00oo000000ooooo0ooo00 (MIRU2011)0 20110 70

goboogbougoougoogn
oo obooboobdououonoon

oo oof

Avideh Zakhor!T

oo oaf oo oaf

1000000000000D0D0000000 0630-0192000000000 8916-5
1T University of California at Berkeley Berkeley, CA 94720
E-mail: {{norihi-k,tomoka-s,yokoya}@is.naist.jp, ftavz@eecs.berkeley.edu

gbobo obooboooboboooobobooooboobOoOoOoO0obO0obOobOOoOoOOobOoboOooboOobOoon
gbooboooooboooboobobooooobobooooboobooooboobobooooooboobobobon
gboooooobooooooboobooooboboooobobobobooooobOobooobooboboon
gbooooooboobobooobooboooobooboboooobooboooobOobOoboooooobooboon
gboooooobobooboobooooooobooobooooobobobooooobooboooooobOoboon
goboooobooooooboooboboobooobooobobooboooboobooobOoobobobooboooobooon
gbooboooooboboooobobooooooboboooobobobobooboboooooobon

gbobooooobooboooboobooboooon

gbooo bobooooobooboobOoboboooboobooOooobOoboooon

1. D000

000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000
000000000000000000000000
000000000D000000D000000000
(00000000)0000000000000000
0000000D00000000000O0[ro00
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000
000000000000000000000000
00 [8)0[12/00000000000000000000
0000000000000000000000000
0 [10|0[12[0000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

00000D000000000 (100000000000
0000000000000000000000000
000000000D000D0000000000000
0000000000000000000000000
000000000 [11),[12]000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000D000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000D0000D0000000000000000
0000000000000000000000000
000000000D0000000000000000
0000000000000000000000000
00000D00000000000D000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
000000000D0000D000000000000
00000000000000000000000 [100
[12]00000000000000000000000
0000000000000000000000000
00000D0000D00000000000000
000000000000000000000000
00000D00000000D000000000000
00000000000000000000000000
0000900000000 00D000000000
0000000000000000000000000



(B )
| @) NBRELBRIBEEERE |

¥
| (b) BB (ARDIELE, B)ERTE |

v

| (c-1) BRI RO ER |
| (c-2) EEOEECES |
| (&&Eﬁgﬁm&ﬁﬁ |
| |
| |

]
(d-1) BETHVRF Y DIER

¥
(d-2) ERDBDEH

01 booooooooo

obobooooobooboooooobooboooon
gboooooooboobooboooooobobon
gdodooooooobobobooooooooooo
oboooooobobooooobobooooooo
gboobooooobooboobooooooboboo
gbooooooboboooobobooobooobo
gboooooooboooooboooooobobon
gboooooboobooooobooboooooooon
gboooooboobooooboobooooooobo
obooooooboooon

2. D0ooboobooboobooboon
ooogo

000000000000 100000000000
0000000000000000000 (20000
0000000000000000000000000
00000000000000000 (b)000000
0000000000000000000000000
0000000000000 (¢1)0000000000
0000 (¢-2)0000000000000000000
(¢-3000000000000000000 (d-1)00
00000000000 (d2)00000000000
0000000002100000000000000
0000022000000000000000000
ooooooooo

2.1 JooooboOoOooooooboooooon
ooooogoon

gboooob20000000000000000
oo0o0o0o0oooooQoooooQUuUuoooon
oo QoOo000000 e00OooOoOOoOooooO
ooooooooobo p; 0000000000000
A, 00000 OQDOO0O0O0DODODODOOO0O0OO0O p;
000 QU000000000oo00o00oUo

02 0ooooooooo

o000 g, 00000ooooobocoono 000
go00oooOoOoOoOoOoOoOooooooooQ@ooon
OO0 00000000 SSD,0O000OOOOO
Ossp,000oooooooooooobooogoo
ooo

ZpiEQ’ ’lUpi (SSDS (pu pm) + OéSSDt (pu pm))

Zpieﬂ’ Wp,

E, =
(1)

Zp,—EQ’ Api (SSDt (pU pn) + ﬂSSDS (pu pn))

Et -
Zpi e )‘Pi

(2)

