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1 Reference Photo Setup

Lacking a gonioreflectometer, we created a photo acquisi-
tion setup (Fig. 1) to directly compare real surface re-
flections to renderings. The surface is illuminated from a
checker board textured plane that projects diffuse and in-
coherent light from a tungsten lamp onto the surface.

Figure 1: Photo setup.

This minimizes the appearance of
glints from scratches while also
spreading it over a large surface
area reducing the distraction of the
spatially varying roughness. A 2700 K
tungsten lamp was used as its colour
spectrum is well approximated by
a blackbody emitter. The spectrum
is important as optical roughness in
diffractive scattering models is dependent on the wavelength of
incident light. An ArUco marker [GJMSMCMJ14] is placed in
the center of the cutting mat and is used to estimate the camera
extrinsic parameters for the renderings. Photos from the camera
are edited to remove barrel distortion and colour corrected with a
colour checker. We render a scene with the same colour squares
and edit to match with some liberties taken to compensate for a
mismatch in the response of the virtual and real sensor.

2 Rendering

We measure the scene geometry directly from the acquisition setup
and use the camera pose estimated from the ArUco marker. Met-
als are described using wavelength-dependent refractive indices
[Pol24], and illumination is a 2700 K blackbody point light in Mit-
suba [JSR∗22].

2.1 Rendering the GHS BRDF

The full GHS BRDF is as follows:
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which is an infinite Poisson-weighted sum of self-convolutions of
the normalized PSD. In practice, the series is truncated to diffrac-
tion orders m within three standard deviations of the mean g.

The higher-order self-convolution terms P⋆m
KC, for m ≥ 1, do not

admit closed form expressions for arbitrary γ. Instead, since PKC is

nearly stable under convolution, they are approximated by precom-
puting the convolutions using:

P⋆m
KC =

1
2π

H0{Cm
KC} , (2)

where H0 denotes the zeroth-order Hankel transform and CKC is
the KC ACV. The resulting KC PSD is then refit with a free correla-
tion length Lc. For a specific PSD, the refit correlation length scales
as a power law Lc m−x where x is a fitted parameter (Fig. 2). While
imperfect, this allows for evaluating and sampling the higher-order
terms in the same way as the first.

To sample Eq. 1, an order m is sampled from the Poisson dis-
tribution using Knuth’s algorithm [Knu97]. Then, the modified KC
PSD is sampled using the same routine as described by Holzschuch
and Pacanowski [HP17]. Given uniform variates u1,u2 ∈ [0,1), let:
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Then,

φmax = arccosmax
{
−1, ( f/k)2+sin2

θi−1
2( f/k) sin θi

}
(5)

φ f = φi +(2u2 −1)φmax , (6)

where φi is the azimuth of the incident direction î. Now, given î
and wavenumber k, an importance-sampled direction is:

ô =
1
k

ζ⃗− î , (7)

where ζ⃗ = f (cosφ f , sinφ f )
⊤ . (8)

The computed ζ⃗ is the wave-optical equivalent of the "half vector".
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Figure 2: Self convolutions of PKC with m denoting convolution
order. Inset: log-log plot of refitted correlation lengths Lc.
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Full Comparison: View 1
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Figure 3: Reference photos compared to GGX (Gaussian smoothed and measured), SSA GHS (SSA), and full GHS predictions.
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Figure 4: Two-scale model with low-pass filter macro-roughness cutoffs of at 50λ, 100λ, and 150λ
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Full Comparison: View 2
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Figure 5: Reference photos compared to GGX (Gaussian smoothed and measured), SSA GHS (SSA), and full GHS predictions.
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Figure 6: Two-scale model with low-pass filter macro-roughness cutoffs of at 50λ, 100λ, and 150λ
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Full Comparison: View 3
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Figure 7: Reference photos compared to GGX (Gaussian smoothed and measured), SSA GHS (SSA), and full GHS predictions.

© 200x The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.



Avolio, D’Eon, Steinberg / On the Accuracy of Surface Scattering Theories – Supplemental 7 of 8

1 2 3 4 5

50
λ

10
0λ

15
0λ

Figure 8: Two-scale model with low-pass filter macro-roughness cutoffs of at 50λ, 100λ, and 150λ
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