| | | umi nati on M Odel S * Mativation: In order to produce

realistic images, we must simulate
and the appearance of surfaces under

. various lighting conditions.
Shading

Illumination Models: Given the
illumination incident at a point on a
surface, what is reflected?

Image from

* Thereflected light which is perceived isa
combination of multiple light sources
« The surface properties aso have asignificant effect
on the object color
OpenGL simulates the lighting conditions with

equasions that:
« Approximate reality
m « Areeasy to implement
* Software renderers can calculate more realistic
calculations
<
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IHlumination Model + lllumination models is used to calculate the intensity of light nght Source MOdeIS
that isreflected at agiven point on asurface. C
Pararneters « Rendering methods use the intensity calculations from the B
. . . . illumination mode! to determine the light intensity at all A
« Lighting effects are described with pixelsin theimage, by possibly, considering light propagation
models that consider the interaction of between surfaces in the scene.
light sources with object surfaces.
» Thefactors determining the lighting
effects are Point So A): All light iginat
— Thelight source parameters: atom _nturcg fad)all d!g rf;ys originete
« Positions. apoint an Ially diverging.
« Electromagnetic Spectrum. -A reasor_leble agproxi mation for sources
whose dimensions are small compared to the
* Shape. ] .
— The surface parameters object size.
+ Position « Parallel source (B): Light raysareall

parallel. May be modeled as a point
source at infinity (the sun).
Distributed source (C): All light rays
originate at afinite areain space.

— A nearby sources %uch as fluorescent light.

* Reflectance properties.
« Position of near by surfaces.
— The eye (camera) parameters
« Position.
* Sensor spectyum sensitivities.




[llumination Models

Simplified and fast methods for
calculating surfaces intensities.
Calculations are based on optical
properties of surfaces and the
lighting conditions (no reflected
sources nor shadows).

Light sources are considered to be
point sources.

A reasonably good approximation
for most scenes.
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Phong Shading Model

ambient
diffuse
specular

The three components are computed
independently and (weighted) summed

Diffuse

Thisis because a surface (A)
perpendicular to the light direction is
more illuminated than a surface (B) at
an oblique angle.

The reflected intensity | ; of any
point on the surfaceis:

lirr=Kg 1,008(0)=Kg4 I ,(N-L) |

I, - the point light intensity.

Kq € [0,1] - the surface diffuse
reflectivity.

N - the surface normal.

L - thelight direction.
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Diffuse Reflection

 Diffuse (Lambertian) surfaces are
rough or grainy (like clay, soil,
fabric).

» The surface appears equally bright
from all viewing directions.

¢ The brightness at each point is
proportional to cos(6):

Ambient
surface

Diffuse
surface

Ambient
surface

Diffuse
surface




Diffuse reflections from different
light directions

« Commonly, there are two types of
light sources:

— A background ambient light.
— A point light source.

* The updated illumination equation is
thiscaseis:

1=t amb=Kg IpN-L + Kg 1y

* Notethisisthe model for one color
and it should be duplicated for each
channel: IR, IG, B,

Specular light

« Specular light is also directional, but scatters
in apreferred direction

« "Shiny materials' have a high specularity
« Matte materials have low specularity
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Specular Reflection

* Shiny and glossy surfaces (like metal,
plastic) with highlights.

« Reflectance intensity changes with
reflected angle.

» For an ideal specular surface (mirror)
thelight isreflected in only one
direction - R.

« However, most objects are not ideal
mirrors (glossy objects) and they reflect
in the immediate vicinity of R.
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» The Phong Model:
Reflected specular intensity falls off as
some power of cos(¢):

| =K 1,C08"(0) =K | (RV)" |

K - the surface specular reflectivity.

n - specular-reflection parameter,
determining the deviation from ideal
specular surface (for mirror n=oo).
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Plots of cos(¢) for several specular
parameter n.
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Several reflections with
different specular parameters
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Ambient Light

Ambient illumination islight that's been scattered
so much by the environment that its direction is
impossible to determine: it seems to come from
all directions

Ambient Light

* Assumethere is some non-directional
light in the environment (background
light).

* The amount of ambient light incident
on each object is a constant for all
surfaces and over all directions.

The reflected intensity |,,,,, of any
point on the surfaceis:

lanb=Ka la

|, - the ambient light intensity.
K, € [0,1] - the surface ambient
reflectivity.
In principle | ;and K are functions of
color, so we have IR

16, 1B
amb’ ' amb, " amb
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Examples: Ambient light reflections

¢ The updated illumination equation
combined with diffuse reflection is:

|= Iamb+|diff+lSpec
K, lat I (Kg N-L+K (RV)M)

« If severa light sources are placed in
the scene:

| 1= Lot Z (Haisr o) |

Commonly, there are two types of
light sources:

A background ambient light.

A point light source.

Composition of Light
Sources

Ambient
surface

Diffuse
surface

Diffuse

Specular

Composition of Light Sources

Summary

« Diffuselight comes from asingle direction
— Brighter if it strikes a surface directly
— Scatters equally

Specular light is aso directional, but
scattersin a preferred direction

— "Shiny materials' have ahigh
specularity
— Matte materials have low specularity

« Ambient light compensate for not
considering reflection from other surfaces




The Highlight Vector

First, let see how to compute the vector R,
givenL and N.

R=(2L*N)N- L

R isrelatively expensive, and we can do better:

The Highlight Vector

R=(2L*N)N-L

The Highlight Vector
H=L+V

H*N ~ V*R

Assuming L and V are constant per surface,

H is constant per surface for the given view.

Thus, we avoid computing R. The actual size

of the angle can be compensated by the glossiness
factor n.




