gobobobooboobotooouan

b o bbodbodb
gbobbouoodgobbbooodobobbodo

00 ODooooooooobOooboooooooboooboooooboobooobooOoooDoooDO
gobooooboooooooooooooobooobobooOoOoobooooOoOOoOoOobOboOoOoDnn
goooooooooooooobooooboOOOOO000oooooboooobbooooooa
gooooooooooooboooooboooooooboobOboOoOooooOoooooooboooooo
gobooooobooboooooooooboboooobooooboboOoobooOoobooOoOooLOoOOOoOoDo
gobooooooooooooboboooboooobboooooooooooooboboooonn
oobooooooooooooooOooooooOoooOobooobooooooOoOooooOoboOooonn
goboooooboooooooooboboooboooobooOoOoobooOoOoooOoOoOoOobOboOoOoDnn
goboooooobodoooboooooboooooboooooooooon

Accurate Object Extraction Using Multi-Viewpoint Images
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Department of Intelligence Science and Technology,
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abstract A lot of methods for 3D object shape reconstruction from multi-view images
have been studied in recent years. Omne popular method for the 3D shape reconstruc-
tion is the volume intersection. Although the accuracy of the 3D shape reconstructed
by the volume intersection depends on the accuracy of silhouettes extracted from cap-
tured images, there are no established methods which can extract accurately. This is
because silhouette extraction has been based on only single-viewpoint information. There-
fore, in this research, we regard the 3D shape reconstructed by the volume intersection as
multi-viewpoint information, and propose a model in which silhouettes and 3D shape are
optimized by integrating single and multi-viewpoint information. In this paper, we focus
on the first phase of the proposed model. That is, by employing a 3D shape reconstructed
from initial silhouettes as multi-viewpoint information, we refine silhouettes by integrating
single and multi-viewpoint information. In the proposed model, a silhouette refined by
the integration should be updated iteratively. We use a dynamic contour detection model
known as snakes in order to integrate various viewpoint informations. We present some
experimental results to evaluate the validity of our method.

1 0000 0000000000000000000000
0000D0000000000000000000
1.1 00 000D0000000000000000000

00000000000 000000000000
oooooooooooooooooog (Bo 0000000000 D0O0000000ooDoD
00D)00000000000000000000 gpoooo0O0000O0OoOO0O0O0O0ononooo
goo0ooooooooooobooooooooo 00000000000 o0oooooooooon
gooood 0000000000000 0DDO0000noD
0000000000000 0000O0OoOo 000

0000000000000 0000000D0o00

000000000000 00D0000DDoOoon

000000000000 D0OO0O0DO0oODoDon



visual cone by camera

reconstructed area

ject

camera

Ulggoogooobgod

1.2 00OO0O00O400boog

goobooboboboboboboboboo
gbooboooodb 1iboboboboooboobda
0000000 (visual cone) 00 D000 OOO
oooooooooobobobobooooooa
gooboobooooboboboobobooo
gboboboboboboboboboboobo
gogobooooobbooobbooooboo
oooo0oooooboobobooboobooa
gbooboooboboboboobobboboa
gogoboooobooobobboooobobooon
gogbbooboouoboobbooboboooobo
gooodbooboobobooobooboooobda
gbobooboboboboobuoboooboobda
ggbogoobooboboobooooda

gboboooobooooooooooboooboo
00000000 (0 2)oooooooooooo
ooooobboooboooboobboooooobo
ooboooboobooboooooooooooon
gboboobooboooooobooboooo
gboboobooobooboooboooboooono
oobooooboooobooboooobooobooobo
obooooboooboooooooooooooon
gboboobooboobooobooooboooobo
gboboobooobooobooboobooonn
ooboooboooooobooboobooooooon
gboboooboooboooboobooboooon
gbobooboobooobooobooboooo
oooooboooooooobbooooooobo

Vh.

image with object

>~ R
=

background image

substructed image

020000000

00o0o0oooo0ooooooo0 (oo
00)0000O0O00O0ooOoOoOoooOooooon
goboobooboobooooooooooon
gobooboooboooboobooboooo
gobooobooOoooboooooboboooobooooon
gobooboooboobooobooobooon
gboooobooooboooood

