edistance

522 000000000O0O00O0O0O0OO

00 (140000000000 LeO LbOOODODO
00000000000000000000000000
0000000000000 000000000000
00000000000000000000LeO LbO
0000000000000000000000000
0000000000000000000000000
00000000000000000000 LaO LbO
000000000 €engsy 000000000000
0000000000000000000000000
0000000000000000

523 00000000
522000000000002000000000
n00000000000000D00O0O0RO000O
000 (La;, Lb;) 00020000000 (Lag, Lbe)D
(Lay,Lby) 000000 Lag O Lby 00 Lay O Lby O
0000000000000000000000000
000000 LeO0DODO0OOD0O0D0O00O00000

— 86—



Oooooooo Vol. 5 No. 3 pp. 80 —91

__..,_<

l
/ 1
1

010 ODOo0oooooooooo

cooooooooboooboboobobooooooobooa
coboodooboOobooOooooobOboOobooOooon
coooooooobobooooooooooooooag
ooooooboobooooooooooooooo
coooobobooooooboooooobocoooooooon
2000000000000O0DOOOOOOOOOO
cooooooooooooo

() 00Do0O0ooo0

0000000000000000000000000
000000000 100000000000 Lag0 O
00000D000Ly,O00D0000000000000
000000000000000000 LeO0D00ODO0O

(2) 0000000000000 0O0OOO0O0
cobooooooobboooooobOoOobooOooon
coboodooooobboobooooooooboooobooa
oooopoOooDpOooDoOoDoOoODOOD LhyOoOooo
oobooooooobooboboooobooobbOoooboo
coobooboobooboobooooobooboobooboDa
O000000000Lhy DODOO0O XOOOOoooo
000XO0O0O0OO0O0O0oo0000 LapD Le; 00000
0000 L O Ly DOODODODODOODOODOOOO
oooooo0o00 Le0000O0O000O00O0O0O 11
0000000 LwOODOOO XoOoooooooo
oooXoooooooooo ROT, 0000000
000MOODODODODOODOODOOO (10)DoDOoOoOO
goooOoOoOoOoOopoOoOoDOoODboOOoooOO ExOO
oooooooooooooooono R, 07,000
ooo

1 1
1 i i
= 1ZZ|C% — CaiMJ? (10)
i=0 j=0
0(10)0:0000000000000000000
Cv: 0000 LhOLh 000000Ca; 0000 LagO

La 0000000

53 OOOOODOOO

5200000000 DDUOODDbDUOODDbDOODOO
goboboobobooobooobbooobboon
ooboooooooboboooobooobbooboboo

Lb, /
La, —_—
HWIM

011 OO0Ooooooooooooo

0000 LhOOOO LeOODDODODODODOD0D0D00D0
00000000000000D0000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0()O0000000000000000000000
0000000000000000000000000
0000000000

00000000000D0000000000000
0 LhO0OODOOOO0DO0000D000000000
00000000 (R, R,,R,) 000000 ROODO
00000 (T,,7,,T,) 000000 TOOO05.20
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000ROOOOODO
0 TOOOOOD0521000000000000000
0000000000000000000200000
0000000000000000000000000
0000000000000000000000000
0000000000000000000 900000
0000000000000 (Lag, Lby) 0000000
0000 (Cag, Chy)D (Cay,Ch) 0000000 DOO
Le0000000000000000 ClabCa O
0 (11)000000

C/CLO = CaoR +T (11)
C/al = CalR + T

0000000000000000000000 200
0000000000000000000000000
0000 EcD0 (12)000000

nll

'S e -

zO]O

C'alf? (12)

o000ooooo0o0ooooo0oooon Ec0D0O0
0000000000 ROODOOOO TODOOOOO

— 87—



Oooooooo Vol. 5 No. 3 pp. 80 —91

013 0O0OB

6 Doood

000000000000000000000000
000000000000D0000D000000000
0000000001200 1300000000000
000000000000 ADBOOODOODOOO
00 00LMS-Z2100 [15) 000 00 0LMS-Z210 0 O
0000000 2n0350m 000000000 £2.5¢m
000000000000000 CPU O Pentium IV
34GH0000000 1IGBO PCOODOOODO
()0ooooooo

01400 15000000000000000000
00000D00000000000D000000000
0000000000000000000000000
000000000000000000000000
1400000 a0b0c000D00000000000
1500000 dde0fdg0h000000000000
0000000000000000
0100001400 15000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000 3

01 boobooooooooo

oo [ 4 (m) [ W [ Omaz (rad) [ r (m)

oooA
1 0.33 12 1.9 0.5
2 0.33 12 1.8 0.2
3 0.4 12 1.8 0.4
4 0.6 12 1.95 0.2
5 0.6 12 1.8 0.25
ooo B
1 0.5 16 1.9 0.15
2 0.13 16 1.9 0.2

