Vol. 0 No. 0

ooooooooo 1959

oboooboobuobuoboboooboobgd

oo @o)oot

o o o oft

go0000o0oooooooooOOoOO0OOO0OOO0O000000000000000000000
goooooooooooooooooooOoboOoOOOOOOOOOO0O0OOOoOoooooooo
gdooooooooooooooooooobooOoOoOObOObOOObODOODOooooooooooo
gooooooooooooooooooooooOoboboOobObO0o0o0ooboooooooooo
goooooooOooOoOo0oooooooooooooooOoOoOoOOO0ObOOOOoOoOoOoooooo

oooooooooobooo

Range Image Registration Preserving Local Structures of Object Surfaces

IKUKO SHIMIZU OKATANI' and AKIHIRO SUGIMOTO*

We propose a registration method for range images that preserves local structures of object
surfaces. The method introduces shape patterns and a skewness of correspondences, both
of which are extracted from the local surface nearby a point of interest in each image. The
shape patterns of local surfaces are used to eliminate false corresponding pairs of surfaces,
while the skewness of correspondences is used to estimate the transformation that relates the
coordinates between different range images. These two features enable us to estimate the
transformation that preserves local structures of object surfaces.

1. 0000

0000000 3000000000000000
000O0O0CAD/CAMOCGOOOOOOOOOOO
0000000000000 00D030000000
00000000000000000%:10:10:20.2490
3000000000000000000000
0000000000000 00000000000n
00000000000 D0000000000000
00000000000 D00D00D000000000n
000000000000 000000000000
000000000000 000000000000
000000000 000000000000000
0D00000000000000000000000
0000000000000 D00000000000
000000000000000000000000
0oooDooon

000000000000 00000000000
000000000000 000000000000n

+o0ooooo
Tokyo University of Agriculture and Technology
00000000
National Institute of Informatics

goooooooooooboooboooooooboooo
gooooboooooooooobooooooobo
goooooboooooooooboooooooboobo
gooooboooooooooooboooooobo
ggbodbooboobooboboobobbono
gooboooooooobooooooooooooa
gobobooboooooobooooooobooooooa
gooooooouoooobooooocoooooboooboa
gobooooooooooooon

O0OBeslOY 000000ODOOOOOOOOO
goo3ooooooobooooooooooboooboo
00 00 0 OIterative Closest Point (ICP) OO0 OO
gooooIcpogoooOooooooOoOoooooo
gooboooooooooooooboooooboobo
gobooobooboobobooboboboooo
goobooboooooooooooooooooboooa
goboboooooooobooooooooooooboa
goooooooooooocoooooboooboba
gboooooooobooboobooboboooooo
gooooooooooboooobocooooobooboo
gooboobooooooooobooboooooboooboo
ooboooooooboooooob

goIcpo0oOoooOoooOoOoooOoooOoooO



2 ooooooooo 1959

Oo00oooooo®819~190 zhang?® 00O
00000000000 D00D00D000000000n
000000000000000000000000
0000000000000 00000000000
O0000O00Chen0? 0000000000000
0000000000000 00D000000000
0000000000000 00TwkO? 0000
000000000 000000000000000
00000000000 D00D00000000000
00000000000Masuda'® 00000000
000000000000 000D000000000
000000000000 000000000000
00000000000 0000000000000
o492 0pgpo0o000000000O00oOn
000000000000 000000000000
0000000000000000000000000
Godin0” 00000000 DOOOOOODOOO
0000000000 00000000000000
000000000000 000000000000
0000000000000 00000000000
000000000000 000000000000
00000000000 D00D00D000000000n
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
00D00000000000000000000

00000000000000000000000
0000000000000 00000000000
0000000000ICPODODODODODOD
0000000000000 00000000000
000000000000 000000000000
0000000000000 00000000000
000000000000 000000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000 00000000000000
000000000000000000000000
000000000000 000000000000
0000000000000 00000000000
000000000000 000000000000
000000000000 000000000000
000000000000 000000D000000
0D000000000D00D00000000000
0000000000000000000000000
0000000000000 D00D000000000
0000000000000 00000000000