000000000000000000000000 p;
000000000 p,00000000000000
I(p,)000 p,0000000000000000 p,,0
00 p,0000000000000000 p, 0400
000000000 wp,0Xp, 000000 ¢'NQ0OD0
00p,0000000000000000000000
wp, =10)p, =10000 QODO0O0000000D0
0000000000000000000 wp, = ¢~ %,
dp, = %(d; 0 Q00000000000 O00DO
0p,00000000000¢0e00000)000
0000 «04000000000000000000
0000000000000000000000000
0000000000000000000000000
(H)0(2)000000000000000000000
000000000000000000000 Q000
0000000000000000000000000
000000000000000 8SD, 0000000
0000 SsSp, 000000000

000000 S$SD, 00000000 (1300000
0000000000000000000000 SSD,
0000000000000000030000000
00000 0000 p,000 Q0000 p; 000
000000D00000000 p; 0000000 p; O
0000000000000000000000000
0000000000000000000000000



EERILL

amabe _-YSp.
THYAFER . 4

F—5E8 O

W hp,.p.p,)| oEE syl

RIoMVL

\Pk Pi
s QroEA

U3 Oboooooobodooooobooooo

000o0oU0ooooOooBoooooooo p; 00
00000000000 4,, 00000000000
oobbp,0000000D0DOOOOODOSSD,00
gboooooobo

| pr — h(pj Pipy) II?
: N () —

SSDs(piapj) = Z

P EAPi

00O0O0A(p;,pHpr) 0 Ap, 00000000 p, OO
0000000000000000000000000
00000 300N(4p,) 004, 0000000000
0000000000000000000000000
0ooO

0000000000000 $SD, 000000 Ay,
0000p, 0000 I(p,) 00000000000
O h(p;,ppy) 0000000000000 00O
I(h(p;,p;»p)) 00000000000000000
ooQ

| I(py) — I(h(pj, i ) I

SSDt(Pi:Pj) = Z N(Ap,)

P EAPi

(4)
2.2 0000000000

00000 Greedy Algorithm 00000 (1)0(2) O
gbooooooob E; 00 E,000oboocgoooan
000000000 1ooooooooooo (boo
obooooooboboooobobooooooo
0000000000000000 (e1)00 (d-2)00
ooboooobooobooobobooobobooobooobooon
(¢-1)00 (¢-3) 000000000 E, 0000000
0000000000 (d1)0(d-2) 000000000
000 E 0000000000000 00DO

oboooooooboboob g, 00b00b00oo0on
000 0000000000000 0ooooooDo
gbobooooboooboooooooooooobooooboog
gbooooooboboobooboooobooooonog
god

2.2.1 00000000000000O0O
0000000000000000 E 000000
0000 (¢-1)00 (e-3)000000000000 (¢-1)
0000000QO0000000000000000 ¢
0000000000000000000000000
00000000000 Q0000 p, 0000000
00000000000000p,0000000 &0
0000000000000000000000000
0ooooooo

ﬁfw§ggwﬂ%®umﬂ+M$DM%pM)®)
00000000000 $SSD, 00000000000
000 SSp,0000000000000000000
Ooooooooo

0000 (e2)000000000000000000
000 QOD0OO00000O000O00000O000O0odO
00 p,000000000000000000000
000000000000 00000000000O
E, 000000000000 Q0000000000
0000000 Q00000 p,0000000000
00 E,(p,) 00000000000000000000
000 E,00 8Sp,000000000000000
0000000000000 000000000000
E,0p,00000000000E(p;,)0000000
ooooo

w ~
Ep)= D i Ipi—h(Bepep) P (6)
pLEA ( Pi)
k P;
000000000 E,000000000000 E(p;)
000000000000000

E,= Y Eip)+C (7)
p;EQ

COO0000NQ'00000000000000000
0000000000 (2)000000000000
0000000000000000000000000
00000 E,(p,) 00000000000000000
00000000 E,(p;) 00000000000000
0000 E,000000000000000000 40
00000000 p; 0000 h(py, Py, P;) (VPx € Ap,)
000 (3)000000000p, 0000000000
000000000000000000000000 p;
0000000000000000000000000
E,p;)00000000 p,0000000000000

ZpkeApi wpk h(ﬁk? Pk pz’)

Zpk EAPi wpk

(8)

p; =

obooooobooboooooooboboooboOoooo
0000000000 ®Uooooooooooooo



P, F—sERDOE

h(Pi>Pi-P;)

