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Polarization o

Wavelength (1)

[
3-6 December2024  Tokyo International Forum, Japan  ASIA SIGGRAPH.ORG/2024 Sponsored by ’Q' Organizedby &y F\
4



Stokes Vector and Mueller Matrix N

<« Interaction <
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Stokes vector Mueller matrix
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Face Model

* Oiliness

: . Qiliness
* Main specular reflection ) o
a2
3
e Quter layer _
. . . >
* Epidermis + upper part of the dermis : Dermis
Ch ; O ut Om /Bm ) Figure from Dermatology Lecture Notes, Eleventh Edition.
Fraction of hemoglobin  Fraction of melanin  Fraction of eumelanin
in melanin

* Inner layer
* Lower part of the dermis

520 570
Wavelength (nm)

Absorption coefficients eox
— Oxy-hemoglobin (0,) — Deoxy-hemoglobin (a,°"*)

— Eumelanin (65™) Pheomelanin (cb™) Skin base (a?)

Fraction of hemoglobin in inner layer
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Human Skin: Subsurface Scattering $33

« Bidirectional Subsurface Scattering Reflectance Distribution Functigh
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Related Work TH

e Human face: beneath skin

, | ,.. ! I J I
i
Gltllna et aI 2010 | Jlrﬁenez ét al. 2010 Aliaga et al. 2023
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Related Work IR

* Polarimetry

S <
Lo,

e

= bt
L AT R D

) Sr1e : 1ot
‘;““r“\"“ﬁ ® Photometric optimization

':""‘;;V'\?. 3 ® Polarimetric optimization
e
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@ RGB image

Our capture device Our 3D reconstruction

AoP image
+ DoP image

10X 10X 4X

3D Geometry Index of refraction  Angle of linear polarization 3D Mueller matrix (positive) of polarimetric SVBRDF

0 I T

Kadambi et al. 2010 Zhao et al. 2020 Hwang et al. 2022
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Goals $s
Specular Multispectral
: Geometry
appearance subsurface scattering
j.ul \i' '
E
Polarimetric Biophysical Inverse
reflectance parameters rendering
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Full rendering

Angle of linear polarization
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Hardware ::;

e Capture multispectral polarimetric INEES

" koelnmesse
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Hardware: Stereo Imaging 233

Geometric information - ifi Recti‘fied
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Two color machine vision cameras Objects
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Hardware: Polarimetric Imaging T

Polarimetric information 27

N

Linear polarizer ‘ NN
WZ\1 7
==

' Image sensor

10cm

Polarization camera

Y

Polarization camera - 0° images 90° images 45° images  135° images
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Hardware: Multispectral Imaging 383

Spectral reflectance information

Linear polarizer

N=—= \—A
NE=EN=
Polarization cameras

’ Dolby filter

= == == (R,G,B) Dolby left filter

=« == we (R,G,B) Dolby right filter

Camera response

Dolby 3D glasses

420 470 520 570 20 570 Dolby left  Dolby right
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Polarimetric Reflectance Model IR

pBSSRDF:  §, = P<wz’7wo)si

Our pBSSRDF includes 3 types of reflection

e Specular
SS

o * Single scattering
e Subsurface scattering

P = Ps ‘|'Pss +Psss

zedby v ¢ o koelnmesse
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Polarimetric BSSRDF: Specular §8t

— n S, = P(w;,w,)s;
polarize .
s Wi ' Wo Baek et al. 2018.
'E; S Coordinate Fresnel Coordinate
8 partially conversion reflection conversion
6 polarized
$
e P, = . g ) i
|

unpolarized

Object

Normal distribution Geometric shading

function .(as ).(as)

~hs = Ps 4(n-w;)(nw,)

]
Sponsored by @ Organized by o | ..: koelnmesse

17



Polarimetric BSSRDF: Single Scattering

S
polarized
A

>

partially
pola[ized

v

O

unpolarize

Degree of polarization

1

Wi Wo

d

Object

Pss ~

S, = P(w;,w,)s;
Hwang et al. 2022.