02 0000000000

000 [0000 (m) [ 00 (%)

000 A
a 0.08 0.28
b 1.34 6.84
c 1.54 7.86

000 B
d 0.08 1.86
e 0.04 1.02
f 0.07 1.55
g 0.08 1.84
h 0.21 4.58

00000000o0oo0ooooooooooo éo
ooboboobooooooobooboobooboboooon
OO0000000000 Whon,ODrooooooo
obobobobobobobobob1l10ob0o0obo0oo
obooboobobooooooboooboobobooboo
0 =03(m)OW = 120 0445 = 1.8(rad)0 r = 0.3(m)
gopbooboboooboooboboooboooboo
ooooo 2000000000 1000000000
goood

020000140000 a0b0cO0 150000 dO
e0f0g0hO000000D0O0OO0OODOOOOOOOOOO
oooOooopDoO0o0oDbOoOooo0o 200000000
goobooobooobboobbooboboooo
oooboobooboooboobobobooboboooo
OO00O000O0O00OOoOoDOoOoDOoODDbD 20000 a
00000 doeOf0g00O000OODOOODOOOOOOO
goboooboobobooobooobboooboo
gobobooobooobobooobbooobboon
0O00Oo00oDoO00oDOoOoooooboboo 40000
obobooboobooooooboooboobobooboon
gobooboooo
(2)0000D00DOOO

01600 1700000 (1)ODDOOODODDOOOO
oboobooboboooooobooobooboboobooon
gboboboboooooobooboobobOoobooon
000 1600000 ADDDODODOOOOOO 1700
gogbobooboboooboboobbooobooon
opoooo

— 88—



Oooooooo Vol. 5 No. 3 pp. 80 —91

03 bDoooooooooooono

oo [ A (m) [ Elength (m) [ Edistance (m)

ooo A

1 4.0 0.4 0.5

2 4.0 0.4 0.5

3 4.0 0.4 0.5

4 4.0 0.7 0.7
ooo B

1] 40 ] 0.3 [ 0.3

04 00O00O0OO0OO0OODO

00 [oo [ 0 Jooo [oo [oo0o [00m
ooo A
- 1 [ 502935 6 - - -
1 2 | 362112 14 8 2 0.17
2 3 | 509256 3 29 5 0.10
3 4 | 403803 3 46 5 0.19
4 5 | 381706 10 555 5 0.21
000 B
- 1 | 328814 13 - - -
1 2 | 343766 7 644 5 0.11

05 bDooboooooooo

00 [00(s) [ 00 (MB) [ 0000 (MB)

0ooo A
1 0.10 133.86 14.86
2 0.36 203.44 15.07
3 0.56 259.24 15.19
4 6.75 311.74 15.58
ooo B
1 7.78 106.96 14.82

030000000000000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000000000000000
0000000000000000000ADODDOO
0000000000000 000000000000
0000000000 €engtnl €distance 1000000
000000 % 000000000000 (1)0000
00000000000 A= 4.0(m)0eengn = 0.4(m)0
Edistance = 0.4(m) 00 00000000000000
0000020000001 000000000000
oooo

01800000 [1400000000000000
0000200000000000000000000
0000000000000000000000000
01600 170000000520000000000
0000000000000 000000000000
ooQ

(300000000
0400000 A0 BOOOOOOOOOOOOO
00000000000 40000000000000

00000000 AO00O0OOOO0OooOoOOoO0oooo
ooboobooooooobooobooooooooono
ooooOoooOoooooooOoooD 4000001
02000000000000000000000O0O0O
0000000000000 DO (0O 1+2)0000
joooooooooOooooooOooooooobooo
0000000000000 [1B)Dooooooooo
oobooooooboboobbooooooobooboooo
ooooooooooo40000000000000
oobboooooobOoobboOoooooobooOoooo
ooboodooooooooboooooooooooa
0000000000000 000O0 1B]COo0O0onDO
ooo

0s50000000000000000O0O0O0O0OAO0
obboobooooooobooOoobooooooooa
oob0s000000D0000DO00DOO0ODO0OO
ooboobooooooooooobooobooooono
ooboooboooooooobooboooooooooooboa
oobbooobooooooooOoobocOooooooboooooo
oobobodoooooooboobooooooooono
ooboooooooooobooobooooboooog
ooboooooobooobboooooooboooooa
oooo