\
p
P, oxmms S ¢ WEQWORA

04 00 p, 00000000O0O00OO

0000000000000000000000000
0000000000000000000000000
00000000

0000 (¢-3)0000000 Q000000000
0000000000000000000000000
000 (2)000000000000000000Q
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000 2000
0oooooo
2.2.2 000000000000000000
0000QO0000000000000000000
000000000 E 0000000000000
(d-1)0(d2)0000000 Q00000000000
000000 (d-1)0000000 Q00000000
0000000 QO0000000000000000
000000000000000000000 00
00p,000000000000000000000
00 p,0000000é¢0000000000000
00000000000000000000

Ei=%§ggﬂSSdeppn)+BSSDAppan 9)
000000000000000000000SSD, O
SSp,0000000000000000000000
0000000000

0000 (d-2)0000000 (e-2)0000000
00000000 QDODO0O000DO000ODOOn
00000000000000000 E, 000000
00 E(p,) 0000000000000000000
000 E 00 SSD,000000000000000
0000000000000000

>‘Pk

N(Api) I I(pi)_I(h(f)kapk:pi)) ||2

Et(pi) = Z

PrEAp;
(10)

00000000 E(p,) 0000000000000
000000000000 E(p,)0000000O0O
000000000 EO00000000000000
E(p,) 000000000 I(p,) 0000000000
000

ZpkeAPi Ap, L (h(Py, P, Pi))

I(p;) =
' Zpk EAPi )\pk

(11)

2.2.3 ODO0O0OO0OOOOOOO
gboooboooooboobooooooboooon
ooooooobOoobooOoooboooboooooooo
oooooooo ssb, 00 ssp,00oogooooon
obooooooboobooooobooboooooooon
gboooboobooooobooboooon
obooooobooooooboboooooooon
A, 0000000000 COOODOOOOOOOOO
00000 QUO0O0000 (e:3)000000000
000000000000000000 QNQ'0000
obooooobooboooooboobooboooooooo
gbooooobobooooobooboooooboooboaon
obooooobobooooobobooooobooobooon
gooboogboobooboooobooobooboobo
oo00oooooooQYoo0o0o0ooooooo
good
oboooooooboobooobooooooobooon
gooooooobbooooobobooooonoood
oboooooboooobooboooobooooooo
gboooooboboooooboooboobooooog
oboooooboobooooobooboooooooon
oooooo ssSp,0ooooooOooooooooon
obooooooboobooooobooboooooooon
gbooooobooooobooboooooobooboo
oboooooboooooog

3. 0O 0

0000000000000000506(x) 000 2
000000 (DO@)O000000000000000
0000 PCOCPU:Core i7 1.6GHz0 0 0 0 :8GBO O
0000000000000000400000000
0000000000000000000000000
0010000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
()OI 00D000000000000

000 (I)0 5(a)000 (140000000000



00453281 000000000000000000
0000000000000000000000000
000000000000 ()00000000000
00000 10000000000000000000
00000000000000000000000 5(b)
00000000000 (¢)0(d)0(c)0000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000 [14]0
0000000000000000000000000
0000000000 13868000000

000 (I)(0 6(a))0 46800 0000000000
0000000000000000000000000
000000000000 ()00000000000
00000 (I)000000000200000000
000000 EOO0000000 SSD, 000000
0000000000000 =050000000
000D06(b)000000000000000000
0000000000000000000000000
00000006(c)000A=00000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000 6(d)3(e)
0000000000000000000000000
000000000000006b)000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000000000 512000000

4. 0O 0O O

gboboooooooboooooobobooon
gbobooooobobooooooboboooon
gboooooooboooooobobooooooo
gboboooobooobobooooobobooboono20
gboooooobobooooboboooooog
gbobooooobooooobobooooobobon

01 ooooooooooobwe..ObObobobbobooooo
gooboooogao

00000 1 | 2 | 3 | 4
E. 0000 o 0.1
E,0000 B 0.5
D0 w0000 ¢ 1.2
D0 ADODD e 1.2
00 A0OO OMave | Tlave | Blave | Blave
00 Q@nQoo0oo
DO000000 | 15/16 | 8/9 | 3/4 |0(0O)
Do000 Alave | 2lave | L3lave | lave
DOo000 1.5lave | 0.8lave | 04lave | 0.3lave

gbobooooboboooooboobooocooooban
obooooooobooooobooboobooooooon
gbobooooboboooooboobooooooooo
oboooooboboooooboobooooooooon
gbobooooboboooooboobooocooooban
oboooooboboooooooboboooooooo
gbobooooboboooooboobooocooooban
gboooooogooboo

