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Å In the previous part of the course, I said that from the point of view of the 

path integral framework, the major difference between different LTS algorithms 

is the employed path sampling technique. 

Å In this part of the course, we will focus on bidirectional path sampling 

techniques, that build a sub-path from the camera and from the light source 

and connect the two sub-paths to generate an entire path. Such sampling 

techniques are employed in the bidirectional path tracing algorithm. 
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Å But before I get to the description of bidirectional path tracing, I would like to 

start with Virtual Point Light Rendering (a.k.a. Instant radiosity) and show the 

advantages of looking at this algorithm through the prism of the path integral 

framework. 
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ÅThe instant radiosity algorithm proceeds in two stages. 

Å In the first stage, we trace sub-paths starting from the light sources, 

depositing ñvirtual point lightsò at every surface intersection. 

Å In the second stage, we render the image by computing the contribution from 

all the virtual point lights to the scene points seen through camera pixels. 
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Å The contribution of the VPL at y to a surface point at x is given by the product 

of the scattering term (BSDF) at the two vertices, the geometry term of the 

connecting edge, and the VPL energy. 

Å This expression can take one extremely large values for spiky BSDFs and 

when the points x and y approach each other (in fact, the expression diverges 

ï goes to infinity ï in the latter case). 
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Å The usual approach to deal with the singularities in VPL contribution is the so 

called clamping, where we simply limit the contribution of the VPL by some 

maximum allowed value. 

Å However, this is far from being an ideal solution because it removes a lot of 

energy from the scene, yielding darkening of surface and change of material 

appearance. 
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Å Letôs now look at the exact same process in the path integral framework. 

Å In the first step, we distribute the VPLs. Of course, that is nothing else than 

sampling sub-paths starting from a light source. 

Å Finding out a point visible through a pixel from the camera involves building a 

length-1 sub-path from the camera. 

Å And finally, evaluating the VPL contribution completes a full light transport 

path by connecting two sub-paths together. 
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Å Once again, we use the exact same general form the of path integral 

estimator, that is the value of the measurement contribution function divided by 

the path PDF. 

Å Again, the measurement contribution function is given by the product of the 

emission, sensor sensitivity, BSDFs at the path vertices, and the geometry 

terms for the path segments. 

Å And notice that the factor of the contribution function associated with the VPL 

connection edge are exactly the terms that need to be evaluated when 

computing the contribution of a VPL. 

Å So how does the path PDF looks like? 
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Å To see that, I will allow myself a little digression back to a slide I showed a 

couple of minutes ago. 

Å On this slide I was showing that every time we sample a vertex, y in this 

example, by picking a random direction from another vertex, x here, and 

shooting a ray, we automatically importance sample the geometry term along 

the edge. 

Å However, the geometry term for edges constructed by connection are not 

importance sampled. 
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Å So we see here that the geometry terms for the segments on the light and 

camera sub-path are importance sampled. 

Å Also, the radiance emission and sensor sensitivity are importance sampled 

because we usually pick the initial path vertex and initial direction proportional 

to these quantities. 

Å But notice that none of the quantities associated to the connecting edge are 

importance sample ï Indeed, we just blindly connect two vertices. And thatôs 

exactly where all the problems with VPLs are coming from.  
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Å To summarize, VPL rendering is easily interpreted in the path integral 

framework as a bidirectional path sampling technique. 

Å This view allows us to clearly identify that the splotches typical for VPL 

rendering are in fact just a demonstration of the variance caused by bad path 

sampling. 

Å Also notice that the splotches are in fact conceptually the exact same thing 

as noise in path tracing: both are just a visual manifestation of the variance of 

the underlying estimators. The reason we obtain splotches in VPL rendering is 

the inter-pixel correlation due to the VPL reuse across different pixels. 
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Å Letôs now use the experience form the VPL rendering example to motivate 

the bidirectional path tracing algorithm. 
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Å This slide schematically shows all the possible bidirectional techniques that we can 

obtain by starting a path either on light source or on the camera and applying only the 

basic three operations of local path sampling for an example path of length 4. 

Å The first two cases correspond to what a regular path tracer usually does (randomly 

hitting the light sources and explicit light source connections.) 

Å The fourth correspond to VPL sampling. 

Å And the last two are complementary to the first two and therefore correspond to light 

tracing. 

 

Å Each sampling technique importance samples a different subset of terms of the 

measurement contribution function. 

Å However, in each of these techniques, there are some terms of the measurement 

contribution function that are not importance sampled. 

Å The purely unidirectional techniques (top and bottom) do not importance sample the 

light emission and sensor sensitivity, respectively. Indeed, for example the technique 

at the top relies on randomly hitting a light source, without incorporating any 

information about the location of light sources in the scene. 

Å All the bidirectional techniques, that is, those that involve connection of two sub-

paths, are unable to importance sample the terms associated with the connection 

edge, exactly as in the case of VPLs. 
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