( ggg

gooooboocooooobooobooOoooooonn
oobooooooooobbooooooobooooog
oooooobooooboooobooooboboooonoo
ooboooooooboobooboboooooooDoono
ooboocoboooobooobobooooooboooooo
ooboooodoobooobooboOoooooobooOoooa
oobooooooooooooooboOooooooDooo
ooboooooooooobooboboooooooobog
oobOooboooooooooobooooooooono
ooboooooobooobboOooooobooOoooa
oooooooooooboooboooooon

goboooooooooooboooooooooooDo
obobooboooooooooobooooooooono
0000000000000 00000Stamos OO0
ooboooooobooobooboOoooooobooOoooa
ooobooooooobooooooooooo

0

goobobooobooobbooobbooobo
0000000O00oOooooo (B)163000210000
gpooo

— 89—



Oooooooo Vol. 5 No. 3 pp. 80 —91

oood

(1]

2]

(3]

(4]

(5]

(6]

[7]

(8]

P. Besl and N. McKay, ” A Method for Registration of 3-
D Shapes, "IEEE Trans. Pattern Anal. & Mach. Intell.
Vol.14. No.2. pp.239-256, 1992.

Y. Chen and G. Medioni, "Object Modeling by Registra-
tion of Multiple Range Images, ”"Image and Vision Com-
puting, Vol.10, issue 3, pp.145-155, 1992.

Turk G. and M. Levoy, ”Zippered Polygon Meshes from
Range Images, "SIGGRAPH’94, pp.311-318, 1994.

B. Curless et al. ”From Range Scans to 3D Models, ” Ap-
pears in Computer Graphics Vol.33. No.4, 1999.

K. Ikeuchi, A. Nakazawa, K. Hasegawa and T. Ohishi,
?The Great Buddha Project: Modeling Cultural Heritage
for VR Systems through Observation, "IEEE ISMARO03
pp.7-17, Tokyo, Japan, Nov. 2003.

N. J. Mitra, N. Gelfand, H. Pottmann and L. Guibas,
?Registration of Point Cloud Data from a Geometric Op-
timization Perspective, ”In the proceedings of Symposium
on Geometry Processing 2004, pp.23-32, 2004.

V. Sequeira, J. Goncalves and M. Isabel Ribeiro, ”3D
Scene Modelling from Multiple Range Views, ”Proc. SPIE
Conference Videometrics IV (part of Photonics East’ 95),
Vol.2598, pp.114-127, 1995.

A. Johnson and M. Hebert, ”Surface Registration by
Matching Oriented Points, ”In Proc. Int. Conf. on Recent

e
R [\f | (‘f““
L R,

RES Few e
e i uF 5 ; e \]
= - S 19
JEE ﬁamr::. !

(c) J71m 3 (d)

J7 1

[10]

(11]

(12]

(13]

[14]

[15]

Advances in 3-D Digital Imaging and Modeling, pp.121-
128, May 1997.

I. Stamos and M. Leordeanu, ” Automated Feature-Based
Range Registration of Urban Scenes of Large Scale, ”IEEE
International Conference of Computer Vision and Pattern
Recognition 2003, WI, Vol. II, pp.555-561, June 16-22
2003.

Y. Sun, J. Paik, A. Koschan and M. Abidi, ” Surface Mod-
eling Using Multi-View Range and Color Images, ”In-
tegrated Computer Aided Engineering, Special Issue on
Multi-Sensor Image Processing Techniques and Systems
Vol.10 No.1 pp.37-50, 2003.

D. Akca, ”Full Automatic Registration of Laser Scanner
Point Clouds, ”Optical 3-D Measurement Techniques VI,
Vol. 1, pp.330-337, Zurich, Switzerland, 2003.

Kwang-Ho Bae and Derek D. Lichti, ” Automated Registra-
tion of Unorganised Point Clouds From Terrestrial Laser
Scanners, "ISPRS 2004, pp.222-227, Istanbul, Turkey,
2004.

T. Konno, K. Konno, T. Fujimoto and N. Chiba, ”Point
Cloud Registration Based on Feature Lines Derived from
Depth Difference, ”International Workshop on Advanced
Image Technology 2005, pp.499-504, Jeju, Korea, 2005.
T. Konno, K. Konno, T. Fujimoto and N. Chiba, ” Auto-
matic Point Cloud Registration Based on Feature Lines,
?NICOGRAPH International 2005, pp.141-146, Morioka,
Japan, April and May 2005.

http://www.riegl.com/

(e) J7Im 5

014 0000D00000000o00oO A0

(@) J5im 1

(b) Jyin 2

015 00000000o0o0o0oO0ooo BO

— 90—



OO00ooooog Vol 5No. 3 pp. 80 -91

(@) iR (b) sip¥

016 0000000000000000000 AO

(@) Ffo (b) gt

017 00OoOoO0OO0OO0oO0O0oooOoOOO0O0ooon BO

018 OO 140000000000

— 91—