1.3 ODoogoboooobbooobon
googoobodgbog

gobooobooobooobooooboooo
goboobobooobbooobobooooboooo
gbobobooobooboboooboboooon
gooboooooobobooooboboooooooon
gobooboobooobooobobooooon
gobooboobooboooobooobooooon
goboooboboooboboooboobbooobo
gob0ooboobooboooboobooobbooon
gobooboooboobooobooooooooon
goobooboooooboooooobooboooon
goboobbooobooobobobooboooo
gboobooboobooboobobobobo

obobooooooooboooooobooboaon
00000000000 000 4oooou (o
3)0000000000000000DO0O00O0
gobooobooboooobooooobobooboooo
goooooobooobOoooboooobooooo
00000000000000o0ooooO (0o
000)000000000000O0O0oOoUoo
gbobooboooboooobbooobooooon
oobO0oobooooooooooobooooon
goobooobobooobooboobobboon
goboobooooboboooobooboboooo



silhouettes

3D volume

images

03 000000b00ooobooobooboon
gboooood

gboooooobooooooboboooon
booboooboobobobooboobogooooon
gobooooooooooboboooboooooon
gbobooooooobobooobbooobooon
gobooooooboooooboooooooooon
goboobooooooooboooboooooon
obooooooboobooooooooboon

2 Joooooooooobn

gobooobooooobooobobobbboodg
000000000000 00 Snakes[1, 2, 3] O
oooo

2.1 SnakesO OO

goboooboboooboooooobooo
gobooooboooobobooboooooobooooon
gobooobooooboobooboooboooon
gooooooooobobooobboooboooon
gooooboboooobooobbooooooooo
goboooboooboooooboooooon
oobooooobobooooooooobooooon
O SnakesOOOOOOOOOOOODOOO

2.2 SnakesO OO

gobooobooooboooobobooboog
OooCoOoOoOoOoOOoOD0ODDODOOO Snakesd OO
goboooboooboooobooooooooon

‘ Node

—— Vertex

Internal Forcg

.| External Force

O 4: SnakesO OO

gbobooob400000000000DO0000O0
O0D00D0OO0O0OD0OOD0O00O00OOSnakes 00O
gboooooooo

N
ESnakcs:Z(Eint (Ui)+Eimagc ('Uz)) (1)

=1
gbbobddoodoodooooooooooo
goooooooooNO0OoooooOew O 90

ogoooooood

23 0OD0OO0oOooobooo

Snakes 000 O00O00ODOOODOOOOOOOO
oo

1
VEint (v;) = 3 (Vie1 + Vi + vig1) (2)

oobooOobooooboobooooboooooo
gopoooobooobooooooobobooogo
gboboooobooooooooooobooooon
00000000000 O000DD SnakesOO0O
gbbooboboooboooobooobooon
gbobooooooobobooooonog

24 0O0000OO0OO0OODODO

0000 Snakes1O0O0O00000O000OCOO
oooboobooooboooboooobooogono
gboooooboooooboboboboboobg
gooobobooooogoaoo

Eimage (Uz) = Emono ('Ui) + Emulti (Uz) (3)

gooo



24.1 0000000 (COO0)

ggoooboboobobooboooooaoobooboo
gboboboobgoboboboboboobog
00 Faono 0000000 Isw (v;) DOOOO

Emono ('Uz) - - ‘VIsub ('Ui)|2 (4)

gbobooooooboooobooobooooooo
ooboooooooooooooooooooon
goboboobobobooooobooooooooo
0000000 (4000o0oooUooooooo
gboooooooooon

2.4.2 0000OOO0OO(QOO)

goooboobobooboob 110000
O0ooooooDoDoDoOO0O0O000OD0DO visual hull
O0000OOvisual hullOO0 0000000000
goooooogono Sygy0ooooooooo
oooooooooo sygO0OooOoOOOOCODO
gboooobooooog

oooooooooa

Sy 000000000 Sy (zs,ys)[s =
0,1,2,...]000000000000000
god0oo0ooooboobooobooOon
0000 f(z,y,2s,y,) 00000 (0000
0 f ey ays) = 1/ (@ —2)* + (y — )’
0000)000 f(z,y,2sy,) 00000 Syy
00000000 Epa(v;) 00

