PHOTON MAPPING

15-462: Compu xe’r Graphics
March 19, 2009




ay tracing
gral-based models
diosity

= There are also hybrid

models that are a mix
of the two.
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Questions to Think About

ne of the effects that we can't get
1dering methods that we've gone

)re specifically, why can’'t we capture these
cts with our current models?

thermore, can we come up with a good way to
1is efficiently?

51 [s there a perfect model that can do all of this?
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Point-Sampling Models

Tracing

ectional Patt ing
ropolis Light Transport

n Mapping




e ]

onte Carlo ray tracing is a much more
plicated extension of distributed ray tracing,
ough the two terms tend to overlap.
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Problem(s)

oblem that these Monte Carlo ray
s run into is the amount of

ise left behind.

his is particularly noticeable regarding caustics.

an remedy this by increasing the amount of
we send out, but this is computationally
e and more expensive.
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Motivation

bal illumination model that can do

effects can be simulated

rbitrary geometry
W memory consumption
esult is correct (ignoring the variance/noise)

on mapping is an alternative to the
rendering algorithms presented earlier.
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The Basic Idea

Ing is a two-pass algorithm
tracing

Fire photons from all f the light sources in the scene

ild a “photon map” that stores their locations after
Ing fired into the scene

nd pass: Rendering

der the scene by taking the information stored in
the photon map into account
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. Photon Tracing

yunch

photons from all o: | /
ights in the scene.
oton thought of in ~u

its own intensity, or
power, represented by )
its color. A

lar way to a ray, \
pt that it also has 4]

Thursday, April 1, 2010



.
Photon Tracing

e a variety of light sources using

Point lights
pherical lights
rea lights

omplex lights
rdless of the shape, the basic idea is the

same: for every light, we want to send out
photons uniformly in all directions.

= This can be optimized further by only firing photons in
the direction of the geometry in the scene.
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Photon Tracing

is fired, it bounces around the scene
re some termination condition.

).
the most general case, a photon can either be
ected or absorbed by the object.

sorption is the general termination condition upon which
we then store it in the photon map.

e accurately, the BRDF of the object with which
the photon collides will determine what will happen
to it.

s Thatis, can it be specularly and diffusely reflected,
refracted, etc?

[=]
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such that we can capture caustics.

hile we normally might allow diffuse reflection for
ome photons, after a photon has been specularly
eflected or refracted for some time, then comes in
ontact with a diffuse object, we want to terminate it
stantly and store it in the photon map.
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Russian Roulette

e used to determine what happens
‘when colliding with an objectis a
robabilistic technique called Russian Roulette.

e following is an example of how to use

ssian roulette on an object with both diffuse

d specular reflection (with probabilities Pa and
respectively).

1 We generate some random number ¢ € [0,1]

« £ € |0,p4] => diffuse reflection
= £ €|pg, ps + Pal => specular reflection
= £ €E|p, + pg,1| => absorption
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Russian Roulette

ssian Roulette work? And also, why

ecall that when light hits an object, based on the
DE fractions of it are reflected, absorbed, etc...

ne way to deal with this is to spawn additional
photons at each collision and reflect, refract, etc them
ith decreased intensity back into the scene.

owever, this substantially increases the number of
photons we fire.

= Russian Roulette allows us to fire less photons at full
intensity. We may fire less photons, but the expected
value of the intensity remains the same.
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T he Photon Map

atial data structure to store our
ood spatial data structure will

elatively fast insertions

latively fast lookups, but more importantly, a way of
ooking up elements “neighboring” a particular
ment.

The structure that is most generally used for this
is a balanced k-d tree. (This is what you will be
asked to implement in project 4.)

Thursday, April 1, 2010



.

alanced) K-D Trees

d k-d tree?

ori actical (and subsequently, so is an
octree) because our distribution of photons is not
niform.

K-d tree is much more tailored to the distribution of
he photons and balanced, it gives use O(logn)

sertion and individual lookups. It also gives us a
0d representation of how to return the nnearest
photons in relation to a given point. This is known
more commonly as nearest-neighbor search.
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he Photon Map (x2)

ote is that we actually want to keep
ps: one just for caustics and one
or global illumination in general.

Caustics photon map: Concentrate on firing photons
irectly at specular objects in the scene.

Global photon map: Fire photons uniformly from all
ight sources into the scene.

s The global photon map will not contain enough
photons to accurately represent caustics in our scene
since not enough photons will be concentrated at
points where caustics occur.
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Radiance Estimate

| has been fired and absorbed (or
7e can look it up again in the future.
ore specifically, we will need to look it up when
Iculating the radiance estimate of a point.

e idea is simple: given a point, we want to find
n nearest photons and average over them to
compute the radiance at that point.

Getting the 7 nearest photons is easy: we run
nearest neighbor search on our photon map.
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Radiance Estimate

these n photons, we want to evaluate
e lance at our point.

1 (x, W) = fﬂ 5L <, ) (i, - W)

can approximate this by drawing a sphere around
I n photons with our point as the center. We then
ject all of our photons onto the circle defined by
the intersection of the sphere and our object surface.

= Summing up all of the intensities of the photons and
dividing them over the area of the circle will give us
an accurate approximation for the radiance.
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Rendering

IS a pre-rendering step that
ed once before the second pass

" the algorithm.
he rendering pass, we basically want to use

hoton map(s) we built to assist us in
puting the color of an object at a given point.
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Color Computation

oreak down the color computation
following four components:

Direct [lluminatio

hecular Reflection

| .stics
1direct [llumination

1S, solving the rendering equation boils down
very simply to: [, = Ly, + Lg+ L¢ + L;
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Direct IHlumination

ation can be represented by the

1n

5
fr (xr Ef: a_:}))Li,[ (x; ﬁ_}))(gf : ﬁ)dﬁf

ﬂI
ere are a variety of ways to evaluate this term,
ut the simplest way is to take a standard ray
tracing algorithm and compute the color at the
point of intersection without taking into account
the contributions of any specular reflection...
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Specular Reflection

miss ough dielectrics) can be
presented by the following integral:

ﬁ',.&‘(x! ﬁr' ﬁ)(L[,L' (I, ﬁ) + Li,d (I, ﬁ))(ﬁlr - ﬁy)dﬁr

best way to evaluate this term is to take
advantage of a ray tracing algorithm and simply
evaluate the color returned by reflecting or
refracting a ray at the point of intersection.
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Caustics

e represented using the following

f fro (. 5’,5’)1,_,;{__(;;,5,’)(5’ -)dw’
2y

culating an accurate contribution from
tics can be achieved using our caustics
photon map. We simply wish to take the
radiance estimate from the map.

n (Note: The global photon map will also give an
approximate evaluation, but it is not as accurate)
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Indirect IHlumination

ination can be represented using the

1ng
f fr,D (x ’
L

Ing the radiance estimate from the global photon
will give us a good approximation of this term.

&', @)L 4 (x, B) (@ - 1)d&

ore accurate evaluation can be achieved using Monte
Carlo ray tracing, but this requires substantially more
computation. The nice thing about our approximation is
that caustics are separated out, which is the main cause for
noise in Monte Carlo ray tracing.
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Final Calculation

ary, for each of the components of
or n point:

LD best achieved using a general ray tracing algorithm

eye and shadow rays)

: also best achieved by taking the contribution from
pecular and transmitted rays

: taking the radiance estimate from our caustics
oton map

p

_ L] : taking the radiance estimate from our global
photon map or using Monte Carlo ray tracing
techniques
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Q jy r = ffe c(sS

0 suitable for picking up
e aren’'t actually going

i g \ e
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