Range Image 2 Range Image 1
u u

M B M
v

N

01 0Dobooo0oooooo0o00ooooOoO0o0o0oooobooOoon
ooo

goobooooouoooooooocooooobooboa
gooooooooobooboobooooboooo
gooobooooooooooboooooooboooo
gobooooooooooo

2. 0000OO00OO0oOOO0bOOoO0o0oO

2.1 00000

00000:0000000000 (u,0) 000
oooooooood «(wo)(u = 1,...,N;v =
1,...,M;i=1,2)0000000000 «*(u,v) 00
i000000000000D00000000000
0D00000000000000

00D0000000000000D00000000
000000000000000000000000
000000000000 000000000000
0000000000000 00000000000
0000000000000 D00D00000000Dn
0000000000000 00000000000
0000000000 00000000D0000000
0000000000000 D00D00000000n
oDoooon
00D0000000D00D000000000000
0000000000000D00000000000
000000 100000000000000000
00000000D0000000000000000
0000000000000 0°000000000
000000000 000000000000000
00000000000 D00D00D000000000
0DOoo0oO00oonog

Y 00000000000 00000000000000000
goo0o0o00000000000O000000D000DO
0000000o00ooooboooooooooooooooao
000oooooooooooooooooooobooooooo
goo0obO0o0000000D0O0O00O0O00O000000DO
goboooooooooobooooooOoObOOoOO0OO0O0a0
goooooOooOooooOoO0oOoOoOooooboooon



Vol. 0 No. 0

2.2 0000000000 O0OO0OO

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 (00000)000000
0000000 (00000)00D00000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
0000000000000 2(u,v) 000000
00 (uv,v) 000 800000000000 &' (ust
ko) (k1=0,1)000000000000000
00000 Hi(u,v) 000000 Ki(u,v) 0000
0%0

; LN — M?
Kww) = —pe
Hiu,) = L LG+ EN = 2FM

2 EG — F?
UODOOE,F,G,L,M,N OOz (uv,v) 000000
000000000 n'(u,v) 00000000000
oooog

) 2 . T )
B Oz (u,v) CFP= oz’ (u,v) Oz (u,v)
ou ou ov
Oz (u,v)
G =
ov ’
i T [9%ai (u,v) |
L= [n (u, v)] 5z |
) [ 92,0 1
M = ['rl,"“(u7 v)]T 9@ (u,0) Z (u,v) ,
i udv |
; T [92ai(u,v) ]|
N = [n oy
[n (u, v)] _ 502 |

000000000 Ki(u,v)0 Hi(u,v) 0000

|

gobooooooooooooooooobooooo 3

01 00000000oo

K>0 K=0 K <0
H>0 O ooo O
H=0 oo oo
H<O0 ] ooo O

02 0000000000O000000

T (2! (u,v))

03 DO00O0D0000000D000 200000

000 10000000000000000000000
060000000000000000000K =00
H=00000D0000000D 000000000
000000000000000000K =0000
H=00000000O0O00O00O
00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
2.3 000000
00000000000000000000000
000000 700000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000
0000000000 00000000 2 (u,v)
0 2’/,v) 000000 200000000
T(x'(u,v))0000 2*(x/,0) 000000000
0000000000000 0000000000
00007 (z'(w,0)) 0000000000000



4 ooooooooo 1959

0000000000000000000000
s(T (2" (u,v)),2*(/,v)) 000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
ooo
00000000000000000000000
0000000000000 00000000000
000000000000000000000000

gboboobooooobooooboooboobooooa

00000000000D0000000000000
000000000000000000 (0 3)000
000000000000000000000000
000 (b)00000000000000() 000
000000000000000000000000
000000000000000000000000
000000000000000000000000

00 () 0000000000000 000oDooo

000000000 ()0 (b)00D0000000n
000000000000 00000d (a)d (b)O
UD00()OO0OD0O00D000O000O0ooon
000000000000000000000000
000000000000000000000000
oooo