Emulti(vi) = /Sf(x,y&“mys) ds (5)

googooo

2.4.3 SnakesUOOODODOOOO

oboooooboobowoobooooooooo

ESnakes (Uz) = aEint (Ul) +/8Emono (UZ) +7Emulti(vi)

(6)
000000000000000000OSnakesO
gooooooog

N
E = Z Esnakes(vi) (7)

i=1

0000000 «OpdyO0O0O00OOOO0O0OO000

25 0OUOoggooooo

O (ryooooOoOoOoOoOooooooooooo
oobooOooooboooobooooboooooog
ob00ob00 FOODOODODOODODOODOOD0OO
ooobooooboooooboboooboobobooo
ooboooboobooooboobooobooooboog
oooooooooooooboboooooobooog
OO00O0O00O00000000000000OSnakes
O00O0OOOSnakesO0O00OO0OOOOOO0OOOO
goobooobooooboooboooboooog
oobooOoobooooboboooobooboooog
oooobooooboooooo

1. 0000000000000 00ODO0 Snakes
gooooooboooobobooobooboooo
ubooboobooboooobooaoo
obobooooboboooooobooboon
obobooobooobooooboobooboooo
O00O0O00O00OOSnakesO00DO0OOOOODO
ooooboooooaoo

2. Snakes 00 O00O0OO0ODODOOODOOOODO
Ooooooboooon E,00000VE,,
obooooobooobooboooooo
oooooooobooooobooooboooon
ooooooon

3 0o

3.1 0dognd

oooboooboooboosbbooooon
dmO06mO0000000000O0O000DOC00D0OO
gbooboobobuboboboooobood
gboobobbooboobooboobooog

3.2 0OU
3.21 000ODO
O00000o0O00ooooOooo (oeono)o

1. 000400
gooobooooboobooooboboo

2.0000000
boobooboobooboooboooo



-

 h

os5 000booogn

® |-

3D volume

S_V H

S sub 3 information form 3D voluis

., Ppot_info

- @

v

=== projection
@ reconstruction
@ substraction

S_Sn

N

uckground images  images

060000

ggoboobooooboobobooobon
Sswp DO OO

3. 00000a0a
0000ooooogn Ssy,oooooooa
0000 visual hul OO OO

4. 00000000
OO00D0O00000 visual hullOOD OO
gooooooooooooono sywOOOO

5. DoboOobOOoboobono
ooOoooooooooooooooOod Sya
gobo0z2420000000000000
gboboooboooboboo

6. 0000000
0000000000000 0000000
000000000000000000000
Se, 00000

7.00000000
00000000000000000000
0000000000000000 Ssy, 00
Se, 0000000000000 ODOOOO
000000000000 Syy00O0000
0000000000000000 Ss, 00
000000000000000000000
0S*000000000000000000
oooo

3.22 0000

oobooooobooooboooooobobooon
gboooboooboobooobooboooooo

gobooboobooboooobooboao
oo0osS*00000o0o0ooooooooooo
Os*00000b00obOobooo sgoooobo
00000000000 R(S)ODOUOODOOUOOO

gdod
SeS*
R(s) = 5T 0

Uob0pU0O0O0O0OOoOOOOOODObDOOOO
S*000 SoO0opoooobbooooobogooo
00000o0ooo0ooooooooo |sjoog s
o0oooooorROO0OO0OOOOOODODODOODO
ooooooooopoooooobobog s*ono
gobooboobooobooooobooboooon



