Fast Indirect lllumination Using Two Virtual Spherical Gaussian Lights
(Supplemental Material)

Yusuke Tokuyoshi *
Sqaure Enix Co., Ltd.

1 Spherical Gaussians

A spherical Gaussian (SG) is a type of spherical function and is
represented by using a Gaussian function g as follows:
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where £ is the lobe axis, and A is the lobe sharpness. & and %
correspond to the mean and variance for the Gaussian function, re-
spectively. The integral of an SG is given by
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In this poster, a normalized SG g 4
the distribution of reflection lobes.

% is used for representing

1.1 SG Approximation of reflection lobes

Diffuse lobes. For the Lambert bidirectional reflectance distri-
bution function (BRDF) p4, the diffuse lobe can be approximated
with an SG taking energy conservation into account as follows:
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where w’ is the incoming direction, n is the surface normal at the
position x, (w,n) = max(w - n,0), Rq is the diffuse reflectance,
and A\q =~ 2 which is obtained by using the least square method.

Specular lobes. For the microfacet BRDF p;, the specular lobe
is fitted with a single SG by using Wang et al. [2009]’s analytical
approximation. The BRDF is separated into two factors: the normal
distribution function (NDF) without a normalization factor D (wp,)
and the rest of the factors M (w) as follows:

pe(x,w', ) (w, n) = M(w)D(wn),
where wy, is the half-way vector of w’ and w. Bell-shaped NDFs
(e.g., Phong [Blinn 1977], Beckmann [1963] and GGX [Walter
et al. 2007] NDFs) can be approximated with an SG as

D(wn) = G(wn,m, An).
For Beckmann or GGX NDFs, A\, = % where « is the roughness
parameter. Using spherical warping, this can be approximated with
a function of w as
G(U)}“ n, )‘h) ~ G(w, £s7 >‘S)7

where £, is the reflection vector given by £, = 2(w’ - n)n — W/,
and \s = ﬁ Hence, the specular lobe is approximated with
the following equation:
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Since microfacet BRDFs almost preserve energy for highly glossy
surfaces, this poster moreover approximates the specular lobe using
a normalized SG as follows:

G((.«), £sv )‘9)

ewa @)

ps(x, W' w){w,n) ~ R

where R is the specular reflectance. Anisotropic SGs (ASGs) [Xu
et al. 2013] are also usable in the same manner.

2 Virtual Spherical Gaussian Lights

This poster approximates a set of virtual point lights (VPLs) [Keller
1997] with a virtual spherical Gaussian light (VSGL) [Tokuyoshi
2015]. For a VSGL, the total radiant intensity and positional dis-
tribution of VPLs are respectively represented using an SG and
isotropic Gaussian distribution. This representation can be com-
puted using a simple summation operation.

2.1 Radiant intensity
The radiant intensity of the ¢th VPL is given as

L«(w) = q)ip(xiv w/liv w)(“"? ni):

where ®; is the power of the ¢th photon emitted from the light
source, w/, is the incoming direction of the photon, and n; is the sur-
face normal at the VPL position x;, and p(x;, w}, w) is the BRDF.
This poster first divides this BRDF into diffuse and specular com-
ponents (i.e., pq and p,). Then, the total radiant intensity of a set
of VPLs is approximated with a single SG for each component by
using Toksvig [2005]’s filtering. Therefore, two VSGLs are used
for diffuse-specular surfaces. For ease of explanation, this section
hereafter describes only a single BRDF component. The total radi-
ant intensity of a set of VPLs S is represented as
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To compute ¢, £, and A, efficiently, each reflection lobe is ap-
proximated using Eq. 1 or Eq. 2 as follows:
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where R; is the reflectance, and §; and \; are the axis and sharpness
of the reflection lobe at the ith VPL. Then, the weighted average of
normalized SGs weighted by ®; R; is approximated with a single
SG as
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Using Toksvig’s filtering, the ¢th normalized SG is ﬁrst approxi-
mately converted into its averaged direction as £ v +1 &, Next,
the weighted average of the directions is computed by
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Finally, the filtered SG is obtained from the weighted average di-

rection as §,, = HEZII s A = llgu”é‘l T The coefficient ¢, is given by
_ Zies®iRi
Co = TAGY)

2.2 Positional distribution
In this poster, the positional distribution of VPLs is represented with
a single isotropic Gaussian distribution for a VSGL. The weighted
mean of VPL positions is computed by
Sies iRt
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The positional variance is also calculated using weighted average
as
o2 = Dies P, Ri|x]|* ||
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Assuming VPLs are distributed on a planar surface, the emitted ra-
diance of a VSGL is represented as follows:

2
[

Lo(x, w) ~ — 1)

2
N - 3
st d (o) O

where n is the surface normal which will be eliminated in shading
(§3.1). Hence, a VSGL is generated by calculating ZieS P, R;,
Yies QiR Y, PiRix, and >, g ®;R;||x||*. In this poster,
the set of VPLs S is all the pixels of a reflective shadow map
[Dachsbacher and Stamminger 2005]. Therefore, for each VSGL,
the summed values are calculated by using a parallel summation
algorithm on the GPU.