00o000D0000%® 00000000000
0000000 s(7 (2! (u,v)),2*(v',2)) 00000
oo

I 1 (9ca dcy 1 (9cax dey
oz 2\ oy T o2 2\ T o2
de ) dc dc )

—_ |1 Yy [ y 1 y Ccz
5= 2(81+6y Jy 2 82+8y)
1 (dcz deg 1 (dcz Ocy dcy
2 \ oz 9z 2 oy 9z 9z

0000000000000000 (u,0) 00000
0000 2'(u,0) J0000000 ¢ = (¢, cy,¢2) "
000S000000(w,v)08000000000
00000 a'(utko+l)(k1=0,1)000000
000000000000000000000000
0o0o0DoO00o0O00oO
00000000000000000000000
0000000000000 00000000000
0000000000000000000000

3. 0O00OO0O0OoobooOooOoooooooooon

gooooooooooOooooIcpoooooOonO
gooobooooooooboool1ocoooooooo
gooboooooooooooooo 2000000
gooboooooooooooooooobooboobo
goooooooooooboooooboooooooboo

000000000000 000000000000
0DoooOoooono
00000000 «'(u,v) 0000000000
(u,0) 0 80000000000 = (utk,v£l) (k1=
0,1)000000000000D0000000000
00000000000 (0 100)00000000
0D000000000000000000000
3.1 0000000ODOO00ODOO0O0O
00000000000 700000000000
0000000000000 D00000000000
0000000000D000D00000000000
0000000000 10000000000000
00000000000 0000D000000000
00000000 1000000000000000
000020000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 D00D0000000OD
000000000000000000000000
0O0000000000000000% 000000
0000000000000 D00D00000000n
000000000 00D0000000000000
000000000000000000000000
0DO0oO0oo0oOoooooo
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
00000010000000000000 2000
0000000000000 D00D000000000n
0000000000000 00000000000n
0000080000000 0000000000nO
00D00000000000000000000
100000000000 7T(x*(w,0))0 2000
00000000000 «*(u*,0*) 00000000
0000000000004000002000000
00000 2%(w*,»*)00000000000000
0002w, v 02 (u* +1,v")0x?(u* +1,0" +1)
030000000002*(w*,v)dz?(u*,v* +1)0
2?(u*+1,0*+1)0 3000000000000100
000000000 7T(e'(u,v) 000000000

U gpooooooooooo®® oooooooooooo
000D00000000000000000000000DN
000D00D0000000D000000000000Dn
0D00D00000D000000000N00NNNNoonD
0000D00D0000O00000O



Vol. 0 No. 0
Range Image
w* ut 41

zZ(U* +1,v" +1)
z2(u*,v* +1)

04 00O wz(u*,v*)DDDDDDDDDDDDDDD

000D0000000000000000 7 (2! (u,v))
0 «2?(v*,0")000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000003000003 00000000000
ooooooooon

3.2 000O0OO0OD
00000000000000000000000
07000000000000000000000
0ooooooo

0000000000 700000 J(7)000
0000000000

J(T)=(1-a)Js + aJq. (1)
0D000J,0000000J,0000000000
O0ae0O J,0 J,00000000000
000000000000000000000000
0000000000000 0000000,002%
0000 J, 000 J,000000000 2 (u,v)
0 2%(/,v)00000000000J,0 J;000
Ooooooooon

Jo = pls(T(@' (u,0)), 2 (u',v')), 5],

Ja= Y pld(T (! (u,0)), 2" (', ), dy).

