
We represent face as a volumetric reflectance field , a 
volumetric density (𝜎) and reflectance function (𝑅) pair 

𝜎 𝐱 :ℝ3 → ℝ+ ; 𝑅 𝛚in, 𝐱, 𝐝 :ℝ3 × ℝ3 × ℝ3 → ℝ s.t.

𝐿𝑜𝑢𝑡(𝐱, 𝐝) = න

𝛚𝐢n∈𝑆

𝑅 𝛚𝑖𝑛 , 𝐱, 𝐝 ⋅ 𝐿𝑖𝑛 𝛚𝑖𝑛 𝑑𝜔

The lightstage discretizes incident light directions 𝑆 into a 
finite set 𝐼, for 𝑖 ∈ 𝐼 s. t. 𝑆𝑖 ⊆ 𝑆.

𝐿𝑜𝑢𝑡(𝐱, 𝐝) ≈

𝑖∈𝐼

𝑅 𝛚𝑖 , 𝐱, 𝐝 ⋅ 𝐿𝑖𝑛(𝛚𝑖)

OLATs as a light basis allow us to compose natural lighting 
conditions. Under natural illumination conditions: 

∀𝑖 ∈ 𝐼 ∃ 𝑓𝑖 s.t. 𝐿𝑖𝑛 𝜔𝑖 = 𝑓𝑖 ⋅ 𝐿𝑖𝑛(𝛚𝑖)

𝐿𝑜𝑢𝑡(𝐱, 𝐝) ≈

𝑖∈𝐼

𝑓𝑖 ⋅ න

𝑡𝑛

𝑡𝑓

𝑇 𝑡 𝜎 𝐱(𝑡) 𝑅 𝛚𝑖 , 𝐱(𝑡), 𝐝 𝐿𝑖𝑛 𝛚𝑖 𝑑𝑡

= 

𝑖∈𝐼

𝑓𝑖 ⋅ 𝐿 𝛚𝑖 , 𝑟
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VoRF: Volumetric Relightable Faces 

Motivation Results

Face Reflectance Fields

https://vcai.mpi-inf.mpg.de/projects/VoRF/
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ℒ𝑡𝑒𝑠𝑡 = 𝛼 ℒ𝑟𝑔𝑏 + 𝛽ℒ𝑟𝑒𝑔 + 𝛾ℒℎ

ℒ𝑡𝑟𝑎𝑖𝑛 = 𝛼 ℒ𝑟𝑔𝑏 + 𝛽ℒ𝑟𝑒𝑔 + 𝛿ℒℎ + 𝛿ℒOLAT
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ℒOLAT ≔

𝑗∈𝕁

𝐎𝑗,𝑖 − 𝐎𝑗,𝑖

𝑆 𝐎𝑗,𝑖 + 𝜖
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𝑤ℎ𝑒𝑟𝑒, ℙ 𝑤𝑟,𝑘 ∝ 𝑒− 𝑤𝑟,𝑘 + 𝑒− 1−𝑤𝑟,𝑘

ℒℎ ≔

𝑟,𝑘

− log ℙ 𝑤𝑟,𝑘

• Portrait viewpoint and illumination editing is crucial for 
AR/VR applications.

• Comprehensive knowledge of geometry and illumination 
is critical for obtaining photorealistic results.

• Can we learn a diverse distribution of faces and 
illuminations to generalize to unseen subjects ?

• Can we accurately model the face reflectance through a 
data-driven approach? 
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