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Improvement of Detailed Expression on
Marching Cubes Method by Deforming Grids

KEeIsUKE FusimoTo, ™ TosHio Morryaf?
and YASUICHI NAKAYAMAT!

We describe an algorithm that improves the ability of detailed expression of the Marching-
Cubes (MC) method. The MC method is a technique for generating triangular meshes from
implicit function. It sets the uniform grid, and generates mesh with the judgment whether the
lattice point is on the inside to the boundary. Therefore, it has two problems. First, there is
a possibility that the thin part of the object is lost. Second, the sharp part is converted into
the smooth shape. In this paper we present a Deformed-Marching-Cubes (DMC) method
that changes the shape of the grid form by moving lattice points. The steps of the DMC
method are: 1) detecting a thin part by searching for surroundings of each lattice point, 2)
calculating coordinates of the sharp part, 3) moving a lattice point that is nearest from each
calculated point. As a result, when only one object exists for the grid interval, this method
realized guaranteeing the non-loss of an object that is bigger than the search accuracy, and
reproducting the sharp part. Consequently, we proved that the method guarantee non-loss of
the object of the width of 1/5 compared with the grid size only by the overhead of only about
25%.

Feb. 2008

1. Oo0oano

00000000000000000000000
00000000000000000 f(z,y,2) 00
00 f(z,y,2)=0000000000000000
0000 300000000000000000000
000000000000000000000000

fl1ooooooooooo
Department of Computer Science, The University of
Electro-Communications

f2 0000000000
Advanced Research Laboratory, Hitachi Ltd.

1031

gooooooobooooobooooobooooooo
oobooooooooboooooobobooooon

ooooobooboooboobooobobbogoo
0¥ 0000000000000000000000
D0O000000000O0O00?o0

goboooboooooooooooboooooooo
gobooooooboooooooooobooooooo
oooobooooooooooobooooooooo
oooooboooooobooobooooooooon
oooooooo

oboboboooboob 1boboboDboon
gooobobooooooobooboooooooooo



1032 ooooooooo

000 Bloomenthal 000V O Marching Cubes O
OooMCOOPOODOOODOOOOMCOOOOO
0000000000000 000ooooooog
0DoooooY9g
ooooMCOOOOOOOOOOOOOOO
o DD UOOOOOODODODODOOOODDOODOO
0o00o0o0Doooooooooooooooad
e J000DOUUOIODCODODODDOUDODDO
0000oooooooooooooog
ooooooooooooooooOooooooo
000000O0000o0o0o0ooooooooooog
oooooooooooogd
00oo0oooOooooooooOooooOogoon
O000000o00ooooooooooooood
0000000000000 0 Deformed Marching
CubesOODMCOOOOOOOODMCODDODOO
oMCOODOOODOOOOO
(1) Dooooo
(2) DoOooOoO
(3) DOOooOoooUoOoooooo
O000o0o00ooUooooooOooooooogo
O000O0o00oooooooooooooooog
0000000000000 0ooooooooog
00000000 00000000ooooooog
0000000000 0Bloomenthal 1000Y OO0
dooodooboooooooooooooooooo
dooddoobobooooooooooooooono
oooooooooUoOoooocoOoooooooog
o0oo0Ooooooooboooooooooooog
o0o0O0O0oo0ooooDoooooooooooood
ooooOoooooooMCOOOOOOOO 100
00000 1/5000000000000030000
000000000000 oooo 2%000000
0000o0oooooooooooo
0000000000000 000oooo 200
OMCOODDDOOOOOODODODOOO3000 De-
formed Marching Cubes 0000 0000O0O0O0O
000400000000000C0C0O0000QOODOO
50000000060000000

2. Marching Cubes O

2.1 Marching Cubes 0000

MCOOOOOOOOODODOOOOOOoOoOoOoOo
0000000000 00000000o0 100000
J0d0b0o0bOoOoobo0obooboOoobooooa
doddoooooooooboobobooooooono

Feb. 2008

000000000000000000000000
00D0000000000000 000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000026 00000000000000
0000000 1500000000000MCOD
000000000000000000000000
0000000000000000000000000
000000000000 000000000000
0000000000 0000000000MCOD
000000000000000000000000
00000000000000Y®00000000
oooooo
MCOOOOODOODOODOO 3000000000
ScR®*O00000000OOO0 f(p)DOOOOO
00000000000000000000000
peES<+ f(p)=0 (1)
peR?0300000000000000f0 SO
000000000 000D0O0000SO fO00D
000000000000
f0000D00D00OD0 3000000000000
000000000000 000000000000
00000 AD000O0D00 piyx 0000000
ooooooooo
Pi,jik : (hi, hj, hk) (4,5,k) € Z (2)
000 pi;x 00000000000 OO0O
di ik = f(Pijik) (3)
000000d,;, 000000000000000
00oOo0O0O0oooon
00008000000000000000 Ciyk(h)
000000000000
Cijk(h) = [ih, (i + 1)h] x [jh, (j + 1)h]
x[kh, (k + 1)h] (4)
O000O00f(p)=0000000000000
0000000000000 D00000004d000
0000000000000 D00000 800000
0000000 15000000000000000
oooo
22 0 O O
2.2.1 0O00O00OO
MCOOOOOOOOO0OOO0OOO0O000O00O000
000000000000000000000000
000000000000000000000000
0O00000000000000000000000
000000000000 000000000000



Vol. 49 No. 2

01 0D000Oooooooo
Fig.1 Problem in reconstructing sharp feature.
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Fig.2 Problem in reconstructing thin part.
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Fig.3 Moving lattice point into thin part.
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Fig.4 Moving lattice point on a top of sharp feature.
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Fig.5 Searching the inner points.
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Fig.6 Tracking the moved point.
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Fig.7 Detecting feature point.

U000 @eorner O 070000
e JIDOOIODODODOODOO
0000100 0000 nO00D0O0OO (e,n)
oood
n"(x—c)=0 (10)
0000000000000 (co,n0)0 (c1,n;)0
(c2,m2) 00000DOOO

Nox Noy noz X nOTco

Niz MNiy Niz Yy |= H1T01

N2z N2y Uy z ngcQ
(11)

0000 e, =(x,y,2) 00DO00O0DO0OOOODO
oooo
e JIDDOOODODDOODDOOODODO
00 (co,mo)d(ci,ny) 00000000002
ooboooboooo veO 2000000003
goobooobooooo
Ve = Ng X N1 (12)
JoooooobobobD 100 eccO0O0O0ce O
nn; 0000000 0O0ODOOOODODOOOO
(1)000D00000
0o00o0ob0ooDo0obOoOoboobooooobooo
00o00oD0000O0o0oOoDoOobOoobDOoobooo
0do0000obooooono 8sogbooooooooono
Jddo0oODbhO0000@mOoooooboooooo
doodooooobooooobooooo 9gooogno
gooobooobobobobooboobobooo
gbooboodoboooboobooboboobooo
gooobgoo
3.23 OOOOOO
goo0ooboooboobobobooboobooo
00000Dooooooooooooooooooo
e JI0DDOOODDOOODOOODO
30000000 ¢, OODOOODODDOOOO
gooooobooooooo



1036 ooooooooo

/ /
/7
08 OOOOO
Fig.8 Before deforming lattice.
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Fig.9 After deforming lattice.
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Fig. 14 Deforming lattice for convex object.
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Fig. 15 Deforming lattice for concave object.
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