Coordinate Fresnel Coordinate
conversion reflection conversion

i

Normal distribution Geometric shading

function .(C){SS,(&SS)

*Rss = Pss dnw;)(nw,)

(]
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Polarimetric BSSRDF: Subsurface Scattering T

S
polarized
A

>

partially
pola[ized

v

O

unpolarized

Degree of polarization

Object

S, = P(w;,w,)s;

Depolarization Fresnel transmittance

Poo= Y CasbFT(x)D(psss(llxi — xoll)) - BT (x;) Cisn
X ;€S Subsurface scattering Coordinate
conversion
Biophysical Parameters
X3 - ORNKD i e t’. &\ [2A) &7
‘v’
\ =
He. (outer) He. (inner) Melanin Rel. eumel.

]
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Optimization Strategy 13

Static stage

Textu

[
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Optimization Strategy $38

Static stage

Dynamic stage per frame

Mesh tracking

[
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Optimization Strategy

Static stage

Polarimetric inverse
rendering

Initial parameters

Dynamic stage per frame

Polarimetric inverse
— —

rendering

o
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Static Capture Stage $38

Stereo camera module

Dolby left polar. image Dolby right polar. image

Stereo camera module Stereo camera module

3-6Dec Inmesse

Stereo camera module

Stage: Static capture
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Dynamic Capture Stage 3t

Stereo camera module

Dolby left polar. image Dolby right polar. image

Stereo camera module

Stereo camera module

3-6Dec Inmesse

Stereo camera module

Stage: Dynamic capture




Optimization of Polarimetric BSSRDF and Normal §3

7770537C¥3371)/0Ii:},£133,ﬁ333,H )\wﬁw —|_ )\SSS- —l_ )\S._|_ )\Qb._l_ Ereg

ﬁw : refractive index loss ‘CS . specular and single scattering loss

£SSS : subsurface scattering loss £¢ : normal loss

zedby v ¢ o koelnmesse
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Optimization of Biophysical Parameters 355

g ot
- ﬁ' L e 7
'%Ianin “Rel. eumel.
Parameter map Rendering each wavelength (420nm ~ 670nm)
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Optimization of Biophysical Parameters 13
—

Gradient descent

Dolby left

Dolby right

Rendering each wavelength (420nm ~ 670nm) Target cameras
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. 1 )

Hierarchical Optimization of Biophysical Parameters $38

Y T

w Melanin Rel. eumel.

Estimate using color + blurriness

Down-sampling

Subsutfreadeaingring Estimate using color Biophysical parameters

[
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Validation

1)
LA
LA

Material

Red billiard
Green billiard
Blue billiard
White billiard
POM

Fake pearl
Yellow silicone
Pink silicone
White silicone

O OO0 1 O U W
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Light green silicone

Reflectance

Tokyo International Forum, Japan

Hours

4x
Ground-truth

eForehead

Rendered DoP

0]
420 470 520 570 620
Wavelength[nm]
—_—GT
ASIA.SIGGRAPH.ORG/2024

Difference Rendered DoP

Without pBSSRDF

Difference

470 520 570

Wavelength[nm]

RGB e Ours
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U

Cam. Light

Rotating a linear polarization filter on the camera Rotating a linear polarization filter on the light

Polarization rendering
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Full rendering Multispectral two-layer subsurface scattering
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Full rendering Hemoglobin (outer) Hemoglobin (inner)



Pressing forehead



Comparison $38

0.25

Riviere Hwang Ours

Difference

0.0

11 participants RMSE (X10?)
> @ Qarized by "":koelnmesse
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Full rendering (Riviere et al. [2020]) Full rendering (Hwang et al. [2022]) Full rendering (ours)



Geometry Comparison

Stereo matching (Beeler et al. 2010) Hwang et al. 2022
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Heterogeneous Multi-layered Translucent Materials

Full light

Strips

Strong strips

Texture
(Gotardo et al. 2018)

Homogeneous
(Donner and Jensen 2006)

Albedo-mapped
(Riviere et al. 2020)

Heterogeneous
(Ours)




Editing Face Parameters $88

Photograph Rendering Increase outer hemoglobin Increase melanin
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Limitations and Future work IR

] . - Future research could be on eyes and ears
(/@ Restrict by the two-layer skin model

- Darker skin cannot be estimated properly

Photo. Render He. (outer) He. (inner)

- Low resolution and SNR compared to RGB

ﬂ Quality restricted by hardware . _
- Near-coaxial setup of camera and light
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Interactive discussion at Table 8

Project Website

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