0000s,0d,0000000000000000
0000pit,+ 0000000000
t2

P[E’Y]ZW-
0000000000 a'(u,v) O 2?(w/,0) 000
d(T (x*(u,v)),2*(v/,»)) 000000000000
000000000000

J;0 J,0000000 «0000000 000

gobooooooooooooooooobooooo 5

000000000000000000000000
00000000R00000000000 a, 00O
0o0oooooooon
1 o0, ,00

anzim—n/m—o. (2)
0000m,0 e, 0000000,000000000
0000000000000 d(7 (2! (u,v)), 2%(u',v"))
O00000000000000me0 oo 0000
0000000000000000000
00000000000 «00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000 (000
00000D000)000000 J,000000
000000000000000000 Js0000
00000000000« 000000000000
000000000000000000000000
0000000000000000

4. DO0OOOO0ODOO

00000000000000000000000
000000000000000
Step1: 10000000000000000000
000 (u,v)0000000000800000
00000 3x30000 a*(utk,vtl)(k, 1=
0,1)0000000000000000000
000 1000000000
Step2: 1000000000 70000000
Step3:0 (1) 00000000000 O00O0
00000000000000 Step 400
(a) 0DOO0ODODOOOO0OOOOOO0OOO0
(i) 1000000000000
x'(u,v) 000000000000
000000000000000
(i) 0000D00O00000000
000000000000000
oooo0o00000000000
(b) 0DODOODOOODOODOOODOOD
O0Step 3(2)ii0 0000000000



6 ooooooooo 1959

o00 (H)oooooooooooo 7T
oobooo
Step4: 000000 ODOOOODOOOO 7OO
gobooooboooooboooooo

5. 0 O

5.1 000DO0O00ODOO
05()0000200000000000000
0000000000000 00000000020
0OyOOOODOO [-10,1000000000 2000
0000000z = 20(sin(z)sin(y)/(zy) + 1) OO
000 ,00000000000000000000
020000000200000000000000
0000200000000000000000000
:00y00z00000000000000000
000000000000000000000 200
000000000000000000 5Mb)0000
00000000000 0020000000000
00000000000D0000000000000
00000000000 D00D00000000000
000000000000 0000000018% 00
00000000000 D0000000000000
06000000000000000D000D0O00
00 (z€[2,8,y€[-3,3]000)0000000
001000000000020000000000
000000000000000000000000
000000000000 000000000000n
000000000000 (D0000000000)
0D00000D000D0°000000000000
0000000000000 00000 00000
00000z000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
ooooon
000000000D00D000000000000
0000000000000 000000000On
0000 (0 708)000000000000000
() 000000000000 a=1000000
000000000000 000000000 (00
0000000000ICPOOOOO0OOOODOOO
00000 TwkOOOOOOOOO?® 000000
000000000000 pO00000D00O0OOOD

Y 0000000000000 000000000000000
goo0ooOo0oo0oo0o0ooboooooooOo0oo0oO00o00o0oOo
oo

0000000000000 D00000D00000Dn
ooooooooo)o

0000000000000 0000000000
0000000000000 60000000000
00000000000 D00D00D000O00000Dn
0o0o0Do00c 00000 700000000000
0D00000000000000000000000
0000000000 00000000000000
00000000000D00D00D000000000
0000000000000 00D000000000n
0000000000000 00000000000
000000000000000000000000
00000000000 0000000000000
00000000000000000 «000000
0D0000000000000
0800000000000 DDODOODO JO
000000000000000000000000
000000000000 D00 600000000
0DO008000z000000y 00000000
000000000 JOOOOOO0OO0O0O() D000
O0(MOD000000000000000000
00000 (b)) 00000000000 () 0000
000000000000000000000000
000000000000 (b)DO0000O0O0On
0000000 G(R)DO0O000000000000
00000000000D00D00000000000
000000000000000000000000
0D000000000000000

5.2 000000000
000000D0000D000000000000
U00O000 LDIOO PS-3300C(0 9)00000O
000000000000 000000000000
000000000000000 300000000
000 100000000000000000000
10() 0000000000 Ood)o0Oooonoooog
00000000d) 0000000000000
o0oo0ooDoo
0D000000000000000000000
000000 TwkDODOOOOODOO?® 0000
0000000000 p00000000D00D00D
000000000000000000000000
000000000000 000000000000

"0 gooOoO00000000000000000000000
go0o000000000000000DO0O0O0O0O000DO
o0o00o0o0o0ooooooooooooooOoOOoOO0O0O0a0
goooooooooooooo



