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A face—gathering approach for generating unfolded pattern of polyhedrons.
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Abstract

We propose a new method for unfolding polyhedrons. With
our method, we firstly place all polygonal faces on an unfolded
plane, then gather them by connecting faces regarding the
connectivity in3D. We call this method ’face—gathering
approach’ and the established method ’sequential approach’. We
compare both methods in view of the ability of generating low—
cost patterns. And we also denote that our approach is applicable
for generating reasonable patterns such that are symmetrical and
directions of faces are preserved.

Keywords : 3 D geometry / Polyhedron / Unfolded pattern

coobooooboooboooooboboooobooon
ooboooooooooboboooboooooooooon
oboooooooooboboOoobooOoooooooon
gobooooooooobooboooboooooooooon
gobooooooooobooobooooooooon
O0o0o0ooooOPOo0oo0o0o0oooooooog
ooooooOo™ M oo0oo0o0o0ooooooooo
oobooooooooobboooboooooooooon
ooboooooooooboobooobooooooooon
oobooooooooobooboooboooooooooon
uobooooooOooooboobooobooOoooooooon
gobooooooooobooooboooooooooon
goboooooooooboooobooooooooon
gobooooooooobboooboooooooooon
gobomoboobooobooobobbboooooooo
ooboooooooooboboooboooooooooon
oobooooooooobooboooboooooooooon
oobooooooooobobooobooOoooooooon
uobooooooooobobocOoobooOoooooooon
gobooooooooobooboooboooooooooon
oboooooooooboooobooooooooon
gobooooooOooobboooboooooooooon
gobooooooooobbooooboooooooooon
ooboooooooooboboooboooooooooon
oobooooooooobooboooboooooooooon
gobooooooooooocoooobooooboooon

gooogo
gbooooooobobobooooooobooobgon
gogboooboboobuoobbooboboobooboboo
000000000 oooooPgoooooooog
gobooobobooobobbobbooboboobobo
gogboobboobooboobboobooboo
gboboboooobooboobobobooooog

0000 DOOO0000000000000omao 3



goooOoopOopooopoo cGoooopoooo
gobooboobboobooboboobooboo
goboobod
goobobobooooooobobobooooo
gboboooobooboobobobooooogoo
gboboooooboobobobobooooogoo
gboboooooboobobobobooooooobo
gobooboobobuoobooboboooboobooo
gobooboobbuooboobobooobooboo
gobooboobbooboobboobooboo
gobooboobbooboobboobooboo
gbobooooooboobobobooooogoog
oboboooobobbooboboobobobooooo
gboboooooobooboboboooooogoo
gbobooooobooboboboboooooogoDo
goboobooobbooboooo
gogbooooboobbooboobboobooo
gobooboobbooboobboobooboo
gobooboobbooboobboobooboo
gbobooooooboobobobooooogoog
obobooooooonog
ooooO"ooo000oo0o0oooooooooo
gbobooooboobobobobooooooobo
ggbodbooobbuoobooboboobooboo
gobooboobbuooboobooboobooboo
gobooboobboobooboboobooboo
gobooboobbooboobboobooboo
oboboooobooboobobobooooog

gboooooobgoog
gbooboboboooooboobobobooooon
gogbodobooobbuoobooboboobooboo
gogbooboobbuooboobooboobooboo
gobooboobbooboobboobooboo
gobooboobbooboobboobooboo
oboboooobooboobobobooooogoo
obobooooooooobogooo
gmoogo
gboboboboooooobobobobooooon
ggbooobooobobuoobooboboobooboo
gobooboobbuooboobbooobooboo
gobooboobboobooboboobooboo
gobooboobbooboobobooobooboo
obobooooooboobobobooooogoo

4 Journal of Graphic Science of Japan Vol. 39 No. 4 / Issue no. 110 December 2005

ggboogobobooboobooboboobooboboo
ggboobboobooboobboobooboo
goboobbooobooboobboobooboo
gbobobooooboooobobobooooog
gbobobooooobooboobobobooooooo
gboboboooooobooooboobo
gmooogo
oobooboobbooboobobooobooboo
goooooboooboobooooobobooomoo
ggboobboobooboobboobooboo
gogbooboboobooboobboobooboo
goboboboboobooooboobbbbobobooouogg
gbobobooooobooboobobobooooooo
goobobooooobooobooboboboooogoog
gboobobooooogo
oobooboobboobooboboobooboo
ggbooobboooboobooboboobooboo
000000000000 @ODODO0O00oooonon
gobobooobobobobooboboobobobbDbo
00000000 0ooooobodooooooooon
gbooboboooobooboobobobooooooo
goobobooon

