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Figure 1: (a) Smooth cosine falloff with no shadow terminator, (b) harsh-edge artifact from discarding light beyond the geo-
metric hemisphere (c) the soft terminator from [Estevez et al. 2019] (d) the soft terminator from [Chiang et al. 2019]. (e) our

soft shadow terminator.

ABSTRACT

A well known artifact in production rendering from the use of
shading normals is the shadow terminator problem: the abrupt in-
terruption of the light’s smooth cosine falloff at geometric horizons.
Recent publications introduced several ad-hoc techniques, based
loosely on microfacet theory to deal with these issues. We show
that these techniques can themselves introduce artifacts and sug-
gest a new technique that is an improvement in many situations.
More importantly we introduce a framework for analyzing these
different techniques so artists and researchers can choose appropri-
ate solutions and more reliably predict and understand expected
results.
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1 INTRODUCTION

Non-geometric shading normals are a common practice in pro-
duction path-tracing. Texturing artists employ this tool to create
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complex structures on relatively simple geometry. While this im-
proves the look with added detail, it also leads to artifacts caused
by physically impossible situations. To avoid light leaks, directions
outside the geometric hemisphere are discarded. But this leads to
abrupt black fringe arifacts, solutions for which are explored in
[Chiang et al. 2019] and [Estevez et al. 2019]. We evaluate these
solutions based on a common framework we propose below.
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Figure 2: Terminating the smooth cosine hemisphere to
avoid light leaks results in a harsh shadow terminator.

2 FRAMEWORK

Let us establish the notation we will use throughout the paper to
describe the shadow terminator. The angle between the shading
normal (Ns) and the geometric normal (Ng) can deviate between
[0, Z] and is denoted by x. This forms the horizontal axis in Figure
1. Within the shading hemisphere, the light direction (w;) can range
from [=F, %] with respect to Ns. The positive or negative direction
is chosen based on the geometric normal. The directions w; towards
Ng are labeled negative and the ones away from Ng are labeled
positive (Figure 2). This is the vertical axis in Figure 1. This angle
between Ns and w; is denoted as y. With this arrangement, the
angle between Ng and w; comes out to be (x + y). To avoid light
leaks, we have to cull all incoming light direction when (x +y) > Z
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creating a stark line that depicts the harsh shadow terminator in
Figure 1(b).

With these notations in place, we can show that the existing
techniques for softening the shadow terminator can all be formu-
lated in the same framework and plotted accordingly. For example,
the [Chiang et al. 2019] shadow terminator is equivalent to the
following and depicted in Figure 1(d):

G = min [1, M (1)
cos(x) cos(y)

Similarly, the terminator from [Estevez et al. 2019] can be for-
mulated and is depicted in Figure 1(c):

G= 2 @)

1+ \/l + (% tan2(x) tan2(x + y)

While loosely based on inspiration from microfacet theory, both
these factors soften the shadow terminators in a non-intuitive man-
ner, as can be seen in Figure 1(c) and 1(d). More importantly, they
also have an influence away from the shadow terminator, dampen-
ing highlights from the BRDF. The visual effect can be more or less
severe based on the BRDF and the outgoing vector. We can verify
that, as claimed, the technique in [Chiang et al. 2019] performs
better than the one in [Estevez et al. 2019] in the valid geometric
hemisphere when y < 0, by not dampening the highlights at all.
However, looking at Figure 1(d), what is also clear is that it exces-
sively dampens highlights in the visible shading hemisphere when
y > 0 and (x + y) < 5. Moreover, small deviations from Ng are
penalized heavily in [Chiang et al. 2019]. This creates unexpected
loss of detail as seen in Figure 3 (b) and (c).

3 OUR APPROACH

While designing our approach to soften the shadow terminator, our
priorities were simple, (1) be predictable and (2) do not affect any
other highlights. To this end, we analyzed the plot which forms a
straight line (x +y) > 7 in Figure 1(b). We then used a smooth step
function as the shadowing term on top of the regular cosine factor
in the rendering integral. We designate the smoothing region as
[cos(%), cos(F — a)], or [0, sin(a)], where « is the angle at which
we do not want the shadow terminator to have any effect. This
results in our terminator:
t=min[max[w,0],l] 3)
sin(a)
Similar to [Chiang et al. 2019], we use a cubic Hermite interpo-
lator to avoid any sharp discontinuities:

G =32 -213 ()

In practice, we want a smoother falloff when the deviation from
geometric normal is large. So we blend between two thresholds as
is evident in the code snippet we provide below.

float shadowTerminator(const Vec3f& Ng, const Vec3f& Ns, const Vec3f& wi)

const float alpha = 0.05;

float d = lerp(sin(alpha+0.1), sin(alpha), dot(Ns, Ng));
float t = max(0.0f, min(1.0, dot(Ng, wi)/d));

float G = t«t«(3.0 — 2.0+t);

return G;
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Figure 3: Various shadow terminators: (a) the artifact, (b) the
soft terminator from [Estevez et al. 2019] (c) the soft termi-
nator from [Chiang et al. 2019] (d) our soft shadow termina-
tor.

This terminator can be visualized in Figure 1(e) and the renders
in Figure 3(d). As is clear, our soft shadow terminator only affects
the harsh-shadow edge and preserves all the remaining desired
highlights from shading normals.

4 CONCLUSIONS AND FUTURE WORK

We have introduced a framework for analyzing techniques to soften
the shadow terminator. We also provide a new, more predictable
technique that preserves valid BRDF highlights. Since many plausi-
ble solutions exist for this problem, we hope that our framework
and notation for comparing shadow terminators can provide a com-
mon language when evaluating future development. In the future,
we would like to explore solutions to compensate for energy loss
that results from the use of shading normals.
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