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²ŜΩǊŜ ŘŜŀƭƛƴƎ ǿƛǘƘ ŀ ƭƻƴƎ ǎǘŀƴŘƛƴƎ ǇǊƻōƭŜƳ ƻŦ /DΥ ŎƻƳǇǳǘƛƴƎ Ǝƭƻōŀƭ ƛƭƭǳƳƛƴŀǘƛƻƴ 
efficiently. Dependingon the scene properties, GI produces different illumination 
ŜŦŦŜŎǘǎ ōǳǘ ǿŜΩǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻŎǳǎƛƴƎ ƻƴ ƭƛƎƘǘ ƛƴǘŜǊ-reflections on glossy surfaces. 
Monte Caro methods, such as PT, are general enough to handle all these effects, but 
Ŏŀƴ ǘŀƪŜ ƭƻƴƎ ǘƛƳŜ ǘƻ ŎƻƴǾŜǊƎŜΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ǎŎŜƴŜǎ ǘƘŀǘ ǿŜΩǊŜ ŦƻŎǳǎƛƴƎ ƻƴΦ
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Somefast specialized algorithms exist but there is no satisfying solution for glossy 
inter-reflections.
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This is the kind of imagesthat we would like to render. Indeed, their appearance is 
completely dominated by glossy inter-reflections.
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UnbiasedGI methods converge slowly since they have hard times finding important 
paths when dealing with glossy scenes.
Photon mapping is the most well known example of an biased GI method. However, it 
does not perform very well in glossy scene either: huge number of photons is 
required and final gathering is a bottleneck.
Final gathering can be accelerated with interpolation-based approaches such as 
radiance caching, but their assumptions about illumination smoothness is often 
invalid.
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Instant radiosityisa GI method that has gained a lot of attention recently. The idea is 
to convert all the illumination into a set of VPLs.  Since only a few VPLs are sufficient 
to get a believable approximation of GI, this algorithm has been the basis of many 
recent real-time GI methods.
On the other hand, with many VPLs, instant radiositycan produce very high quality 
images ςǘƘŀǘΩǎ ǿƘȅ ǎƻƳŜ ǿƻǊƪ Ƙŀǎ ŀŘŘǊŜǎǎŜŘ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǎŎŀƭŀōƛƭƛǘȅ ǿƛǘƘ Ƴŀƴȅ 
lights.
5ǳŜ ǘƻ ƛǘΩǎ ŜŦŦƛŎƛŜƴŎȅΣ ǿŜ ŎƘƻǎŜ Lw ŀǎ ǘƘŜ ōŀǎƛǎ ƻŦ ƻǳǊ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ Ǝƭƻǎǎȅ ƛƴǘŜǊ-
reflection problem.
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However, it has been a common knowledge that instant radiositydoes notwork well 
in glossy scenes. The reason is that in order to prevent image artifacts, instant 
radiositycompletely ignores some complex parts of light transport, which results in 
serious illumination loss on glossy surfaces, as you can see on the range hood or the 
counter.
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¢ƘŜ ƛƭƭǳƳƛƴŀǘƛƻƴ ƭƻǎǎ ǇǊƻōƭŜƳ ƘŀǎƴΩǘ ōŜŜƴ ŜȄǘŜƴǎƛǾŜƭȅdiscussed in previous work 
with the exception of the paper by Kolligand Keller, who propose to compensate for 
the missing energy by path tracing. Unfortunately, in glossy scenes, their 
compensation methods is nearly as expensive as path tracing the entire image.
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Our idea,on the other hand, is to prevent the illumination loss in the first place, 
rather than trying t compensate for it. We achieve this by introducing a new type of 
light, the VSL, that overcomes some of the problems of VPLs.
With this new type of light, we are able to render images very similar to the reference 
yet in much shorter time.
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If you render the scene with VPLs defined this way your will get an image with a lot of 
splotches. Each splotch corresponds to the spike in the emission distribution of a 
single VPL. For example, the streak on the ceiling is caused by a VPL located on a 
highly anisotropic glossy surface.
The common solution in instant radiosityis to ignore the glossy component of the 
BRDF at the light location which produces VPLs with very uniform emission 
distribution.
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More specifically, we well spread the light energy over the surfaces insidethe sphere 
of radius r centered at the light position p. And the contribution of the light will be 
computed as an integral over the solid angle subtended by the sphere.
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[ŜǘΩǎ ǿǊƛǘŜ Řƻǿƴ ǘƘŜ ŦƻǊƳǳƭŀ ŦƻǊ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǎǳŎƘ ŀ ƭƛƎƘǘ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ Ǉƻƛƴǘ 
x. We havethe integration over the solid angle. The integrand is a product of the 
following terms: the cosine weighted BRDF at the surface, next, the BRDF at the point 
y n the vicinity of the light location. Finally, we have an indicator term that is zero for 
all the directions that correspond to surface point y outside the sphere. We normalize 
the integration by the expected surface area inside the sphere, pi*r^2, and multiply 
by the light flux.
Toavoid this indicator term, we could define the light contribution as an integral over 
a disk area. Unfortunately, doing that re-introduces the infamous 1/dist^2 term and 
produces bad results (we tried it). 
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Unfortunately,this formulation requires finding the point y for all directions l inside 
the cone, which required ray tracing. This is clearly not feasible.
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To produce a computationallyconvenient approximation to the previous formula, we 
make the following simplifying assumptions. We assume that the visibility, the 
surface normal and the BRDF are constant inside the sphere. And we take them from 
the light location p.
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With these assumptions,we can write a formula for the contribution of a VSL:
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