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Not smooth
L
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Subdivision Surface
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Multiresolution Editing
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Continuous Formulation

𝑆 ⊂ ℝ$ a two-manifold ( ~ surface in 3D or ‘thin shell’)

Parametrized by 𝑝 ∶ Ω → 𝑆

Deformation 𝑝* = 𝑝 + 𝑑, 𝑝* ∈ 𝑆*

(𝑆* is the deformed manifold)
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Continuous Formulation

Elastic energy measuring deformation

𝐸01233 𝑑 = 4
5
𝑘0 ∥ 𝑑8 ∥9 +∥ 𝑑: ∥9 + 𝑘; ∥ 𝑑88 ∥9 +2 ∥ 𝑑8: ∥9 +∥ 𝑑:: ∥9 𝑑𝑢𝑑𝑣

𝑢, 𝑣 ∈ Ω

𝑘0 = stiffness parameter for stretching

𝑘; = stiffness parameter for bending
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Continuous Formulation

(∗)

𝐸01233 𝑑 = 4
5
𝑘0 ∥ 𝑑8 ∥9 +∥ 𝑑: ∥9 + 𝑘; ∥ 𝑑88 ∥9 +2 ∥ 𝑑8: ∥9 +∥ 𝑑:: ∥9 𝑑𝑢𝑑𝑣

Minimizing (∗) is equivalent to

−𝑘0Δ𝑑 + 𝑘;Δ9𝑑 = 0

(Euler-Lagrange PDE)
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Discretization

−𝑘0Δ𝑑 + 𝑘;Δ9𝑑 = 0

(Euler-Lagrange PDE)

Finite differences method

Δ𝑓 𝑣E = 𝑤E G
:H∈𝒩J(:H)

𝑤EM( 𝑓 𝑣M − 𝑓 𝑣E )
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Discretization

Δ𝑓 𝑣E = 𝑤E G
:H∈𝒩J(:H)

𝑤EM( 𝑓 𝑣M − 𝑓 𝑣E )

𝑤E =
1
𝐴E

𝑤EM =
1
2
( cot(𝛼EM) + cot(𝛽EM) )
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Numerical Solution

Δ𝑓 𝑣U
Δ𝑓 𝑣9

.

.
Δ𝑓 𝑣W

= 𝑀YU𝐿0

𝑓 𝑣U
𝑓 𝑣9
.
.

𝑓 𝑣W

𝐿0 =
G

:[∈𝒩J(:H)
𝑤E\ , 𝑖 = 𝑗,

𝑤EM, 𝑣\ ∈ 𝒩U 𝑣E ,
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝐿
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Numerical Solution

Δ𝑓 𝑣U
Δ𝑓 𝑣9

.

.
Δ𝑓 𝑣W

= 𝑀YU𝐿0

𝑓 𝑣U
𝑓 𝑣9
.
.

𝑓 𝑣W

−𝑘0𝑳 + 𝑘;𝑳𝟐 𝑑 = 0

𝐿
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Limitations

−𝑘0𝑳 + 𝑘;𝑳𝟐 𝑑 = 0

Problems occur when performing local rotations
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Multiresolution Hierarchies

Decompose S in low and high frequencies

𝑆 = 𝐵 ⊕𝐷

𝑆

𝐵 𝐵′

𝑆′
𝐷 𝐷
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Multiresolution Hierarchies

Straightforward approach : 𝑝E = 𝑏E + ℎE

Normal displacement method : 𝑝E = 𝑏E + ℎE ⋅ 𝑛(𝑏E)

Volume preservation



Thank you