Vol. 0 No. 0

Range Image1 (Initial) ]

I
Range Image?2 -

= A

=N

(a) before registration

Range Irna'ge‘l (Registerd) =
ange Image?2 -

10 15716
(b) after registration
05 0000000000000

Range Imagel(Initial) o
Rangé Image2

consistent correspondences

eliminated correspondences

06 0000000000 0OOODOOOOOOODO (DOOOOO
0oo0o0ooooooo)o

With SKewness ——
WIthOUt Skewness

w

franslation error
N

o
C o =< w N w W o s

o

Bl 2 B a 5 &
Number of lterations

07 0000000000OO0O0000000O00000000D0

0000000 (00000000000000000000
0o0)o

00000000000000000000000
0000000000000000000 80000
00000000000000000000 2000
0000 10() 0000000000 11000 10(1D)
000000000000 12000 10(II) 0000
00000000 1300000000000000

gobooooooooooooooooobooooo 7

2 el

[pixel]

-2
(a) with the skewness

2 Y Ipixel]
o 5 8

2
> X

[pixel]

(b) without the skewness

08 O00D0000O00O0O0OO0O0O0OO0O00DOOO0O00DO
0000000 JOooo (Doooooooooooo)o

Moo

010 000000 3000000000000O0

)oooo  JINoooo

0000000000 20000000000000
000000000000000000 (a-1)0 (a-2)
00000000000000(b-1)0(b-2)0000
00000000000000(c-1)0(e-2) 0000
000000000000000000000000



8 ooooooooo 1959

¥

(a-1) initial (a-2) initial

¥

(b-1) our method

(b-2) our method

s

(c-1) without skewness nor
shape pattern

v

(d-1) without skewness

(¢-2) without skewness nor
shape pattern

(d-2) without skewness

011 0 10(I)000000000000O00O (1000000
0o00o0o0OD0200000000000000000)0

0000(d-1)0(d-2)00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooo

000 (*2)00000000000000000
0000000000 (a2)00000000000
000000000000000 (b-2)000000
000000000000000000000000
00000000000000000 ((c-2),(d-2)) 0
000000000000000000000000
00000000 (0 10(I0) 0000000000
12000000000000 (b-2)00000000
0000000D0000000000 (-2)00000
000D000000000000000 (d-2)000
000000000D000000000000000
000000000000000000000000
00000000000(d-2)00000(c-2)000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

(a-1) initial (a-2) initial.

(b-1) our method (b-2) our method

i

2

(c-2) without skewness nor
shape pattern

(c=1) without skewness nor
shape pattern
g.

(d-1) without skewness - (d-2) without skewness

012 0 10(I) 000000000000 0O0O0OO0 (10000
0oo000000200000000000000000)0

(a-1) initial (a-2) initial

.

(b-1) our method (b-2) our method

%‘

(c-2) without skewness nor
shape pattern

(c-1) without skewness nor
shape pattern

(d-1) without skewness (d-2) without skewness

013 0O 10(I)0DO0O0OODOO0ODOODODOODDOD (10000
00000000200000000000000000)0



Vol. 0 No. 0

000000000000000000000000
000000000000000000000000
00(b-2)00000(d-2)000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
0000000 1101201300000000000
(0000D0000000D00)0000000000
000000000000000000

giloooboodooooooooooooooboogoo

00000000000000000000 1400
000000000000000000000000
000000000000000001000000
000000000 1500000000000000
MOoINOJI D00 (0000000000000
00000)0000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000D0000000000000
00000000000000000000000
000000000000000000000000
00000000D0000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000
01600000000000000000000
0000000 JO0000000000000000
101)000000000000000000000
00O00000@)D) 000000000000
00000000000000000000000 20
000000000000000000

