


Learning shape variations 
from data



Correspondence

We can describe a shape as 

Γ = {𝑥 + 𝑢(𝑥)|𝑥 ∈ Γ𝑅}

for some 𝑢 ∶ Γ𝑅 → ℝ2.



Correspondence

We can describe a shape as 

Γ = {𝑥 + 𝑢(𝑥)|𝑥 ∈ Γ𝑅}

for some 𝑢 ∶ Γ𝑅 → ℝ2.

𝑢 establishes correspondence 

between the points of the 
shapes.



Correspondence

Correspondence makes shapes comparable

• We can measure differences and compute statistics

𝑢1 ∶ ΓR → ℝ2 𝑢2 ∶ ΓR → ℝ2 … 𝑢𝑛 ∶ ΓR → ℝ2



Learning shape variability
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Building statistical shape models

1. Define a reference shape

2. Find deformations 𝑢1, … , 𝑢𝑛

from example data

3. Estimate mean 𝜇 and covariance 
function 𝑘 from 𝑢1, … , 𝑢𝑛

4. Define 𝑢 ∼ 𝐺𝑃(𝜇, 𝑘)

5. Final shape model:
Γ = 𝑥 + 𝑢 𝑥 x ∈ Γ𝑅

Open problem: How do we find the 
deformations?

Mean hand shape