VA GAVANAN

©

o0 0oooooobooooboo

0000000000000 000000ooooon
O00000OIntersection0 0 0000000000
0000000000 000oo0o0ooDoOonoooooo
OO

ggoooooooooobon
gUooOooeeetgpooUuo0oooooooooon
oobooooooooobobooobooOoooooooon



|

£TOEEZFHELICEET S

v

(QJRDEHEH-THEREERT D
CIRFEEMT2ODEICHESN TG
| rRoEsBRETEE L TIRESS
SK—YIZBLTLS
1755 AL STV

BETHERMNEELLGL

3

BT

) BERAEETD

BIRLI-EET2ODN—YEEH L5
ADTFELOEESHEHETY

l EOIZFBLAL l BEVCFSHTS

BRUBHT2O0/— | | BRUBRICIZSV T3 |
EENTD
|

oo Ooooooooooooooo

0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000D00000000
00000000000 000D000MO00ODo00no
0D00D000D0000000O0

Cost OOMM Leut_straightd Lbreak 00D Leut_curve

OO0 Nstoie 10T Néreak 10T Npaste (1)

010000000000 LLeatstraighl 000000
000 M Leread ] 0000000 M Lewtcuree D 00 0 O
O000O0@MNsxD 000000000 O Nereak
U0D0000@MNpsl 0000000000000

00000000000 000000D0000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oDooon
0moooo0oo00o0o0on

000000000000000000000000
0000000000000 000000000@0o0n
0000000000000000000000000
0000000000000000000000000
00000000000000D000D00000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

gbobooooboboomm
gbobooboobbooboobobooboobo
gogboobboobooboobboobooboo
gbobobooooboobooboboboooooo
goboboboooobobobobooboobobooo
gboboboooooboboobobobooooooo
gbobobooooooooobob
gboooooobogoboboboooobooOooo
gbobooooooobbobooboboboboooo
gogbooboboobooboobboobooboo
gogboobboobooboobboobooboo
goooboooboobbo0obooobuooboogog
gbobobooooobooboobobobooooooog
gbobobooooooooboboo
gboooooooboboboooooooboobgo
ggboooboboobuoobboobobooboobooboo
ggbooobboobooboobobooboobobo
gogbooboboobooboobboobooboo
gogboobboobooboobboobooboo
gbobobooooboooobobobooooog

350
300 ~
£1E
250 \
ﬁzoo
=
8 150
100
50 EIGE
0
0 20 40 60 80 100 120 140 160 180 200
ATITH
00 0Oo00o0ooooooboooOooooooooOoa

oo

450

400 -

o \Eﬁﬁ-‘g,i

300 \

250 \

&
i
= 200
]
150 \\
100
5 BRE \\
0
0 20 40 60 80 100 120 140 160 180 200 220 240 260
ATYTH
00 00000000000000000000000

goo

0000 DOOO0000000000000omao 5



gobooboobbuoobooboboobooboo
goboobbooboooboo
gooooooboobooboboboboooooo

gooboboboooooboobobobooooo
gboboooobooboboboboooooogooo
gbobooooboobooboboboooooogoo
gboboooobogoboboboboooooogobo
goboooobood

gogbooooboobboobuoobobooboon
gobooboobbooboobooobobooboo
gobooboobboobooboboobbooboo
obobooooooboobobobooooogoog
obobooooobooboobobobooooogooo
goboboooobooboobobobooooooooo
gboboooooboobobobobooooooooDo
gogboooboobobuooboobobooobooboo
gogpbooboobbuooboobobooobooboo
gobooboobbooboobooobobooboo
gobooboobboobooboboobbooboo
obobooboobooooobobobooboooog
obobooooooonog

goobobooooooboobobobooooo
o000 0MemO00000O00D0OOO0ODDOOO
gobooboobobuooboobobooboobooo
gooooooooboobobboboobobooooboo
gg

0000000000 0000000000000
O0emO0O0O00O0OM

gooboboboooooooboobobooooo
gboboooooobooboboboooooogooo
gbobooooobooboboboboooooogoo
gogbooobooobobuooboobobooboobooo
gogbooboobbuoobooboboobooboo
gobooobooobo

