
where λ controls the smoothness of the result.

The factorization is obtained by using a quasi-minimal residual algorithm to 
solve our system.  We also divide p and q by their maximums (resulting in p´ 
and q´) and combine the scale factors in a correction colour α.
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A 4D bidirectional reflectance distribution function (BRDF) describes how a 
material reflects light from its surface.  To use arbitrary BRDFs in real-time 
rendering, a compression technique must be used that can represent the BRDF 
using the available texture-mapping and computational capabilities of an 
accelerated graphics pipeline.

We present a numerical technique, homomorphic factorization, that can 
decompose an arbitrary BRDF into a product of two or more 2D factors, each 
factor dependent on a different interpolated geometric parameter.  Compared to 
an earlier factorization technique based on the singular value decomposition, 
this new technique generates a factorization with only positive factors (which 
makes it more suitable for current graphics hardware accelerators), provides 
control over the smoothness of the result, minimizes relative rather than 
absolute error, and can deal with scattered, sparse data without a separate 
resampling and interpolation algorithm.

A 1418-triangle model rendered at real-time rates (over 100 fps at 800 × 600).  From left to right: satin, leather, velvet, garnet red, krylon blue, cayman, and mystique.

Factorization

The final linear system is:

Rendering

Reconstruction is performed using standard OpenGL with multitexturing and 
the register combiner extensions.  By substituting our approximation into the 
point source lighting model we obtain:

By multiplying with standard Lambertian lighting and using compositing 
operations, we can perform this computation in N + 1 passes on the NVIDIA 
GeForce 2 GTS.

Top to bottom: p´, q´ texture maps (32 × 32), and α.  Left to right: satin, leather, velvet, garnet red, krylon 
blue, cayman, and mystique.

The outgoing radiance of point x on a surface in direction     can be computed 
by:

Left: analytically evaluated anisotropic BRDF values at the vertices of a highly tesselated model rendered 
with Gouraud shading.  Right: the corresponding factored approximation.

When the illumination is from N point sources, this integral reduces to:

We approximate the BRDF, f, using a product of positive factors:

Now we simplify by taking the logarithm of both sides.  The result is a linear 
data-fitting problem:

The parameterization we chose consists of three factors (which we store in 
texture maps) and reuses one of them:

To find p and q, we set up a system of linear constraints using bilinear weighting 
factors to relate each sample in f to texels in p and q:

This can be written compactly as:

To ensure every texel has a constraint and to control the smoothness of the 
solution, we add a constraint that equates the Laplacian of the texture maps to 
zero.

where


