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The Rendering Equation

Lo(x,w, A t) = Le(x,w, A ) + / frix,w w, ) Li(x,w', A ) (—w' - n)dw’
0

http://en.wikipedia.org/wiki/Rendering equation



http://en.wikipedia.org/wiki/Rendering_equation

How to quantify light?

source sSensor

Need to consider
light propagation in
a cone

normal

surface



Solid Angle

source dw (solid angle subtended by dA )

A (foreshortened area)
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What is the solid angle subtended by a hemisphere?



Radiant Intensity of Source

source dw (solid angle subtended by dA )

(foreshortened area)

dA (surface area)

do

Radiant Intensity of Source : | = d— ( watts / steradian )
Q)

Light Flux (power) emitted per unit solid angle



Surface Irradiance

dw (solid angle subtended by dA )

source

A' (foreshortened area)

I

d
q"\\\\\‘\\\\\\\\\\‘ dA (surface area)

_do
dA

Light Flux (power) incident per unit surface area.

] 2
Surface Irradiance : E (watts / m”)

Does not depend on where the light is coming from!



Isotropic Point Light Source

We see an inverse distance squared fall off in intensity.
Here light does not weaken, but only spreads in a sphere.



Isotropic Point Source
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Infinite Line Source

/ Line source shows cylindrical symmetry.

The intensity fall-off is inversely proportional
to distance from the line source. Why?

dO=Idw=FE dA




Infinite Planar Area Source

e Assume every point on the plane is an isotropic point light source.

* We saw inverse squared fall off, inverse fall off...so, this must be...

e Intensity CONSTANT with respect to distance! WHY?

As distance increases, dO=1d w=E dA

Intensity from one point source decreases

But we add intensities from all point sources on the plane.



Distant and Collimated Lighting
Distant Lighting:

Essentially source at infinity

All surface points receive light from
the same direction

Intensity fall must not be ignored!

Most vision and graphics algorithms assume this.

Collimated:

Parallel rays of light on the surface

Lasers (no fall off) - need not be at infinity

Lighting at infinity - (inverse squared fall off)



Divergent and Near-field Lighting

eEvery scene point can receive light from a different direction.
* Much harder to model.
e Examples: near by point sources, spot lights

* Assume distant lighting when size of scene is 10% of the distance to the source.



Fluorescent versus Incandescent Lighting

Fluorescent:
Less heat generated.
More eftficient lighting for the same brightness.
Flickers continuously.
Shows sparse, spikes in spectrum.
Incandescent:
Lots of heat generated.
Less efficient lighting for the same brightness.
No flickers.

Shows continuous spectrum.



Is there a unified representation for light sources?

How do we compare the light from a street lamp to that from an overcast sky?

It is important to unify source representation so that algorithms may be
developed for all sources instead of one per type of source.

Consider the SPACE of LIGHT RAYS!



4D Hypercube of Rays

(xy)-plane (p,q)-plane

~ * Assumes vacuum (no absorption

\ or scattering)

* No fluorescence, phosphorescence

Langer and Zucker, CVPR 97



Representation of Sources
Langer and Zucker, CVPR 97
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