6. 0O 0O O

goooobooooooooooooooobobo
ooooooooooobooobooooobooooo
gobooooooooo

gobooooooooobooooooooobooboa
gobobooooouooooocoooooboobooooa
goboooooboooooooooocooooobooa
goooboooooooooooooooboooobooo
gooobooooooooocooooooboooooboo
goooooooooooboboooooooboooboo
goooobooooooooooooooboooDobo

gobooooooooooooooooobooooo 9

planar planar
ex planar convex planar <
concave planar =

-zo0

convex a

(I11)

014 000000O0O0O0O0O0OO00O00OO0

planar - planar
nvex planar <

plan: convex planar =
convex = concave planar =

o Al
o

)

planar
nvex planar <
concave planar =

(111)

015 000000000000000D00000000000D0
ooooooooooo

(I) doll ——
(II) house
(D) bear

Values of J

o 5 10 15 20
Number of Iterations

016 00O000O0O0OOOOOODOOOODOO JOOODO
ooooooooo

goooobooooooooooooooooboooboo
goooooooooooooooooooobooo
gobobooooooooooobooboooooboooboo
goooooooooooon
gobooooooooooooooobooboobo



10 ooooooooo 1959

gooboooooooobocoooooobooboooa
gboobcoobooobooboooobooobooobooo
goboboooooooobocoobooboooooooboo
gobobooooooooooooooooooboooboo
goooooooooooboboooooooboooo
oooooooobooooooobooooooboobo
goooooooooobooooooooooooo
goobooooooooooooboooooDbonbo
goobooboooooooooboooooooood
jdddddddddodoooooooooooooa
gobobobooooooooooooooboobooooa
goobooooouooooocooooobooobooa
gooocoooao

gobooooooooooooocoooooboooo
gooobooooooooooooooooooboooboo
oboboooosoooooooooooooo
gooooooooooobooOoboooooboobo
gooooboooooooobobooooooDbooo
gobooboooodooobooooobooooooooa
ooooboooooooooocoooooooa
goooooooooobooobooooooobooboa
goooboooooooobooboooooooboooo
gooooooooooooooboooooobooo
gobooobooboooooooooocoooooboooo
ooooooooooooooooooooobooboo
gooooooooooobobooboooooboobo
gooooooooooooooooooobonbo
gooooboooooooobobooooooobooo
gooooooooooboooooobooooood
gooooboooooooobooboooooooooa
goboooboooouoooobooooboooooobooboo
gooobooooooooooooooobooobooooa
gooooooooooobooboooooooooo
goood

00 000000000000000 (No.13224051,

No0.14380161, No.16650040) 0 O 0 O

g o 0O 0O

1) Besl, P. J. and McKay, N. D.: A Method
for Registration 3-D Shapes, IEEE Trans. on
PAMI, Vol. 14, No. 2, pp. 239-256 (1992).

2) Chen, Y. and Medioni, G.: Object Model-
ing by Registration of Multiple Range Images,
IVC, Vol. 10, No. 3, pp. 145-155 (1992).

3) Dorai, C., Wang, G., Jain, A. K. and Mer-
cer, C.: Registration and Integration of Multi-
ple Object Views for 3D Model Construction,

IEEE Trans. on PAMI, Vol.20, No.1, pp.83-89
(1998).

4) Feldmar, J., Ayache, N. and Berring, F.:
Rigid, Affine and Locally Affine Registration
of Free-Form Surfaces, IJCV, Vol. 18, No. 2,
pp. 99-119 (1996).

5) Forsyth, D. and Ponce, J.: Computer Vision
— A Modern Approach, Prentice Hall (2003).

6) Gelfand, N., Rusinkiewicz, S., Ikemoto, L. and
Levoy, M.: Geometrically Stable Sampling for
the ICP Algorithm, Proc. of 8DIM, pp. 260—
267 (2003).

7) Godin, G. and Boulanger, P.: Range Image
Registration Through Invariant Computation
of Curvature, Proceedings of ISPRS Workshop
From Pizels to Sequences, pp. 170-175 (1995).

