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Figure 1: Examples of Subsurface scattering on (a) The Little Prince movie and (b) Lee Perry-Smith Infinite Realities scan.
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Abstract

Rendering of translucent materials such as skin, marble or wax is
a requirement for animation and visual effects production, either
photo realistic or non photo realistic styles. Monte-Carlo integra-
tion of light transport by simulating scattering events of light within
the translucent medium is prohibitive and difficult to parametrize
for artistically driven applications.

Light transport in a medium is modeled as a BSSRDF that char-
acterizes the propagation of light from an entry point xi to an exit
point x.
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f(x, n, ωo, xi, ni, ωi)Licosθidωidxi

We assume f = fs(‖x− xi‖) ∗ ft(n, ωo, ni, ωi) as the product of
a scattering profile function and a transmission function.

[King et al. 2013] proposed a disk based sampling technique to
importance sample the fs term. We propose in this presentation
a different strategy that samples points on the surface at an exact
distance, even on non flat surfaces, and doesn’t require additional
strategies that would potentially result in no sample at all.
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Circle based sampling

Our technique samples xi on the surface by tracing a circle of radius
r, centered on x, perpendicular to the surface, and rotated around n
of a random angle φ. All intersections are recorded, and the incom-
ing radiance is estimated at one of these points, chosen at random.

Figure 2: Circle tracing M

The circle radius is sampled by importance, using the scattering
profile. For Gaussian scattering profile, r and φ can be sampled us-
ing the Box-Muller transform. Local illumination at xi is weighted
by 1/

√
1− ni.d2, with respect to the surface inclination to the cir-

cle tangent.

Circle tracing

We implemented a circle tracer, similar to a ray tracer, to determine
the intersection of a triangular mesh with a circle, based on our
existing BVH acceleration structure. The BVH traversal is adapted
to replace ray/bounding volume test with circle/bounding volume
test, and ray/triangle test with circle/triangle test.

Half circles

For flat surfaces, a circle intersects twice the surface. This leads
to using three random variables in simple cases. Using only half
circle instead, flat surfaces intersect only once, which results in less
variance (as only two random variables are used instead of three.)

This also reduces the number of hit tests to perform.
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BSSRDF refinement

Since BSSRDFs assume an infinitely flat surface, they can’t prop-
erly model complex structures such as lips, eye corners, or eye lids,
where surface folding is important. This results in noticeable light
leaking, especially in the situation of two points facing each other.

We implemented ft = mix(1, n.ni+, n.d+) where d = xi−x

‖xi−x‖

as a simple filter for surface points facing each other. ft is also as
a weighting function to choose the sampling point xi in case there
are several possible intersections.

(a) (b)

Figure 3: Surface folding (a) without filtering of front facing scat-
tering points, (b) with filtering. Light scattering from the lower lip
to the upper lip is properly filtered out.

Surface features, such as ni and diffuse color are evaluated to ben-
efit from bump/normal maps and simulate diffuse color blurring as
suggested by [d’Eon and Luebke 2007].

Discussion

This technique was implemented in Guerilla Render to replace the
previous point cloud based implementation, and extensively used
on The Little Prince. This allows faster previewing, as it doesn’t
require precomputing irradiance, and allows progressive render-
ing, as it doesn’t evaluate the full irradiance but simply relies on
the Monte-Carlo integrator. It perfectly samples flat surfaces, and
doesn’t require extra sampling strategies for non flat surfaces.

We note that this technique doesn’t handle large scattering radius
very well (compared to the surface curvature) as there may be no
intersection at all (fingers tips) but the BSSRDF framework gener-
ally performs poorly in these cases, as it suffers from energy loss.
Full volumetric integration is preferable then.

Also, non isotropic scaling of a mesh makes the hit tests rather com-
plex and less efficient to implement.
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