A WAVE-OPTICS BSDF FOR
CORRELATED SCATTERERS
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} Previous work

Diffraction on surfaces

® Surface roughness generated by Gaussian
random process

® Scratches on metal

® Regular pattern (compact discs, biological
nanostructu reS) Werner 2017

=>

(a) Renderings (b) Photos

Dhillon et al. 2014
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https://dl.acm.org/doi/abs/10.1145/3130800.3130840?casa_token=n37pZCjQGp8AAAAA:XXEzB8hIvWg8N0FWqA0-WrWjnKNVPWR0IxzTSyHAEt0H6LCrYg_P0kcLc4qek7iYuMQ6m8i3h2bEog
https://onlinelibrary.wiley.com/doi/full/10.1111/cgf.12425
https://www.dgp.toronto.edu/public_user/stam/reality/Research/pdf/diff.pdf

} Previous work

Diffraction on surfaces

® Surface roughness generated by Gaussian
random process

® Scratches on metal

® Regular pattern (compact discs, biological
nanostructures)

Corona effects

® Bulk scattering

® Quetelet ring Xia et al 2023
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https://diglib.eg.org/items/0b8ef9e9-f115-4c02-b349-34de733f3b55
https://shuangz.com/projects/beyond_mie-sa21/beyond_mie-sa21.pdf

I Materials that cause Corona Effect
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I Proposed Method



Y Preliminary:

xl , Far-tielo A y Diffraction Pattern
—_— T
y per ure C ‘T(AC)‘Z

Wo

Fraunhofer Diffraction

Aperture
Diffraction
Pattern ,
F : Fourier

Transform

Intensity in w, = |F(A4.)|°[ ]

v/ € |= A wave-optics BSDF for correlated scatterers
~®



¥ Diffraction as BSDF

Far-field Diffraction Pattern
@ —_— Aperture A, \T(AC)\Z
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¥ Diffraction as BSDF

Arbitrary Diffraction Pattern
Aperture A, |F (A
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¥ Diffraction as BSDF

Far-field

Arbitrary Diffraction Pattern
Aperture A, |F (A
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Pattern Transform

BSDF
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I Diffraction from Arbitrary Aperture
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Texture is baked!

AA

A A
A A

A

Density

Shape

Wavelength

- Need full recalculation of
the diffraction pattern
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d Material Modeling

Real Material Our Model Single Aperture A Center Positions s
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IAperture Center Distribution

Regular Random
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IAperture Center Distribution
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¥ Ensemble Averaging
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I Structure Factor

2D hard-disk
system
Structure Factor = F Coordination
G(r) 12a
e Radial distance r Second Coordination Shel
1 ......................................
* Area Fraction F,
® O 2a 4a 6a
® ¢
E, = === Pair correlation function
. : probability of finding other
particles at certain distance
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I BSDF evaluation

d, € (—2,2)
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d = (w, — (Ui)xy

To(d) = |A|7HF{A}(2m/20d)|* 25"

Ay : reference wavelength (350 nm)
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I BSDF evaluation

Single Aperture

Diffraction Table Structure Factor Table
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Design Flexibility!
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f BSDF Sampling with MIS
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I Other Terms in BSDF

Wdiffraction T Wdelta

Diffraction Delta

V/ € I= A wave-optics BSDF for correlated scatterers
~® el

Wsubstrate

Substrate

1

21



I Results
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Single Aperture
Diffraction Table

Structure Factor Table
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Y Particle vs. Aperture

Babinet’s principle
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Diffraction patterns
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overall brightness
& 0
Opaque Disk

v/ € |= A wave-optics BSDF for correlated scatterers
~®



Y Particle vs. Aperture

Babinet’s principle
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Y Particle vs. Aperture

partide - - -

Particle: f = 0.3,r = 0.5um, 90° Particle: f = 0.3,r = 0.5um, 60° Particle: f = 0.3,r = 0.5um, 30°

aperture - - -

Aperture: f = 0.3, = 0.5um, 90° Aperture: f = 0.3, = 0.5um, 60° Aperture: f = 0.3, = 0.5um, 30°
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I Lycopodium powder
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I Mixed aperture types
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I Mixed aperture types
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Ground Truth (EV-1)
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MIS(Cosine; Light) §  MIS(7;, 75, Light)

MIS (7T, Light)
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I Conclusion & Future Work

A wave-optics-based BSDF tor simulating the corona effect

Decoupling the spatial distribution and diffraction of individual
scatterers provides design flexibility.

Random orientation Mixed aperture size  Soft bound
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