3 Shading

For each shading point x, with view direction w,, the reflected
radiance is calculated using the rendering equation [Kajiya 1986]
defined by

L) = [ Linlotp )y, 0p.0) . mybees, (4

where L, (xp,w) is the incoming radiance, and n, is the surface
normal at the shading point. This poster approximates the incoming
radiance using SGs for the analytical approximation of the render-
ing integral [Wang et al. 2009; Xu et al. 2013].

3.1 Incoming radiance

Using Eq. 3, the approximated incoming radiance is given by

Li"(xpaw) = LE(Xa _w)
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where w = 2. x is assumed to be on the planar surface

Ix—xpll
defined by the norrzljlal n and position p,,. Here we introduce vir-
tual spherical light (VSL) [HaSan et al. 2009] like approximation
to eliminate n. In the context of VSLs, a directionally independent
shape representation can be used for virtual lights by multiplying
|w-n|. For our case, it is divided by |w-n|, and thus n is eliminated.
This is reasonable because the actual surface normal distribution is
taken into account by the radiant intensity I, (—w). Therefore, Eq.
5 is approximated with the following equation:
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where w = ﬁ, and x, is the position on the sphere defined
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by the center x,, and radius || gt,. — X,||. This is derived assuming a

small o, or large radius, but it does not produce noticeable artifacts
in practice for a large o, and small radius. The Gaussian term can
be rewritten into an SG as

9 (IIxr = p,ll, 07) = G(w, €, A0), ©)
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where £, = ﬁ and )\, = 7”“'”;2""” . This SG represents

the spherical region of the VSGL viewed from Xp. Our formulation
is simpler than Xu et al. [2014]’s virtual area light approximation
using an SG. Using Eq. 6, the incoming radiance is approximated
with the product of two SGs which yields an SG as follows:
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3.2 Shading via product integrals of SGs

Since the reflection lobe p(xp, wp, w){w, n,) can be approximated
using SGs and ASGs, Eq. 4 can be calculated using the analytical
product integral.

Diffuse reflection. Using Eq. 1 and Eq. 7, the rendering integral
of the diffuse component is calculated using the analytical product
integral of two SGs. For simplicity, this poster uses Iwasaki et al.
[2012]’s approximate product integral as follows:
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In addition, this poster assumes A(Ag) ~ 7 based on Iwasaki et
al.’s approximation. Therefore, diffuse reflection is inexpensively
calculated using the following equation:
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Unlike previous papers [Xu et al. 2014; Tokuyoshi 2015], this
poster represents the cosine factor at the shading point (w, n,) with
G(w,ny, A\q) for diffuse surfaces. For a few VSGLs, this SG ap-
proximation produces smoother illumination appearance as shown
in Fig 1.

Specular reflection. While SGs are used for VSGLs, this poster
employs an ASG to approximate a specular lobe at a shading point.
This is because a specular lobe can be anisotropic even if it is an
isotropic BRDF model, especially for shallow grazing angles. For
simplicity, ASGs are used only for the first bounce which is more
visually important than the second bounce. In addition, the prod-
uct integral of an ASG and SG [Xu et al. 2013] has a reasonable
computation cost. An ASG is defined as

s _ . 2_ . 2
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where €, €, , &, are orthonormal vectors, and 75, 1, are the band-
width parameters. Since a specular lobe is approximated with an
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Figure 1: Shading using SG approximation for diffuse surfaces.
Left: the cosine factor at the shading point is pulled out of the
rendering integral [Xu et al. 2014; Tokuyoshi 2015]. Right: SG
approximation is used for the cosine factor at the shading point.
For a few VSGLs, smoother illumination appearance is produced
by approximating the cosine factor with an SG.

ASG as Ps (XZN Wy, w) <w7 l‘lp> ~ M(w)é(wv £x7 gyv 5;7 Nz 77y),
the rendering integral is calculated as
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ToinCain TRl is the lobe axis of the

where v = %, and §,, =
integrand.
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