1

The Perfectl yD iffuse

Assu mption

¯ Standard radiosityassumes perfectly diffuse surfaces:

˘ We can use radiosityinstead of radiance

˘ No directional energyconcern

¯ Doesn´t matter where the energycomes from

¯ Doesn´t matter which direction it leaves in

¯ Specularities are missing:

˘ No mirrors (ideal specular)

˘ No highlights (directional diffuse)

Adding Specular T ransfer

¯ Several approaches:

˘ Discretize position and direction on each surface, and solve for (x,

Q ) couples

˘ Raytracing variants (next week)

˘ Simple 2 - pass approaches

˘ More complete 2 - pass approaches

Discretizing Rad iance

¯ Each patch stores directional radiance arrivin g

from a number of discrete directions, Q

j

˘ Use a global cube to store values

˘ A globalcube is like a hemicube, but radiance values

are stored at the ^pixels~

¯ New transfer equation:

ò å

W - Î Q

Q - Q + Q = "

j dw L x x L L l k

j j v j l k

j bd l k e kl q r cos ) , , ( ) , ( ,

) (

Solving for Directional Radian ce

¯ Use a pro gressive refinement algorith m

¯ Th e shooting patch, for each out direction:

˘ Looks up the visible patch

˘ Sums the incoming radiance, multiplied bythe

BRDF

˘ Shoots the result to the visible patch

¯ Generate image using direction al

information providin g b yraytracing

Problems with Directio nal

Radiance

¯ Massive amount of data for reasonable

results

¯ Alias es and fails to capture, or blurs, tight

highlights

¯ Lon g co mputation times

¯ Solution: View dependent approaches

Two Pass Approaches

¯ Specularities are often highlylocalized in terms of

both position and viewing angle

˘ Few are likelyto be important for anygive n view

¯ Directionalradiance computes alldirections,

regardless of their importance

¯ Two pass approaches compute the non - directional

component in one pass, and the strongly

directionalcomponent in a second pass

Simp le Two - P ass Approaches

¯ Radiosityfirst pass with ra ytraced second

pass

˘ Radiositycaptures diffuse interactions

˘ Raytracing captures mirror effects and

specularities due directlyto sources

˘ What does it get wrong?

¯ Radiosityfirst pass with Phong second pass

˘ Cheap, incorrect, but can look good

Co mplete Two - Pass Method

¯ Works for ideal sp ecularities

¯ First pass co mputes specular paths between

emitters and other patches

˘ Extend form factors

¯ Second pass computes specular paths from

the eye to patches

˘ Raytrace from eye into scene

Extended Form Factors

¯ Define the extended form factor, F

ij ext to be the

proportion of the totalpower leaving patch P

i that

reaches patch P

j after anynumber of specular

bounces

¯ Replace form factors in regular radiosity equation

with extended form factors

¯ Allspecular bounces between emitters and

receivers willbe taken into account (correctly)

Co mputing Extended F orm

Factors

¯ Standard methods can be used to render

mirror effects with a hemicube and z - buffer

˘ Treat mirrors as windows into reflected world

˘ Multi - pass method (can also do refraction)

¯ Raytracing for form factors can be triviall y

extended

¯ Must take into account specular reflection

coefficients

Second Pass

¯ Must account for specular reflectors seen b y

the eye

¯ Raytracing, or multi - pass z - buffer

¯ For correct results, should match method

used for extended form facto r, s o that the

effects captured are consistent

Directional D iffuse BR DF

¯ Reflectance has a smooth variation with angle.

Most realsurfaces are like this.

¯ Use a smooth, compact representation for radiance

at each patch

˘ Spherical harmonics

¯ Take distribution into account whengathering or

shooting

¯ Stilluse second pass for idealspecular effects

Participating Media

¯ We assu med that we were operating in a

near - vacuum

˘ Radiositywas not attenuated along lines

˘ Radiositywas onlycalculated at surfaces

¯ Participating media (fog, s moke, clouds) are

frequentlyimportant

Volu metric Effects

¯ Emis sion

˘ Energygenerated bythe volume (flame, sun)

¯ Absorption

˘ Energylost to the volume

¯ Out - scattering

˘ Energyscattered out of a volume

¯ In - scattering

˘ Energyscattered into a volume from the

neighborhood

Functions Describing a Volu me

¯ Absorption coefficient, k

a

˘ Amount of energy absorbed per unit length

¯ Scatterin g coefficient, k

s

˘ Amount of energy scattered per unit length

¯ Emitted radiance, L

e

¯ Phase function, f( Q )

˘ Function describing how much energycomes

from direction Q into another other direction

General Transfer Equation

¯ With , extinction coefficient

¯ Describes how radiance chan ges along a

line

¯ Once again, not eas yto handle in its full

form w k k k d f L L L

ds dL

i s e a t

) ( ) ( Q Q + + - = ò

W

s a t k k k + =

Transmittance

¯ t : the fraction of energ ythat go es straight

through:

ò

= ò

=

- =

-

-

s

t s

t

du u du u t

e s e L s L

L

ds dL

0

0

) (

) (

) (

) 0 ( ) (

k k

t k

No Scattering

¯ Can use with raytracing

¯ Constant absorption and emittance (fog

models):

ò - + =

+ - =

s

a e e a a

du u u s s L s L s L

L L

ds dL

0

) ( ) ( ) ( ) ( ) 0 ( ) ( k t t k k

) 1 ( ) 0 ( ) ( s

e s a a e L e L s L k k - - - + =

Two - Pass Method

¯ Assume isotropic mediu m (scatters equall y

in all directions)

¯ Break volume into chunks

¯ Compute inco ming radiance for all chunks

and surfaces

¯ Render in a ra ytracing p ass, accumulatin g

contribution along each ra yfrom the e ye

Zonal Method Equations

¯ Need exchange factors (generalized from factors):

Fraction of energyleaving one surface/volume

that arrives at another surface/volume

÷

÷

ø ö

ç ç

è æ

+ + =

÷

÷

ø ö

ç ç

è æ

+ + =

å å å å

Î Î

Î Î

S j Vm m k m j k j k k k a k k t

S j Vk k i k j j i i i i i i

B V V B V S R V E k V B k

B S V B S S A E A B

) ( 4 ) ( 4

: s For volume

: surfaces

For

k k r