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Outline

Motivation

What are optical paths?
What types of questions do | Intend to pose and (maybe) ansne 2

Initiall obhservations

Theorems about 1sometry
Existence (or: non-existence) of extremal paths

Conjectures and open questions

Measure-theoretic problems
Concentration of measure

Potential applications

Error bounded radiative transfer
Efficient sampling of path space
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Optical paths

Scattering event

Photon

Straight-line
trajectories
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Reflecting surfaces

Optical path = “any traectory a photon can follow”
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General optical paths

Non-specular surfaces
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Integration over optical paths

aw
Integrate differential radiance Integrate radiance over projected
reaching a second surface. solid angle to get irradiance.
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V]l otivation for thiswork
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Animageisacollection M easurements imply

of “measurements’. integration.
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Vil otivation for thiswork
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Mitchell & Hanrahan Snits & Arvo Veach & Guibas

Compute Truncate or Find representatives
extremal paths. approximate for each class
long paths. of paths.
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Miotivation for thiswork

Mitchell & Hanrahan Snits & Arvo Veach & Guibas

What fundamental “geometrical” properties do the
set of paths in an environment possess and how are
reflectance and geometry entwined?
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VpEes of guestions to ask

What are the appropriate measures on paths?
Are there extremal paths in general?
What can the family of paths tell us about the environment?

Do non-trivial reflectance functions add a new spin to
old problems?
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Paths in 3D and 2D

L_ittle changes from 3D to 2D,
or; from curved to polygonal
surfaces.
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Thisis one change
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occluder

X5

Hottal’s method

occluder

surface B
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surface A
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The measure of lines

d passing through surfaces
A and B is proportional

to the formfactor.
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Hottal’s method

%%})SqerOSQZ V(Xl, X2) dxldxz
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surface A
cYo /x ’

€ occluder
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The measure of lines

cCo d passing through surfaces
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surface B ad + bc — aec - bfd
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Possible analogs off IHottel”s metihod

2d direct 2d direct 2d indirect 2d n-direct
non -diffuse diffuse diffuse non-diffuse

3d direct 3d direct 3d indirect 3d indirect
non-diffuse diffuse diffuse non-diffuse
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Extremal paths

Extremal paths with respect
to length (time).

Extremal paths with respect
to gaussian curvature.

|s there an analogy for
generd reflection?
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Vi/nal: dees extremal mean
nitnrs context?
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Radiance as a density and derivative

Classical view M easure-theoretic view
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. walts
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power solidangle area
measure measure measure
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Radiance as a density and derivative

Classical view M easure-theoretic view
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. walts
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— d g ® m derivative
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Transport intensity as a derivative
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_ df Radon-Nikodym
f ®mOm I_dm@m derivative
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Transport intensity as a derivative
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Extremal paths

\What does extremal mean
N this context?

df
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Extremal In
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Extremal paths

But the extremum does not
always exist!
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Patin Isometry.

This collection of paths...

|s fundamentally the same
as this collection of paths.
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Patin Isometry.

.

M

Finite number of iIsometric Continuum of 1sometric
paths within the same enclosure  paths within the same enclosure
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Patin Isometry.
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Patin Isometry.

- adiSg = iaNi

- ran:dom” isor:netry Yes,: with
path query isometry f
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Patin Isometry.

- Ry © i

- ran:dom” isor:netry Yes,: with
path query isometry f
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Patin Isometry.
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- ran:dom” isor:netry
path guery
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Irrespective of the isometry
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Patin Isometry.

I <> W

In both
directions
are" yes’

B ABGA O [~ A@GB

Irrespective of the isometry
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Sub-Isometry theorem

it Aand B are compact sets, then

@B ABFHA @ 7 AGB

|f Aand B are sets, then

ALE£]B] A [BI £ |A] = |A]=|B]

(Schroder-Bernstein theorem)
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Sub-Isometry theorem

it Aand B are con “act sets, then

PGB ABRA I 7 AGB

A \B
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Concluding/tihougnts

Exact Isometry cannot be determined in this way,
put It may. provide insight inte equivalence
classes of environments.

Correct definition/interpretation of extremal paths
may |lead to useful analogs of Hottel’ s method.

M easures on paths |ead to new versions of classical
problems in computational geometry.
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