8) Guest, E., Berry, E., Baldock, R. A., Fidrich,
M. and Smith, M. A.: Robust Point Correspon-
dence Applied to Two and Three-Dimensional
Image Registration, IEEE Trans. on PAMI,
Vol. 23, No. 2, pp. 165-179 (2001).

9) Huber, D. and Hebert, M.: Fully Automatic
Registration of Multiple 3D Data Sets, IVC,
Vol. 21, No. 7, pp. 637-650 (2003).

10) Ikemoto, L., Gelfand, N. and Levoy, M.:
A Hierarchical Method for Aligning Warped
Meshes, Proc. of 3DIM, pp. 434-441 (2003).

11) Ikeuchi, K.: Overview of CREST Digital
Archiving Project — Digital Archibing of Cul-
tural Heritage through Obesrvation, Proc. of
International Sumposiun on the CREST Digi-
tal Archiving Project, pp. 315 (2003).

12) 0000, 0000: 0000000, 000
(1990).

13) OO000,0000,000,0000:0000
0oo0oboobooooooo,ooooooo
00, Vol. J75-D-TI, No. 4, pp. 737-748 (1992).

14) Krsek, P., Pajdla, T. and Hlavac, V.: Differ-
ential Invariants as the Base of Triangulated
Surface Registration, CVIU, Vol. 87, pp. 27-38
(2002).

15) Masuda, T.: Registration and Integration of
Multiple Range Images by Matching Signed
Distance Fields for Object Shape Modeling,
CVIU, Vol. 87, pp. 51-65 (2002).

16) OO0O,0000: 0000000000000
gooboooooboboo,0opboooobo
00000 00000, pp. 11-247-252 (1996).

17) 0000, 0000: 00000000000
gobooooobb,boooboboooag,
Vol. CVIM-137, No. 5, pp. 35-43 (2003).

18) 00U0O0,0000,000:00000000
goodbOo30booooooo,ooooooa
0000000 00000, Vol. II, pp. 269-274



Vol. 0 No. 0 gobooooooooooooooooobooooo 11

(2002).

19) 0000,0000,0000,000,0000:
pCOO0OO0ODODOODOODOODOODOODOODO
0o0o,0000000000, Vol. CVIM-137,
No. 4, pp. 27-34 (2003).

20) Rousseuw, P. J.: Least Median of Square Re-
gression, J. American Stat. Assoc., Vol. 79, pp.
871-880 (1984).

21) Sagawa, R. and Ikeuchi, K.: Taking Consensus
of Signed Distance Field for Complementing
Unobservable Sruface, Proc. of International
Sumposiun on the CREST Digital Archiving
Project, pp. 127-138 (2003).

22) Schouten, J. A.: Tensor Analysis, 2nd. ed.,
Dover Pub. Inc. (1989).

23) Sharp, G.C., Lee, S. W. and Wehe, D.K.: ICP
Registration Using Invariant Features, IEEFE
Trans. on PAMI, Vol. 24, No. 1, pp. 90-102
(2002).

24) 0000,0000000000,0000,00
go:gbobboooboboooobboooboo
goobobobooooooobo,boobooooo
0000000 00000, Vol. I, pp. 177-182
(2002).

25) Turk, G. and Levoy, M.: Zipped Polygon
Meshes from Range Images, ACM SIGGRAPH
Computer Graphics, pp. 311-318 (1994).

26) Zhang, Z.: Iterative Point Matching for Reg-
istration of Free-Form Curves and Surfaces,
1JCV, Vol. 13, No. 2, pp. 119-152 (1994).

(0o?0°?07000)
(0o?0?07?000)

00 (00)0000000

1994000000000000
00001999 000000000
0000000000000000
0 (00)0000000000000
2004 0000000000000
000000000000000000000000
0030000000000000000000000
IEEE-CSOO00000

00 0000000

1987 000000000000
000. 1989000000000
00000000 (0O00oo0).
00,0000000000000.
199100950, ATRO DO, 1999
0000000,2002000000000000,0
000D0.00(00). 00000000000000
00000000000000,000000000
00000000000000000.20010000
000000. 00000000,00000000
ooooo.