OO0 0000000000 OoOoooo (oog A),
No.23240024) 0000

g O

[1] J. Davis, S.R. Marschner, M. Garr and M. Levoy:
“Filling Holes in Complex Surfaces Using Volumetric
Diffusion,” Proc. Int. Symp. on 3D Data Processing,
Visualization and Transmission, pp. 428438, 2002.

[2] J. Verdera, V. Caselles, M. Bertalmio and G. Sapiro:
“Inpainting Surface Holes,” Proc. Int. Conf. on Image
Processing, Vol. 2, pp. 903-906, 2003.

[3] J. Wang and M.M. Oliveira: “A Hole-Filling Strat-
egy for Reconstruction of Smooth Surfaces in Range
Images,” Proc. SIBGRAPI, pp. 11-18, 2003.

[4] H. Xie, K.T. McDonnell and H. Qin: “A Finite El-
ement Method for Surface Restoration with Smooth
Boundary Conditions,” Computer Aided Geometric
Design, Vol.21, No. 5, pp. 427-445, 2004.

[3] T. Masuda: “Filling the Signed Distance Field by
Fitting Local Quadrics,” Proc. Int. Symp. on 3D
Data Processing, Visualization, and Transmission,
pp. 1003-1010, 2004.

[6] R.Furukawa, T.Itano, A. Morisaka and H. Kawasaki:
“Improved Space Carving Method for Merging and In-
terpolating Multiple Range Images Using Information
of Light Sources of Active Stereo,” Proc. Asian Con-
ference on Computer Vision, pp. 206-216, 2007.

[7] R.Sagawa and K. Ikeuchi: “Hole Filling of a 3D Model
by Flipping Signs of a Signed Distance Field in Adap-
tive Resolution,” , pp. 686-699, 2008.

[8] A. Sharf, M. Alexa and D. Cohen-Or: “Context-
based Surface Completion,” Proc. ACM SIGGRAPH,
pp. 878-887, 2004.

[9) DOOO0O,0000,0000:“0000000O0O0O0
gooooboooooooooooooor, obboo
OO00OO0oO0oDoogoooogg, vol. 15, No. 5, 2010.

[10] S. Park, X. Guo, H. Shin and H. Qin: “Surface Com-
pletion for Shape and Appearance,” Int. J. of Com-
puter Graphics, Vol.22, No. 3, pp. 168 — 180, 2006.

[11] T.P Breckon and R. B. Fisher: “Plausible 3D
Colour Surface Completion Using Non-parametric
Techniques,” Proc. Int. Conf. on the Mathematics of
Surfaces, pp. 102 — 120, 2005.

[12] J. Dong, S. Ma, L. Li and Z. Yu: “Hole Filling on
Three-Dimensional Surface Texture,” Proc. Int. Conf.
on Multimedia and Expo, pp. 1299-1302, 2007.

[13] N. Kawai, T. Sato and N. Yokoya: “Efficient Sufrace
Completion Using Principal Curvature and Its Evalu-
ation,” Proc. Int. Conf. on Image Processing, pp. 521-
524, 2009.

[14] G. Chen, J. Kua, S. Shum, N. Naikal, M. Carl-
berg and A. Zakhor: “Indoor Localization Algorithms
for a Human-Operated Backpack System,” Proc. Int.
Symp. on 3D Data Processing, Visualization and
Transmission, 2010.



() 0000D00O0DO0O0O0O0ODDOO0OO0O0ODO0OODODODOOO0O0OOO

(by DODDOODOODO

(c)DO0ODOOODOOODOO (dy00oD0Ooooooooo (dy000o0oo0oOooooooooo

05 000000000 I1mo000o0o000

() 0000000000 (b)) DODDODO (8 =0.5)

(d) 0000000 (b)DO00DO () D0DDODO (b)D0DOODDO

06 OD000000O0O0O0IIDOOOOO0OO0OO