0000000 R(S)DoOOOODOODOUDOO
Soooooooooooooo

3.2.3 OO
oboboooooboooooboobooo

ooooobooorooooooooooooooo
gbobogogsuooobooooobooogoo

gbooooobooosooooobooooooo

Ssepy DOODOOOO0O0ODDOOOOOOOOOO
ooooooooOoO00 Ssew, OO 100000

goooooobooboboboooooooooon
OSsep 000000000 0O0DO 110000

SypO000000CO0OODOOO0O000000O0
oo0oQoQooO Syg00 120000

oooooopooooSygOOOOOoOoODOOO
000000 BOOO (DODOOOOoOOO
O00oU0ooOoOooooooooo)o

Snakes
0000000000000 000 SnakesO
000000000 140000

Ssn 0000Snakes0O0O0O00O0DOOOOOOO
000 Ss, 00 1550000

R(S)DO0OUDOUDOOODO 1000000 (a)
0G)Do00o0oooooUooooooo
oboboooobooooooooo

o00DOo00ooOo0oOooDoog S, 000oo
0oooooooooo (o 1e00)0

3.2.4 00

gobooooobooooboooboooooon
0 S, 0000000000000 000O00OO
oobooobooboooobooobooboooboon
gbooboobooboobooooboooobooooo
goboooobobil1ooboooobooboooo
gboboooboboooboooooooooooo
gboooooooobobooobbooooboobooo
gooooooooooooboooooooooo
goboobooooobooooobooooooooo

o7 0000000

08 ooono

09 00000booog

O 10: 0000000000000000 Ssub



0 14: Snakes 0 0O 0O

011: Ssu, 0000000000000

“ n (a) (b)
O 15: Ssn

(a) (b)

U 12. 0000000000 O0OO0OOOO0bOO00O0

1
]\

013 0000000 0 16: S5, 0000000000000

Sva




010000

R SSub SVH SSn
0.102 | 0.210 | 0.168
0.132 | 0.229 | 0.168
0.150 | 0.218 | 0.187
0.131 | 0.186 | 0.153
0.105 | 0.280 | 0.237
0.208 | 0.240 | 0.175
0.225 | 0.258 | 0.195
0.109 | 0.150 | 0.136
0.264 | 0.194 | 0.138

Q
Nl

=3
~—

o
~

o
—

Lo r)

=L
~ [~

AAA,\,\,\,\,.\,.\
|l

—
~—

gobooooooooooboooooboooooo
oboboboooooooooobooooooooo
oood

gobobooobooooboooooooo
gobooobooooboobooooboooooooo
O0OSnakes0O0O0DOOODOOOODOODOOOO
gobooooobooobooboooobooboooo
goboooooooocooooooooobooooo
obooooboooooogoobono

0000odooooooooopooog Ssp d
gobooboooooooooobooobooooo
000 (0 1)0ooooooouoooooooo
gobooooboooobooboooobooobooooo
gobooobobooooooboooboooooooo
goboooboooooboooboooooooo
gboboooboooboooobooooboooooo
gooooooobooooboooboooooo
gboooooboooo

4 000

gbobooopoobobobobooooboon
gbobooooobooooboooobooooboo
uobooobooooboooooooobooooo
gbgbdobooobgobobdaboboboobood
gobgobooobooboooon

gobooooboooooooooooboooo
gbgooooouoboboboobaobogooad
gogoobobobooogoooooobooboobboodg
O0OO0OO00O0O0OD00 Snakes0O0OOOODOODO

ooooOoooboooobobbooooooood
oobobooooboooooooobboooooog
oooooboooobooooboooooooog
ooobooooobbooooooobooobood
oooboooooobobooooooboooobooog
oooobooogo
goobooooboooooooooooooo
bobooboobobuomoboooobobo

oobooOooboooooobooooobooooooon

ggbbooobboobboobbouobbaoaon

O0000D000000D0000 SnakesO OO
ooobooobooobooboboooboboogad
ooboboooobobooooobooobboooobooog
gbooobooobobo

goon

[1] M.Kass,A.Witkin,D.Terzopoulos:

Active Contour Models” ,International Jour-

“Snakes:

nal of Computer Vision Vol.1, No.4, pp.321-
331,1988.

[2] Chanyang Xu and Jerry L. Prince: “Snakes,
Shapes, and Gradient Vector Flow” ,IEEE
TRANSACTION ON IMAGE PROCESS-
ING Vol.7, No.3 , pp.359-369,1998.

[3) 00 0.“0000000000000000
00.00000000000007, pl66-176,
1999.

[4] Gang Zeng and Long Quan; “SILHOU-
ETTE EXTRACTION FROM MULTIPLE
IMAGES OF AN UNKNOWN BACK-
GROUND”, ACCV 04.



