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SIGGRAPH 2022

Very theoretical study of the light transport operator
Few figures and a lot of proofs in the supplemental material

In this presentation, only a subset of the results



Distributions and operators

Set of surfaces

Radiance distribution:

We restrict ourselves to diffuse scenes.



Distributions and operators
Radiance distribution:

Operators:



Light transport operator

Operator for one bounce of light

visibility
albedo



Light transport operator

Operator for one bounce of light

Integral operator, with kernel function 



Compact operators

Compact operator:

For all bounded distribution sequence                 ,
     
                       has a convergent subsequence.



Compact operators

Compact spaces are spaces where objects can’t oscillate indefinitely/arbitrarily

So compact operators can be thought as “smoothing” operators. They take generic (but bounded) sequences, and 
“compresses” them into sequences that can’t oscillate too much (because they have to contain a converging 
subsequence).

A non-compact operator: A compact operator:

Convolution with a Gaussian kernel: it smoothes the function, blurring 
high-frequency oscillations. For example, even increasingly oscillating 
functions, like                                        have a converging subsequence (here, it 
converges to zero).



Is the light transport operator compact ?

Important, because compact operators can be uniformly/reliably approximated 
using finite rank linear operators.

They can be approximated by their action over finite dimension 
space, with an error independent of the radiance distribution.

For example, it can be applied to finite element methods, for which 
we would have an upper bound on the error independent of the 
radiance distributions.



So, is it compact ?

If the kernel is bounded, then the light transport operator is compact.

Indeed, the integral operator of a square-integrable kernel is called a Hilbert-Schmidt 

operator, and they are compacts



But when is the kernel unbounded ?

are constant
Abutting angles break this condition.



Illustration of the non-compactness

Situation:

Two abutting planes, and a sequence of circular light 
sources, such that:

the areas 

the emission powers 

So the initial radiance distributions are bounded in 
norm.



Illustration of the non-compactness

Tends to a spike/delta distribution -> no (sub-sequence) 
convergence

The reminders

is increasing and tends to a positive limit.



Another result: operator decomposition

The article presents another result, on the general (non-diffuse) light transport operator T.

If the scene has a finite number of materials 

are the eigenvalues of material i

are essentially “eigenfunctions of material i”

are the images of               after light exchange

where



Implications

Compactness: 

Mainly of theoretical result, to study existing finite-rank / finite-bases methods. The result is that in most 

cases, the error using such methods is unbounded. They argue that better understanding of this operator 

can guide the choice between these methods.

Decomposition:

They don’t elaborate much on this result, but they say that explain that eigenvalues/eigenfunctions are 

hard to estimate in this case. So also mainly a theoretical result too.



Thank you, questions ?


