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Granular materials
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All scattering

Single scattering

Direct/indirect separation

[Nayar et. al, SIGGRAPH'06]



Kajiya-style path tracing, surfaces, version 0:

rayRadianceEst(x, w):
y = traceRay(x, w)
return emittedRadiance(y, —w) + reflectedRadianceEst(y, —w)

reflectedRadianceEst(x, w):
w' = uniformRandomPSA(n(x))
return 11 * brdf(x, w, w') * rayRadianceEst(x, w')



Kajiya-style path tracing, homogeneous volume, version O:

rayRadianceEst(x, w):
y = traceRay(x, w)
s = selectDistance(x, w)
if s <|y— x| then

X'=X—-sw
return scatteredRadianceEst(x’, w’)
else

return emittedRadiance(y, —w) + reflectedRadianceEst(y, —w)

selectDistance(x, w):
¢ = random()
return —log(¢) / ot

scatteredRadianceEst(x, w):
w' = uniformRandomSA()
return 41T * 0s / ot * phaseFn(x, w, w') * rayRadianceEst(x, w')

reflectedRadianceEst(x, w):
w' = uniformRandomPSA(n(x))
return 11 * brdf(x, w, w') * rayRadianceEst(x, w’)



Kajiya-style path tracing, surfaces, version 0.5:

rayRadianceEst(x, w):
y = traceRay(x, w)
return emittedRadiance(y, —w) + reflectedRadianceEst(y, —w)

reflectedRadianceEst(x, w):
if random() < survivalProbability:
w' = uniformRandomPSA(n(x))
return 1 * brdf(x, w, w') * rayRadianceEst(x, w') / survivalProbability
else
return O



Kajiya-style path tracing, homogeneous volume, version 0.5:

rayRadianceEst(x, w):
y = traceRay(x, w)
s = selectDistance(x, w)
if s <|y— x| then

X'=X—-sw
return scatteredRadianceEst(x’, w’)
else

return emittedRadiance(y, —w) + reflectedRadianceEst(y, —w)

selectDistance(x, w):
¢ = random()
return —log(¢) / ot

scatteredRadianceEst(x, w):
if random() < survivalProbability:
w' = uniformRandomSA()
return 41 * 0s / ot * phaseFn(x, w, w') * rayRadianceEst(x, w') / survivalProbability
else
return O;

reflectedRadianceEst(x, w):
if random() < survivalProbability:
w' = uniformRandomPSA(n(x))
return 1 * brdf(x, w, w') * rayRadianceEst(x, w') / survivalProbability
else
return O



Kajiya-style path tracing, surfaces, version 0.75:

rayRadianceEst(x, w):
y = traceRay(x, w)
return emittedRadiance(y, —w) + reflectedRadianceEst(y, —w)

reflectedRadianceEst(x, w):
if random() < survivalProbability:
w’, pdf = brdfSample(x, n(x))
return brdf(x, w, w') * rayRadianceEst(x, w’) / (pdf * survivalProbability)
else
return O



Kajiya-style path tracing, homogeneous volume, version 0.75:

rayRadianceEst(x, w):
y = traceRay(x, w)
s = selectDistance(x, w)
if s <|y— x| then

X'=X—-sw
return scatteredRadianceEst(x’, w’)
else

return emittedRadiance(y, —w) + reflectedRadianceEst(y, —w)

selectDistance(x, w):
¢ = random()
return —log(¢) / ot

scatteredRadianceEst(x, w):
if random() < survivalProbability:
w', pdf = phaseFunctionSample()
return os / ot * phaseFn(x, w, w') * rayRadianceEst(x, w') / (pdf * survivalProbability)
else
return O;

reflectedRadianceEst(x, w):
if random() < survivalProbability:
w’, pdf = brdfSample(x, n(x))
return brdf(x, w, w') * rayRadianceEst(x, w’) / (pdf * survivalProbability)
else
return O



Kajiya-style path tracing, surfaces, version 1.0:

rayRadianceEst(x, w): reflectedRadianceEst(x, w):
y = traceRay(x, w) return directRadianceEst(x, w)
return emittedRadiance(y, —w) + indirectRadianceEst(x, w)

+ reflectedRadianceEst(y, —w)
indirectRadianceEst(x, w):

directRadianceEst(x, w): if random() < survivalProbability:
w’, pdf = luminaireSamplePSA(X, n(x)) w’, pdf = brdfSample(x, n(x))
y = traceRay(x, w') y = traceRay(x, w')
return brdf(x, w, w') return brdf(x, w, w')
* emittedRadiance(y, —w’) / pdf * reflectedRadianceEst(y, —w’)
[/ (pdf * survivalProbability)
else:

return O



Kajiya-style path tracing, homogeneous volume, version 1.0:

rayRadianceEst(x, w, e = 1):
y = traceRay(x, w)
s = selectDistance(x, w)
if s <|y— x| then
X'=X—-sw
return scatteredRadianceEst(x’, w’)
else
return e * emittedRadiance(y, —w)
+ reflectedRadianceEst(y, —w)

selectDistance(x, w):
¢ = random()
return —log(¢) / ot

directReflectedEst(x, w):
w’, pdf = luminaireSamplePSA(X, n(x))
y = traceRay(x, w')
return brdf(x, w, w')
* attenuation(x, y)
* emittedRadiance(y, —w') / pdf

directScatteredEst(x, w):
w’, pdf = luminaireSampleSA(x)
y = traceRay(x, w')
return phaseFn(x, w, w')
* attenuation(x, y)
* emittedRadiance(y, —w') / pdf

scatteredRadianceEst(x, w):
return directScatteredEst(x, w)
+ indirectScatteredEst(x, w)

reflectedRadianceEst(x, w):
return directReflectedEst(x,
+ indirectReflectedEst(x,
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indirectReflectedEst(x, w):
if random() < survivalProbability:
w’, pdf = brdfSample(x, n(x))
return brdf(x, w, w')
* rayRadianceEst(x, w', 0)
[/ (pdf * survivalProbability)
else:
return O

indirectScatteredEst(x, w):
if random() < survivalProbability:
w’, pdf = phaseFunctionSample()
return os / ot * phaseFn(x, w, w')
* rayRadianceEst(x, w', 0)
/ (pdf * survivalProbability)
else
return O;



