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Polarization in Stokes parameters (@ o
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Motivation @ SIGGRAPH 2024

Spherical harmonics (SH) work well
J for scalar intensity

SH do not work for polarized light




The frame matters (@) e

Stokes parameters

Stokes vector field ]? Frame field ﬁ(@) w.r.t frame

continuous
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Problem: singularity ?
Not avoidable due to the Hairy ball theorem




Why SH work well for scalar intensity? ) SCEralIE

Precomputed radiance transfer
[Sloan etfal’ 2002]

Rotation Rendering equation
< BRDF
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Pointwise product Convolution
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Angular domain ‘ O‘Q *Q»@

Frequency domain

Monte Carlo ray tracing
[Belcour et'al‘201 8]

Appearance capture
[Ramamoorthifet’al®*2001]
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Frequency domain operations

Benefits:
SH theory v Rotation invariance

Real Photograph Rendered Image

Subsurface scattering

#[Zhaoet'al®2014]
S ‘iypz‘ r ‘v:gpi

v/ Convolution to elementwise product

v Other benefits...

(© Method (Order-3) |1 RO
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Why spherical harmonics (SH) work well
for scalar intensity?

Lb v Rotation invariance

v Convolution into elementwise product

SH do not work for polarized light
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X No rotation invariance

Our polarized SH work for polarized light
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v Rotation invariance
() \‘} ol Q O v Convolution into nearly elementwise product
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Monte Carlo ray tracing AT R T
[Belcour et al. 2018] Zhao et al, 2014 J
4260 minsll 115, 2 mint

. VI w
> " N . .
o “f =
. { ’ ;) 4 2
- y o
- e |

Precomputed radiancetransfer
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SH theory Polarized SH theory




Polarized spherical harmonics theory
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Spin-2 SH (w.r.t. §¢-frame field)
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Proposition 5.4: Polarized spherical harmonics matrix of the rotation in PSH

of & and &.

in Supplemenhl Section 5.9.



Real-time polarized rendering

Rendered under a polarized environment map

Intensity (s,)

@ SIGGRAPH 2024

¥ Visualization options for polarization

Polarizer Setting

s

Environment map view mode
Positive

Colormap scale
1.000 scaling
Ganma Correction

Application average 10.563 ms/frame (94.7 FPS)

(94.7 FPS)

1.580 Camera rotation spe
Light rotation setti ng

Light rotation
1.000 Light on spee
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Polarized spherical harmonics (@ i

Polarized SH

(conventional)

spin-0 SH

(conventional)

spin-0 SH
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Polarized spherical harmonics
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scalar (intensity)
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scalar (circular polar.)
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Polarized SH

(conventional)

fo0o +f1,—10 +f1oo +f110 Spin'o SH
—+£2 20 +f5_10 ~+f200 +f210 1220
spin-2 SH
(conventional)
fo03 —+fi 13 - fi03 ~+f113 spin-O SH
—+£2 23 +f2-13 ~+f203 ~+f213 ~+f223




Polarized spherical harmonics (@ i

Polarized SH

scalar (inte g?ty) (conventional)

n

/ ~+f1-10 +f100 +fi10 Spin'o SH
| +f2,—20 +f2,—10 +f200 +f210 +f220
spin-2 SH .
fo-21 fo-11 1+ v Rotation invariance
+5 _oi +o 120
v/ Convolution to
S o fo91 elementwise product
+f2()2i +f212i +f222i
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Rotation invariance for Stokes vectors (@) o

Angular domain : Frequency domain
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Coeff.lmatrix :

of,rotation
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environment map

Reconst.
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Rotation invariance for Stokes vectors e

Coeff. matrix
of rotation

/)

SH + frame field

X no rotation invariance
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V' rotation invariance
v real-time (analytic)




Scalar spherical convolution (@ i




Polarized spherical convolution? (@ i

If f becomes a Stokes vector field....
What should & become? Scalar? Stokes vector? Mueller matrix?




Scalar spherical convolution (@ i

= Rotation equivariant linear operator

- X Eoina -
Scalar
T [ Dirac delta ] B
5(@,29)

kernel k




Polarized spherical convolution (@ i

Angular domain Frequency domain

Convolution kernel

spin 0-to-0 spin 0-to-2
Scalar — n
Dirac delta e @ T
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Kernels belong to only subspaces - Efficient elementwise product
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k * — koo(6) ko1(0) ko2(8) ko3(6)
k10(8) k11(0) k12(0) ki3(6)
k20(0) k21(0) kyp(60) kp3(0)
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Angular domain

Frequency domain  Nearly elementwise product!




Real-time polarized rendering (@ =
111 fps

Intentisy (s,) Degree of Polarization Angle of Linear Polarization

Rendered under a polarized environment map



Ablation: Frequency domain operations (@) Sscmrnaz

Low order + Shadow + High order

Rotation & Rendering equation (Pointwise product) (Convolution)

SO 22



Efficiency of convolution approximation

Intensity (s,)

@ SIGGRAPH 2024

308 fps

| < 4
convolution

approx. for
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Conclusion and future work (@ i

Precomputed polarized radiance transfer
[Sloan'et/al: 2002] _ '

Future work

Extend more techniques for SH to PSH

Polygonal area [Wang'18]
Fast triple product [Xin’21]
Removing ringing artifact [Sloan’ 17
future work ok | ]
[Zdh?g% al",2014] More applications

Polarized radiance fields (NeRF-like)

(a) Reference (c) Our Method (Order-3)

Polarized SH Spherical CNN for polarized light
SH theory =

theory
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