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Polarization
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Stokes Vector and Mueller Matrix
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Face Model
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• Oiliness
• Main specular reflection

• Outer layer
• Epidermis + upper part of the dermis

• Inner layer
• Lower part of the dermis

Epidermis

Dermis

Oiliness

Figure from Dermatology Lecture Notes, Eleventh Edition.
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Human Skin: Subsurface Scattering
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• Bidirectional Subsurface Scattering Reflectance Distribution Function

Surface



Related Work
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• Human face: beneath skin

Donner et al. 2008

Jimenez et al. 2010Gitlina et al. 2010

Aliaga et al. 2022

Aliaga et al. 2023
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• Polarimetry

Baek et al. 2018

Hwang et al. 2022

Ghosh et al. 2010

Kadambi et al. 2010 Zhao et al. 2020



Goals
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Hardware
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• Capture multispectral polarimetric stereo images



Hardware: Stereo Imaging
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Geometric information

Two color machine vision cameras

Left

Right

Objects

Disparity



Hardware: Polarimetric Imaging
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Polarimetric information

Polarization camera

Linear polarizer

Polarization camera

Image sensor
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0° images 90° images 45° images 135° images



Hardware: Multispectral Imaging
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Spectral reflectance information
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Polarimetric Reflectance Model
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air

pBSSRDF:

Our pBSSRDF includes 3 types of reflection
• Specular
• Single scattering
• Subsurface scattering



Coordinate 
conversion

Fresnel 
reflection

Coordinate 
conversion

Polarimetric BSSRDF: Specular
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Baek et al. 2018.
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Normal distribution 
function

Geometric shading

Polarimetric BSSRDF: Single Scattering
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Hwang et al. 2022.
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Polarimetric BSSRDF: Subsurface Scattering
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Optimization Strategy
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Static stage

Initial mesh and 
texture

Mesh Texture



Optimization Strategy
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Static stage

Initial mesh and 
texture

Polarimetric inverse 
rendering Biophysical optimization

Per-frame tracked 
mesh and texture

Dynamic stage per frame
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Mesh tracking

Texture
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Optimization Strategy
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Static stage

Initial mesh and 
texture

Polarimetric inverse 
rendering Biophysical optimization

Per frame tracked 
mesh and texture

Polarimetric inverse 
rendering Biophysical optimization

Dynamic stage per frame

Initial parameters



Static Capture Stage



Dynamic Capture Stage



Optimization of Polarimetric BSSRDF and Normal
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: refractive index loss

: subsurface scattering loss

: specular and single scattering loss

: normal loss



Optimization of Biophysical Parameters
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Rendering each wavelength (420nm ~ 670nm)Parameter map

He. (outer) He. (inner)

Melanin Rel. eumel.



Optimization of Biophysical Parameters
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Camera response

Target cameras

Dolby left

Dolby right

Gradient descent

Rendering each wavelength (420nm ~ 670nm)



Subsurface scattering

Hierarchical Optimization of Biophysical Parameters
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Validation
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Comparison

34

Hwang Ours
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Geometry Comparison

Stereo matching (Beeler et al. 2010) Hwang et al. 2022 Ours



Heterogeneous Multi-layered Translucent Materials
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Editing Face Parameters

Photograph Rendering Increase melaninIncrease outer hemoglobin





Limitations and Future work
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Restrict by the two-layer skin model
- Future research could be on eyes and ears

- Darker skin cannot be estimated properly

Quality restricted by hardware
- Low resolution and SNR compared to RGB

- Near-coaxial setup of camera and light

He. (outer) He. (inner)RenderPhoto.



Thank you

Project Website

https://vclab.kaist.ac.kr/siggraphasia2024

Interactive discussion at Table 8