00 ObOO0oOobooooboobobooobo

0o000o0ongd 00o0onmoo

oo ooo ooomoo] 000 nooomoo

oooo |orm 1 [EEEN 1

ooo IMmOOoo | MDOMoo | OOmomnd | dmomoo

ooo IMmoOoo | MDodoo | OOmomnd | dmommo
gobooooooboooobo0oboomoooboooooDooo

gomobooooooo
gobooooboobbooboobboooboon

OO0O0000O0000000 PentiunJMGHzO RAM

OMBOOOO pPCOODODOOOOODOODOOOO

6 Journal of Graphic Science of Japan Vol. 39 No. 4 / Issue no. 110 December 2005

ggoobooobboobboobbooobbooo
QSIm" 0000000000000 0o0oooooo
gogboobboobooboobboobooboo
gboboboooobooboobobobooooog
gboboboooobooboboboboooooog
gbooboboooobobobobobooogoog
gboboboooobobobobobooogoog
gogbooobobooboobbooboboobooboobo
ggboooboboobooboobobooboobobo
goobobooooobooboob0mooooogoog
gbooboooboboobDhmobooooooobobooog
gboboboooobooboobobobooooog

oooood
600

500 /
Sk /\/
QRN EFHEEY),

BRE

(:ZF?WWE%L)

S
o
o

T BB (ms)
w
8

B
— N
o o
[S) S

0 200 400 600 800 1000
[k

o0 O0o0ooo

gboboooboobobooboboooo
gobooboobbooboobobooboobo
gogboobboobooboobboobooboo
gboboboooobooboobobobooooog
gboobobooooboobooboboboooooog
gboobobooooogooooboob
gbooooooobobobooooooobooobgon
gogboooboboobuoobbooboboobooboboo
ggboobbooboobooboboobooboboo
gogboobbooobooboobobooboobobo
gogboobboobooboobboobooboo
gboboboooobooboobobobooooog
gboobobooooboobooboboboooooog
gobobobooooogooboobobobooog
gbooooooobobobooooooobooobgon
gogboooboboobuoobbooboboobooboboo
ggboobbooboobooboboobooboboo
gogboobbooobooboobobooboobobo
gogboobbooboon



0moo000000000on
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000DoOoooooogo
0000000000000000000000000
00000000000000000D00000000
0000000000000000000000000
0000000000000000000000000
00000000000000
00O0mOECooooon@O0DDDDD0NDn0n
000000000000 O0MODOODODOOOn
000000000000 0000DDO00000O(e
000000000000000000000

N7 Eiﬁti f&ztg;;za

(@ (b) ©
00 0ObOO0o0obOoobOoooobobooboobooon

gbooboboboooooobobobobooooon
gogboodobooobbuoobooboboobooboo
ggbooboobobuoobooboboobooboo
gobooboobbooboobboobooboo
gobooboobbooboobboobooboo
gooboboooooobobooxbbbooooog

coooocoooocoooO
z

o0 oooooboo

gbobobobooooooboobobobooooon
ggbooobooobobuoobooboboobooboo
gobooboobbuooboobbooobooboo
gobooboobbuoobooboboobooboo
gobooboobboobooboboobooboo
oboboooooobooboboboboooog

ooooooobooooooooboboooDboono
gobooooooooobobooooboooooooooon
oboooOooooooobooboobobooooonn
ooboooooobooocooooooobooooonn
uboocoOoooooooooOoOoO0oooboOooooonon
goboooooooooboobooobooooooogooon
goboooooooooooooboocooboooom

gmoooboboboboooon

ooooooobooooooooboboooboono
gobooooooooobboooboooooooooon
oobooooooooobobooobooooooooon
oobooooooooobooboooboooooooooon
uobooooooOoooobobocoobooOoooooooon
gobooooooooobooboooboooooooooon
gobooooooooobobooobooooooooon
ooooooooooobboOooboooooooooon
oooo

O000obOOO0O0O00O00O0O00O0000000
ooboooooooooboboooboooooooooon
oobooooooooobobocooboooooooooon
uobooooooOoooobOobocOoobooOoooooooon
goboooooooooboobooobooooooogooon
gobooooooooobooobooooooooon
ooooooooooobboOoobooooooogooon
gobooooooooobbooooooooooooon
goboooooooooboboooboooooooooon

cooboboooboooooooooboboooobooon
oobooooooooobobocooboooooooooon
uobooooooOoooobOobocOoobooOoooooooon
goboooooooooboobooobooooooogooon
gobooooooooobooobooooooooon
ooooooooooo

good
cooboooobooboboooooooooooono
ooboooooooooboocoOobooooboooooon
goboooooooooboocooboocooboooooon
goboooooooooboocooboocooboooooo
gobooooooooooooooocooboooooon
goboooooooooboooboooooooooo
goboooooooooobooobobooooboooooon
gobooooooooobooooboooooooooon
goboooooooooboocoobooooboooooon
ooboooooooooboocooboocooboooooon

0000 DOOO0000000000000omao 7



-

i =

L]
=

4

#

()

oooooooooooooooooooooooooon

Ax

RIS

Rt
EIE

ot
4
X~

;?f!!rl!

