ABC - BRDF Models for Accurate and Efficient Rendering of Glossy Surfaces
Joakim Löw, Joel Kronander, Anders Ynnerman, Jonas Unger

Introduction
Glossy surface reﬂectance is hard to model accuratley using
traditional parametric BRDF models. An alternative is provided
by data driven reﬂectance models, (see e.g. [1]), however
these models offers less user control and generally results in
lower efﬁcency. In our work we propose two new lightweight
parameteric BRDF models for accurate modeling of glossy
surface reﬂlectance, one inspired by Rayleigh-Rice theory for
optically smooth surfaces and one inspired by
microfacet-theory. We base our models on a thourough study
of the scattering behaviour of measured reﬂectance data from
the MERL database [1] . The study focuses on two key
aspects of BRDF models, parametrization and scatter
distribution. We propose a new scattering distributuion for
glossy BRDFs inspired by the ABC model [2] for surface
statistics of optically smooth surfaces. Based on the survey we
consider two parameterizations, one based on micro-facet
theory using the halfway vector and one inspired by the
parametrization for the Rayleigh-Rice BRDF model considering
the projected devaition vector (Dp). To enable efﬁcent rendering
we also show how the new models can be approximatley
sampled for importance sampling the scattering integral.
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ABC Models

When ﬁtted to the measrued reﬂectance data in the MERL
database [1], the new models show much better perfromance
than earlier models such as Ashikhmin-Shirley [4], Ward model
or Cook Torrance [3]. An example is shown in ﬁgure 7, where
the ABC model ﬁts the data much better than the Cook
Torrance model. In the paper [5] efﬁcent and compact
importance sampling techniques are derived for the new
models, an example of the efﬁceny that can be achived using
the new models compared to previous models or measured
dat directly is shown in Figure 8.
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Figure 3. Hemispherical contour plots showing the effects of different
parameterizations for a simple test function.
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Figure 1. Notation. The halfway vector, H = (L+V)/||L+V||
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Figure 2. Hemispherical contour plots for typical measured glossy
reflectance data. The contour lines are shown for L with incident
polar angles : 0,’ 25’ and 60’ degees..

When inspecting the reﬂection plane polts of measured glossy
scattering, see Figure 6, ir is apparent that the scattering
curves do not at all resemble classical parametric distribution
functions such as Gaussian or Phong-like functions. Instead
several BRDFs exhibit sharp scattering curve peaks, and large
amounts of wide-angle scattering ith an inverse-power-law
shape.

Results
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Figure 4. Hemispherical contour plots projected on to unit disk,
corresponds to scaling with sine of incomng polar angle. In this
space an apparent symmetry is observed around R.

Figure 7. Measured data (red). The reflectance lobe has a clear
power-law falloff. ABC fit (blue) and cook-torrance fit (green).

Measured Reflectance, 40 000 samples/pixel

To model the observed scattering distribution shape of the studied
BRDFs, an ABC model is considered

where the A parameter corresponds to the klassical Ks parameter
and the B parameter controls the width of the speculat lobes and
C detmermines the falloff rate of wide-angle scattering. Based
on the ABC scatter distribution function, we consider two
parametrizations for the argument f.
The ﬁrst model is based on the projected deviation vector Dp

Ashikhmin-Shirley [3] , 1000 samples/pixel

Parameterization
Figure 2 shows hemispherical contour plots for three typical
glossy materials from the MERL database. Based on the
obseveved reﬂectance lobes in the experimental study, we
investigated three different parametrizations based on 1) the
deviation vector, D=V-R, motivated by it’s similarity to the
phong lobe 2) the difference between the halfway vector and
the normal, H-N, , motivated by it’s similarity to the halfway
vector lobe, 3) the projected deviation vector, Dp = Vp - Rp.
By plotting the hemispherical contour plots using a simple test
function p(f) = max(1-f^2, 0), where the length of the vectors
are the function argument we see that the projected deviation
vector provides the better choice, see Figure 3.
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Figure 5. Effect of parametrization on the contour plots projected on
to unit disk, a) halfwayvector b) projected devaition vector

where Kd is lambertian factor and Q is the Fresnel reﬂectance
factor proposed by Cook and Torrance, with extintion coefﬁcent
set to zero.
The second proposed model is based on the halfway vector
parametrization, by modifying the Cook-Torrance model [3] to use
an ABC-like distribution of micro-facets:
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Figure 8. Renderings

a) gold-metal-paint3

b) hematite

Figure 6. Reflection plane plots of BRDF scattering curves in log-scale
for incident polar ang;es : 0’, 22’, 45’, 67’. The outgoing polar angle axis
is scaled by sin, revealing the symmetry around the reflection dirs.

where G and F are the geometrical attenuation and Fresnel factors
described in [3].
For a detailed description of the nrew models we refer to the
published paper [5].
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