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(Calibrated) Photometric Stereo
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𝑓: # of images, 𝑝: # of pixels

𝑀 ∈ ℝ𝑓×𝑝 𝐿 ∈ ℝ𝑓×3 𝑁 ∈ ℝ3×𝑝

Diagonal light intensity matrix 𝐸
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Calibration of light – Direction and Intensity

• Direction - Easier • Intensity - Harder

Observation of specular reflections High-dynamic range imaging

Quantization, power fluctuations, 

anisotropy
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Light source intensities and exposures



Light source intensities and exposures



Semi-Calibrated Photometric Stereo

𝑀 𝐿
𝑁

≃ 𝐸

Unknown Unknown

Merits:

• Unknown and varying light source intensities

• Unknown and varying exposure times

• Compatible to conventional photometric stereo

Problem: Find 𝐸 and 𝑁 that best satisfies 𝑀 ≃ 𝐸𝐿𝑁



Linear solution method 𝑀 𝐿
𝑁

≃ 𝐸

Problem: Find 𝐸 and 𝑁 that best satisfies 𝑀 ≃ 𝐸𝐿𝑁

𝐸 invertible: 𝐸−1𝑀 − 𝐿𝑁 ≃ 𝟎

−𝐼𝑝 ⊗𝐿 | diag 𝑚1 | … |diag(𝑚𝑝)
𝑇 vec(N)

𝐸−1𝟏
≃ 𝟎

Turn it into 𝐴𝑥 = 0 form

… …

≃ 𝟎



Alternating minimization method

𝐸(𝑡+1) = argmin
𝐸

‖𝑀 − 𝐸𝐿𝑁(𝑡)‖𝐹
2

𝑁(𝑡+1) = argmin
𝑁

‖𝑀 − 𝐸(𝑡)𝐿𝑁‖𝐹
2

Fix 𝐸 and solve for 𝑁

Fix 𝑁 and solve for 𝐸



Experiment – synthetic scene

Proposed method

Linear Factorization Alternating

Minimization

Conventional L2 L1 CBR

[Ikehata et al.]
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Quantitative evaluation



Experiment – real data
Input

Proposed method

Linear Factorization Alternating

Minimization

Conventional L2 L1 CBR
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Proposed method
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Summary – Semi-calibrated photometric stereo

• Light ``intensity’’ calibration is not easy, while ``direction’’ 
calibration is manageable

• Applicable to conventional photometric stereo settings
• Without careful intensity calibration

• With auto-exposure  reduced noise


