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Fast Volume-Preserving Mesh Deformation
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Abstract Interactive mesh editing techniques are commonly used for creating a new mesh model by deforming existing
mesh models. In surface-based deformation, geometric shapes are encoded using differential equations, and they are deformed
so that the equations and other constraints are satisfied in a least-squares sense. Although constraints are typically approxi-
mated as linear equations, constraints that preserve volume require nonlinear equations. In such cases, it is time-consuming
to solve the nonlinear equations. In our method, we enclose a mesh model with multiple overlapping lattices so that a subset
of vertices is shared by two or more lattices. Then, the vertex coordinates in equations are replaced by the coordinates of the
lattices. Vertices shared by multiple lattices are used to propagate deformation between disconnected lattices. Our method

makes it possible to efficiently solve non-linear equations and interactively deform mesh models while preserving the volume

of mesh models.
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Effect of volume-preserving deformation.
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Change of variables by lattice points.

2, J0DbOOOoOobOOoboOoogoon

2.1 00O0ODDOO0OOOOO

0000000000 00D0000000000000nO
0000000000000D00000000 Y»00000
0000D000X 000000000000 00 AX=b
0000000000000 ¢ 0000 {z;,y:,2} O
00000000000000 n 0000000 DOO
X = (21,91, 21, T2, Y2, 22, -, Ty Yny 2n) L 0000000
O00ADOODODO O mOOOOOmx3n 00000
O0bO0O»O00000000D0000O00O0DDOOOO
000000000000000000D0DO0000O00
O0D0D0DO0DO0ATAX =ATb000000DOODO0
000000000000 0000000D0000000
000000000000000000000000 Y.

0000000000000 000000000000
000000000000 ¢g(X)=0000000000
0000000000000 XO0O0O00oooooooo

m)}n ||AX —b||*> subject to g(X)=0 (1)

O00000000000000000000 Newton OO

2 (2)

goboooboooboooboobooboooboo
goboooboobbuoobboobboobboon

2.2 OO0OO0OOO

Huang O ® 000000000000 OOOOOOO
00000000000 2000000000000000
goboobboobooboooboboobboon
gooobobopoooboboobobooboboon
000000000000 X O0Ooooooooooo
0000000 pPOO0ODOOWOOOODO

X=WP (2)

0000000000 (1)ooooo POOODODOO
(2) 0000000000000 0OUDOODODOODO
0000o0o0ooo0oo0oo 400000000000
cooooobocoobobooooooooooo
00000000 (2000 WO 0DOODOOooOoOo
coboooobooooboocoocoooooooboOooDno
coobooooobocoboooobooOoooocooooa
codoooooooooobooOoooOooooboOobooOooo
totoooooboooooooboboooooooooo
coboodooooobooobbooobOoOoooboooo
cobooooboocoooOooooooobooboOooonon
uboboobOoooooooOooooboOoooooonon
coboooobooooobobooobooboOoobooboOooDno
coboooooooooooobOoooboooooo
03000000000000O00ODOOOOBOOOO0O
coooooooOoooooooboooobooboobOboOooo
coboooobooooboocooooOooooooboboooao
coooooobooooooooocooOooooobooo
cooooobooooboocobbooobOoboboOooo
cobooooboocoooOoooooooooooa
obboooboooooboooooobobooobobooDno
cobooooooooooobooOoooocoooooooo
cooooooboocoooooooooooooobobooon
goooooooooooooooOoOooODoODOODO 20
coboooobooooooooboooOoboOoooOooobooa
coboooobooooboocoooOooOooooboboOooDnon
o0oo0ooo0oo0oLooooooooo200 pg, p; O
000000000 2nlp;—p;|/LO000O0O0OOOO0O
0000000000000 00DO0 "00000DDO
coooooobOoooooobooooooocooooo
coooooooooOoooooobooOoooocOooooo
oooo0O0o000034000000000000000
cobooooboocoooboocobooOooboocOooooa
gobooooooooboocOoooOoooboobooOoooon
00o0ooo0o0oo03400000000000000
cobooooooooobobooobooooooboooo
coboooobooooboocoooooooooboOooo
400000000000000000000UO0A,B,CO

00000000000 Vol.63, No.5 (2009)



0000000000000 ADODODODOO0OO
x;4) 0000000 ADOODD py4 0000000
000000000 B,C00000000000000
000000000000D0000000000000
000D00000000000000000000000
000000000000 00000000000000
00D00000000000000000000000
000000D000000000000000 x;000
D000A, BOODOODOODODO000 10000
00000 «00000000000000000

Xi(A,B) = OXj(A) + (1 — CM)Xi(B) (3)

a0 05000000000000000 A4, BOOO
000 da,dg 000000 (4900000000000
goboobbobobooboboobobooboobog
gobbooobooobooo

a:dA/(dA+dB) (4)

000000000000000000000000OO0
00000000000000000000 (2)000 W
006000000000000000 x;000000
00000000000000000000000000
000 WO00O0OOOOO0O00O0000000000
00000000000000000000000000
0000000000000000000 WOOOOo

000000000 (1)00000000350000
0 (22)-(25) 000000000 DOHuWang 0000 9 O
00000000000000000 »n00000000
00 »20000000000000000060000
00000000000 mOO0ODOO0O0O0O0O0O000000
mn 000000000 DDO0O0O0O0OOOOOOOO
00000000000000000000000 1/k0
00000000000 1/k0000000000000
00000040000000000000000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000(0 8)0

3. Joo0obOooooboobogo

3.1 0000

uobooooooooboooooboooooooooa
coboooobooooboocoooooooooboboooao
00000 Y00000000000 Ly(p)0DOOD O
0000000 N(G@)ODODOOoOooooooooo®o

0O Oo 000000000000000000

03 00000O0OO0obo0oooobooboobo
Regions selected by the user.
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Change of variables by multiple lattices.
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Calculation of points in overlapping lattices.
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Sparse coeffience matrix compared to previous methods.
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Calculation of discrete mean curvature.
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Comparison of deformations by a single and three lattices.
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Propagation of deformation between lattices.
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Deformation by multiple lattices.
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Deformation by multiple lattices.
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Timing of deformations by multiple lattices.
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