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2.Kernel Reconstruction.

We first compute the gradient g of the warped ASG G(7)

. . , , using this formula:
Photon Mapping 1s a widely used technique for global illu-

mination rendering. In the density estimation step of photon
mapping, the indirect radiance at a shading point 1s esti-
mated through a filtering from nearby photons, where an

g=vVG-(Grr,

a/||gl|, and major axis va = r Xua.

after that, we obtain the directions of the minor axis us =

isotropic filtering kernel 1s usually used. However, using
1sotropic kernel 1s not the optimal choice for cases when eye
paths intersect with surfaces of anisotropic BRDFs.

We propose an anisotropic filtering kernel for density esti-
mation to handle such anisotropic eye paths. The anisotropic

Now we determine the lengths of the minor/major axes. We
obtain the axis lengths by constraining relative value
changes inside the ellipse within a predefined threshold ¢
(0.02 in implementation). Along the minor axis, we approxi-
mate the value change using first order Taylor expansion at
direction », and the minor axis length /. satisfies:

filtering kernel 1s derived from the recently introduced ani-
sotropic spherical Gaussian [XSD*13] representation of
BRDFs. Compared to conventional photon mapping, our
method 1s able to reduce rendering errors with only negligi-

ble additional costs 1in rendering scenes containing aniso-
tropic BRDFs.

2. Technical Approach

e-G
(BG/aud)-l,, =gl =l = aG/alldf

and second order Taylor expansion at direction » to obtain
the major length /v :
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we now obtain minor/major axes:

U= lulld, v = lwa.

e-G
azG/E)vf-,’

As shown in Figure 1, considering a typical anisotropic eye 3.Planar Projection.

path which starts from viewpoint to a point po on an aniso-
tropic surface, then reflected to the density estimation point
p: on a diffuse surface, the anisotropic filtering kernel 1s
computed and applied through 4 steps:
1.Spherical Warping.
We use ASGs to represent the anisotropic BRDF at po. ASG
based BRDF representation 1s based on the microfacet
model [TS67, CT82]. Specifically, the normal distribution
function (NDF) 1s approximated using one ASG, and then
the BRDF at a specific view slice 1s obtained through an
ASG spherical warping operator. Denote the view direction
as o, the reflected direction from po to pr as r, the anisotropic
BRDF p(r,0) 1s approxiamted by a warped ASG:

p(r,0) = M(r,0)G(r;[x,y,2],[A.1]),
where M 1s a smooth function that combines the shadowing
term and Fresnel term; G 1s an ASG; x,y,z are the tangent,
bi-tangent, lobe axes, respectively; 4 and u are the band-
widths for x- and y- axes. Those parameters of the ASG G
are computed from the NDF function
and the view direction o through the AS-
G warping operator,
hence 1t 1s also \‘;‘y-
referred to as the
warped ASG.
For simplicity,
we denote the

Figure 2. Illustration
of planar projection.

As shown 1n Figure 2, we need to project this elliptical

estimation point ps, since the density estimation 1s finally
performed there:
s=u-(un/rn)r,
t=v-(vn/rn)r.
4. Density Estimation. AS
After obtaining the ellip-
se on the tangent plane
of the density estimation
point pl, we now explai-
n how to use our kernel
for filtering. Specifically, we explain how to compute
weight for each photon.
As shown 1n Figure 3, the weight used in density estima-
tion 1s computed as a Gaussian:

w(d) = e)cp(—a2 — bz).

7 of sheared kernel.

a and b can be obtained using following formula:

warped ASG
Grfx:yz]; Thul) g (s"- @) It']|° = (s"-t)) - (t' - )
as G(r) for short. Is”] Is"IZ)IE/]|> — (s"- &)=
o n _(td) ) —(s't) (s d)
1] Is’[|>[[t']]* = (s"-¢)*

kernel from direction space to tangent plane of the density
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Figure 4. Error
plot of MSEs for
isotropic  kernels
and our anisotrop-
ic kernel..

Our method con-
sistently produces

= smaller errors.
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Figure S. Anisotropic Teapot.
Top from left to right: 1sotropic kernel, our kernel and ref-

erence. Bottom left 1sotropic, right ours.

RMSE 0.0669
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Figure 6. Anisotropic Fry Pan.

Top from left to right: 1sotropic kernel, our kernel and ref-
erence. Bottom left 1sotropic, right ours.

RMSE 0.0187
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