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% REAL-TIME MESH DEFORMATION (@) SSShapH 2023

Sculpting brushes using fundamental solutions of elasticity

based on regularized Kelvinlets
Meshfree, control of volume change, and extremely fast 7\
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Cage deformer
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many options available now

Mean-value coords [Floater 2003;
Ju et al. 2005; Thiery et al. 2018]

Maximum entropy coords

X = E (pi (x)vl [Hormann and Sukumar 2008] Complex coords [Weber et al. 2009]
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Cage deformer

based on generalized barycentric coordinates
many options available now

Boundary-aware, meshfree, extremely fast

v

X = 2 ¢;(x)v;
i i

X(x) = ) hi(0F
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Cage deformer

based on generalized barycentric coordinates

many options available now

Mean-value coords [Floater 2003;
Boundary-aware, meshfree, extremely fast Ju et al. 2005; Thiery et al. 2018]

Purely geometric, no elastic feel or volume control ?
(4

Maximum entropy cod : - | \ -

X = 2 Qbi (x)vi + 2 lpk (x)nk [Hormann and Sukumar 2008] Complex coords [Weber et al. 2009]

i i -
+ Green coordinates [Lipman et al. 2008]

X() = ) iCOTi + ) () (i)
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3 CONTRIBUTIONS (@) SSGhARH 2023

Inject elasticity into cage deformers for fast volumetric deformation
Matrix-valued coordinates, extending Green coordinates
Derived from linear elasticity and mimicking elastic behaviors

Invariant under similarity transformations through corotational formulation

Control over volume change and local bulge
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Carlo Somigliana

[ u(x) = x ]
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Compute SC w.r.t. a triangulated cage

1 T; and K, as matrix functions of Poisson ratio v
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Compute SC w.r.t. a triangulated cage
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/ ng
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Compute SC w.r.t. a triangulated cage

1 T; and K, as matrix functions of Poisson ratio v
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T;(x) and K;(x) are not rotationally invariant

Typical remedy: corotational formulation

X(x) = <z R;T; (x)R{)1 li(x)Rfﬁi + k (x)R@
[ [ k

%k:

21 —=v)
_'[1-—2v T

Ryny

2v(d — 1)

1—2v

Ak]Rknk

@ SIGGRAPH 2023
LOS ANGELES+ 6-10 AUG

A
Vit Y
SAF

%




% COROTATIONAL FORMULATION (@) SSGhARH 2023

T;(x) and K (x) are not rotationally invariant '{".“&.( >
Typical remedy: corotational formulation 4’ ;‘

_1

%(x) = (Z RIT, (x)Rf) li(xmfﬁi + YRR %

i i K
T = spRpny
d e

Estimate {R,, } for each boundary facet
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A\‘:?*\'j‘é‘z'!%

AT =N g .A\

Rest pose Global variant In between Local variant

Rk = Rgiopal, Ak = Agiopar from the optimal blend global and local Ry, A R, and 4, are decuded on per facet basis
similarity transformation
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Normal stretching factor n, for each cage facet

No information about out-of-plane deformation

E.g., account for curvature change for local bulging

M = Ay exp(y i/ (247 'm)) A

Compute on-the-fly \

+Bx
Our choice of R;, 4,1, keeps the deformation

invariant under similarity transformations

X(sRx+t) =sRx(x) +t
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SC is equivalent to GC in 2D, forv = c,andy = 0

2D SC deformation with v =, y = 0

Expressed in complex numbers
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Through Cauchy integral formula

~ 1 Le (ytn 1 ¢ i ~
x(x)=— —I+—(nr" —rn do
() 2”;/0 (r2 Y )5 doy
_ 1 Z /L" 1 [ (rin1+rzn; 0
2w &4 Jy 12 0 riny+rang

0 roni—ring\ | -
* (rlnz—rgnl 0 y doy.

1 Le riny + rony +1i(ringy —rong) —
Py ; y doy
21 0 r'r

1 Le (r1 —iry)(nq +1ing) _

— y doy
27 Jo r*r

1 Le r*n~ LL’ ~° d
— oy = — Zi-n do
21 Jo r*ry Y~ 2ni o T Y

) —

1 [Ty,
2l Jp r

2, ()=3.C,2),
j=1

Cj(z) = L.[BJH(Z) IOg[Bj”(Z)] _ Bf‘l(z) log[ BJ'(Z) JJ
2mi| 4, B.(2) 4, B, ,(2)

Cauchy-Green complex barycentric coordinates

Theorem 3: Lipman's 2D Green coordinates [LLCO08] are
identical to discrete Cauchy coordinates.

[Weber et at. 2009]
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1 1—«
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U
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1 1—«
r Ko@) = [ %@,0)do, = 2|a] j des ] 4B 5 (y(a, B), )
0 0

A
‘o (a,B)

#query points: 39k

"N/ Coord. computation N
#quadratures per face: 7500 /N P [ 3 &

time: 1.5s
#cage faces: 184

' b
{(aj;ﬁj)»wj} 2|Ak| z W] ( (a]’ IBJ r3(aj, IB]) T(aj, :Bj)rt(aj’ ﬁ]))
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Better volume preservation (v)

-(‘I,."'f"’""Larger local bulging (y)
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Cage triangulation may break the symmetry

Compute SC on quad meshes

Adopt other bulging factors less sensitive to the triangulation

Accelerate SC computations
Adaptive quadrature rules for far- and near-field evaluations

Derive closed-form expressions

Space-time cages for real-time animation editing
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Code available here




