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similarity transformation
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Rest pose Local variant
𝑅! and 𝜆! are decuded on per facet basis

Global variant
𝑅! = 𝑅"#$%&#, 𝜆! = 𝜆"#$%&# from the optimal 
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GLOBAL VS. LOCAL ROTATION & TANGENT 
STRETCHES

8

Rest pose Local variant
𝑅! and 𝜆! are decuded on per facet basis

In between
blend global and local 𝑅!, 𝜆!

Global variant
𝑅! = 𝑅"#$%&#, 𝜆! = 𝜆"#$%&# from the optimal 

similarity transformation



CURVATURE-BASED NORMAL STRETCHES

• Normal stretching factor 𝜂" for each cage facet 
− No information about out-of-plane deformation

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

𝜂" = 𝜆" exp(𝛾𝛽"/(2234𝜋))
− Compute on-the-fly

• Our choice of 𝑅+ , 𝜆+ , 𝜂+ keeps the deformation 
invariant under similarity transformations

&𝒙 𝑠𝑅𝒙 + 𝒕 = 𝑠𝑅&𝒙 𝒙 + 𝒕

9

Small 𝜸 Large 𝜸

+𝛽"
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RELATION TO GREEN’S COORDINATES

• SC is equivalent to GC in 2D, 𝐟𝐨𝐫 𝝂 = ∞, 𝐚𝐧𝐝 𝜸 = 𝟎

10
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2D SC deformation with 𝝂 = ∞, 𝜸 = 𝟎 Expressed in complex numbers

[Weber et at. 2009]

Through Cauchy integral formula



IMPLEMENTATION
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𝑤(
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𝑰 +
𝑏

𝑟) 𝛼( , 𝛽(
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• #query points: 39k 

• #quadratures per face: 7500

• #cage faces: 184

IMPLEMENTATION

11

𝐾! 𝒙 = $
∆#
𝒦 𝒚, 𝒙 d𝜎𝒚 = 2 ∆! $

$

%
d𝛼$

$

%&'
d𝛽 𝒦(𝒚 𝛼, 𝛽 , 𝒙)

{ 𝛼+ , 𝛽+ , 𝑤+} 2 ∆! 0
(

𝑤(
𝑎 − 𝑏
𝑟 𝛼( , 𝛽(

𝑰 +
𝑏

𝑟) 𝛼( , 𝛽(
𝒓 𝛼( , 𝛽( 𝒓*(𝛼( , 𝛽()

≈
𝒙

𝒚(𝛼, 𝛽)

𝒓

Coord. computation 
time: 1.5s
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VOLUME PRESERVING VS. LOCAL BULGING

Better volume preservation (𝝂)
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COMPARISONS
(Global variant) (Global variant)
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FUTURE WORKS

• 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


