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Lighting from Laplacian and Shading
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Ambiguity
𝐿(𝑛) = 𝐿(−𝑛)
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Cone-shape
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Our approach: We use locally planar-patches to estimate lighting, and then estimate 
full shape.
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Looking at the sign w", then

or

𝒑𝒃 ≈ 𝒑𝒄 ≈ 𝒑𝒊≈ 𝒑𝒍
𝒒𝒂 ≈ 𝒒𝒃 ≈ 𝒒𝒊 ≈ 𝒒𝒋
⇨Locally planar patch
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Pick n patches and find sign 
that minimizes 𝜂 with RANSAC

Reverse Photometric Stereo

Solution: Least Square Estimation

GT shading Rendered by *S

Objective function:

𝑡 parametrization

Laplacian 
Error

Sign Corrected
Subset

No data driven or 
smootheness prior

Overview:  We derived cotangent weight 
𝑤'( in 𝑝, 𝑞 form to compute Laplacian.

Input
Shading

Input
Laplacian SfS SfL

Ours
(SFLS)

Ground 
Truth

D
ro

pl
et

 W
av

e
W

in
eg

la
ss

Bu
nn

y
Ig

ea

Both Laplacian and shading suffer from shape ambiguity.
Combining Laplacian and shading resolves shape ambiguity and enables 
shape reconstruction without priors.
Lighting can be estimated from Laplacian and shading.
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Laplacian and Shading
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Ambiguity in Shading
Normal lie along the cone
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Ambiguity in Laplacian
Laplacian preserves local curvature
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