. "
o A % & — =
L £ =
= A

g
T
:

goooooooooooooooobooOoOooooooOoOobCOoOoOooooOoOOCOO0OODOoOoOObObOOOoOoOoOoOoOOboOO

gobooboobbuoobooboboobooboo
gobooboobboobooboboobooboo
gobooboobbooboobboobooboo
oboobooo

8 Journal of Graphic Science of Japan Vol. 39 No. 4 / Issue no. 110 December 2005

good
gobooboobboobooobooboobo

gogboobpbooboobbobobooboobog

gobobobobooooobooboboboboooobog



gobooboobbuoobooboboobooboo
gobooboobboobooboboobooboo
go0o0oo0o0oOoOoOoOOoOoOoOoEo"goguoooooo
oboboooobooboobobobooooogoo
gboboooobooboobobobooooogoo
gboboooooboobobobobooooogoo
gboboooobooboboboboooooooDg
goobobobooooobbbooobboboboobooboo
gogbooboobbuooboobobooobooboo
gobooboobbooboobboobooboo
goboobobooobo

good

000 boooooobobooooooobobobooobobood
MMOO0000000000000Odpp. 71-74(2003)0

000 D0ooU0ooooOooooooooOoooooooo
000000000 ooomom

000 0D0O0o0o0oO0oooUooUoOoOooooUooooo
N|EEEN|EE]

000 bodooobobobbooooboobobooboboboo
00o000ooooooooooo CADOOODOOVol.
MMoOO000000 CAD O OO Opp. 13-18(1999)0

000 bodoooooobooooooobooooood
ooo0oooooobOoOOOUOOOOOOOOOO
O00000000O00OVelIIDOOOOOOOOpp.
45-50(2003)0

000 D000O00o0o00oU0oooooooooooooo
go0oOO00OO00bOO0oD0oO0bOOo0ooDOOmoooooo
00000000 pp. 27-32(2003)0

000 0000000000000 00000Ohttp:/
www.tamasoft.co.jp/pepakura/

000 Garland, M. : Qslim. http : /graphics.cs.uiuc.edu/
garland/software/qslim.html.

000 Milenkovic, V. J.:Rotational polygon containment
and minimum enclosure using only robust 2D
constructions, Vol. 13, pp. 3-19 (1999).

o[MTOOOMODDO

ooo ooo
0000000000 0OO0O0OO0O0bO0O0ODO0OO0ODOOODOOODOO
gooooog
Do oomoo
oo
moo0b000000O000O00LO00o0oOOoOoOOOoDOOD
Modoooo0o0ooooooooooooooo
Ooooooooooooooo
oooo
000000o0o0oO0ooDOoooOoooOooOoDOooDO
gooooog
® Jun Mitani, Hiromasa Suzuki: “Making Papercraft Toys from
Meshes wusing Strip-based Approximate Unfolding”, ACM
Transactions on Graphics, Vol. 23, No. 3, pp. 259-263 (2004).
eJ0000DODOOOOODODODOOODOOODODODO
00000000O0ooooOoOdVol. 45, No. 3, pp. 969-976
(2004).
ooo

mitani@cs.tsukuba.ac.jp

gooo0 0OoOoo
go0oooOo0o0oO0ooOoo0oOoOoooooOooooooo
Mooooooo
oo
NoooooooooooooooooDooD
nooooooooooooo
nooooooooog
Oooooogoooboo
nooooooooooobooooooo
Nooooooo0oomoooooon
oooo
J00ooooogcCAD/CAMOODOO
goooooo
® Subdivision Surface Approximation of Data Points and Polygon
Models, JSME Int. J, Series C, Vol. 45, No. 3, pp. 809-814
(2002).
® H. Suzuki, A. Rockwood, L. Kobbelt eds. Proc. Pacific Graphics
2001,The Ninth Conference on Computer Graphics and
Applications, Tokyo, Japan, Oct. 16-18, 2001, IEEE Computer
Science Press (2001)
ooo

suzuki@den.rcast.u-tokyo.ac.jp

0000 DOOO0000000000000omao 9



