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● A mapping 𝐟 𝑥, 𝑦 : ℝ2 → ℝ2 is defined by 

two functions:
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Distortion types

● Conformal – angle preserving

● Isometric – length preserving

● Authalic - area presereing
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Gradients on surfaces

● Like the Euclidean gradient

● Arrow pointing in the steepest direction

● libIGL tutorial 204
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Gradients on surfaces

Arrows are tangent to 

the surface 

described in local 

frames
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Discrete Gradients

● Functions are interpolated linearly on 

each face

● The gradient is an arrow on a face
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The Gradient Matrices

Given a local frame per face compute the 

directional derivative w.r.t. the frames
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𝐷𝑥 𝐷𝑦

𝛻𝑓 = 𝐷𝑥𝑓, 𝐷𝑦𝑓

#𝐹 × 2

#𝑉 × 1 #𝐹 × #𝑉

#𝐹 × 2
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Example: Dirichlet energy
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2 =
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2

𝐴 =
𝐴1 ⋯ 0
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0 ⋯ 𝐴#𝐹

#𝐹 × 4
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𝒜T𝒜 =
𝐷𝑥
𝑇𝐴𝐷𝑥 + 𝐷𝑦

𝑇𝐴𝐷𝑦 0

0 𝐷𝑥
𝑇𝐴𝐷𝑥 + 𝐷𝑦

𝑇𝐴𝐷𝑦

𝐿 0
0 𝐿

Cotangent Laplacian
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In the assignment

● Conformal – angle preserving

● Isometric – length preserving

● Authalic - area presereing
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Boundary Conditions

In the assignment you are asked to fixed 

the boundary of the parameterization to a 

disc, or to fixed two vertices. These 

constraints can be specified by a linear 

system
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𝐶
𝑢
𝑣

= 𝑑
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𝐶
𝑢
𝑣

= 𝑑

min
𝑢,𝑣

𝒜
𝑢
𝑣

− 𝑏
2

𝑆. 𝑇.

solve 𝒜T𝒜 𝐶𝑇

𝐶 0

𝑢
𝑣
𝜆

= 𝒜T𝑏
𝑑

Lagrange multipliers

Can be ignored
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