lllumination / Reflection Models Lecure

* Rigorous Physics

+¥ 760 P4 2p

lxY.2= 0 O O gtxy.zf,q,1)R(xyzf,q,l )dgdf di dt
t=¥ | =580f =0q =0
« Simplified Physics
« “Tricks, Hacks, and Kludges”
* What looks good

Light Source

Direct Reflection

5

Indirect Reflection Observer
Image Plane
« Fidelity vs Speed Tradeoff
« Application specific
1
Illumination / Reflection Models Lecg“re

* Model Components
« Number of light sources
* Type of lights
« Location of lights
« Orientation of object
« Object material/surface properties
* Visibility
« Location of observer

Surface Normal
= LightVector
V = Viewing Vector

=
=y

g = Viewing Angle
qg= IncidenceAngle




lllumination / Reflection Models Lecure

Spheres Rendered with No Lights

Ambient Reflection Lecgure

* Ambient Reflection Term
« Self-luminance?
» Multiple reflections from
multiple objects
« Constant over entire surface

| =Reflected intensity

| =kala where . . .
ka=Ambient reflection coefficiert

la=Ambient light intensity

* k, is determined from material
properties (no physical basis)

* Ambient term is independent of :
« Light vector
« Surface normal
* Viewing vector




Ambient Reflection Lecgure

| =kala

Spheres Rendered with Ambient Reflection Only

Diffuse Reflection Lecgure

« Diffuse Reflection Term
« Reflects light equally in ALL directions
 Caused by rough surface
» Same intensity regardless of viewing direction
 Lambertian surface

la = Diffuse intensity

L la =ka i COS(C]) ke = Diffuse reflection coefficient
. I =Light source intensity

la =ka i (I’AMA)

o Light source is

(ﬁ >4A)< o b cosqi < (O = g > 90" pehind surface




Diffuse Reflection Lecgure

la = ka | cos(g)

Spheres Rendered with Diffuse Reflection Only

Specular Reflection Lecare

» Specular Reflection Term
« Highlights
* Reflection angle = Incidence angle
« Perfect specular reflection :

Is =0everywherexceptat V =R
« Phong reflection model

Is=W(q) I cos" f
cos f

G =0r




Specular Reflection Lecgure

 Specular Reflection Term
* As n increases, the size of the highlight decreases
« Dull surfaces have small n
« Polished surfaces large n
» W(q) described by Fresnel Reflection Coefficients
« Transparent materials have High W(q) at large q
» Opague materials have relatively constant W(q)

ls=W(q) h cos"f = ks I (7 x0)"

Acogy +s
= ﬁ(Zc sq - | R
— ~ g \a r=—
=2In4 Jn- | |R|
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Specular Reflection Lecgure

 Specular Reflection Term

« Some formulations use the “Halfway” vector
« Orientation of surface for maximum specular reflection
in the viewing direction

kz&h@ﬁf

If L agd V areconstant over thesurface,
then His constant.

- - = fﬁoﬂ)rgqui resfewer caculationsthan (ﬁ ><\7)
H=L+V sinceR must bere- calculated for every value
of Nacrossthesurface
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Specular Reflection Lecgure

ls=ks li cos"(f )

Spheres Rendered with Diffuse Reflection Only
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Simple Reflection Model Lecgure

I =la+Id+Is
=kala+ka I (VL) + ke 1 R )

« Reflection Coefficients
» Based on:
 Material type
« Surface finish
» Texture maps
» What looks good
* Artistic license
*Trial and error
« Personal library
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Attenuation Model Lecgure

« Intensity Attenuation
« Distinguish overlapping surfaces with
the same reflection parameters

 Radiant energy disperses as 1/r2

Attenuation function f(d)
* User defined constants for a,, a,, a,
« d is the distance from the light
source to the reflection point

1
f(dy)=————
(d) ao+ aud +azd?

| =ka la+ f(d)%kd I (NoL) + ke I (ﬁﬂ)”

o <=
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; Lecture
Light Sources g

* Types of Light Sources
* Point source
« Directional source
* Spotlight
Pont Sore Spotligh

‘\f/Lv S —
/.1\\ i) é&
& & &

* Sum Intensities Over All Sources

|—ka|a+a f(d)lkd|||(N>Ll)+kS||l(Rl )%

=1
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Lecture
9

Write Reflection Model in RGB components
*Treat rél etioncoéficimtsasv etos

ka= kaR. kac‘ Kas
kd = (Kdr Kds. Ka
ks = <kSR‘ kSG. k53>

*A‘gren’olped¢ resnonz eogreencoéfs
n N o o . =\n:
IR = ke la+ G f(di){kdq|..(N>4J)+kSR|..(Ri>«/)g
i= I

» Modify surface color by changing reflection coeffs
* Plastic surfaces have white highlights
* Metallic surfaces have colored highlights
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Lecture
9

* Entire Polygon Displayed with the Same Intensity
Calculate intensity from the reflection model
Use the facet normal (for 3 vertex polygons)
Compute an average normal (for >3 vertex polygons)

*ValidShdig Mdé Wwen
« @ject is truly planar (not an approximation.of.a curved surface)
All light sources are far enough away thatrCN’@
is constant over the polygon surface .
Viewing position is far enough away that (R‘ >e\/)
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Letue

Gouraud Shading 9

eLinear Interpolation of Intensity Across Polygon Surface

Match Intensity Across Polygon Edges

» Gouraud Algorithm
*Deter imeaer@e normal ateahvere x

Jd -
. anN
Navg = i? n =al polygonshat sharethevertex

i
i=l

» Compute intensity at each vertex from reflection
model and average normal
« Linearly interpolate intensity across surface of

polygon
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Gouraud Shading Lecare

* Linear Interpolation of Intensity Across Polygon Surface

3

» Compute average normal at each vertex (1, 2, 3)

» Compute intensities 1, 1, I,

p scanline

4\./' 5  Compute intensities 1, I
2 - -
PR LATNS Lob LN
yi-y2 yi-y2

+ Compute intensity |,

Xs5- Xp |
X5- X4 X5 - Xa

Xp - X4
4+ ——15

lp =
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Lecture

Phong Shading 9

* Linear Interpolation of Normal Across Polygon Surface

S

* Phong Algorithm

« Determine average normal at each vertex
« Linearly interpolate normal across surface
« Compute intensity from reflection model for

Ns each value of the normal
= N= y-y2N1+ yl-yﬁz
N2 yi-ye o yi-ye
scanline
N R,
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Shading Lec;ure
Flat Shaded Phong Shaded
20
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Lecture
9

ERROR!

21

. . Let
Rendering A Lit Sphere o

/* Initiadlize material property, light source, lighting model, and depth buffer. */
void init(void)

GLfloat mat_ [1={10,10 10, 10};
GLfloat mat_shininess] ={ 50.0};
light_position[] ={ 1.0, 1.0, 1.0, 0.0 };

glClearColor (0.0, 0.0, 0.0, 0.0);
glShadeModdl (GL_SMOOTHY);

gMateriafv(GL_FRONT, GL_SPECULAR, mat_specular);
giMateriafv(GL_FRONT, GL_SHININESS, mat_shininess);

glLightfv(GL_LIGHTO, GL_POSITION, light_position);
glEnable(GL_LIGHTING);

olEnable(GL_LIGHTO);
glEnable(GL_DEPTH_TEST);
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Opn G Pogamin

* Light Sources
 glEnable( GL_LIGHTING)

* glLightfv( lightname, param, value )
« Braneters
‘GLAMBEN
* GL_DIFFUSE
+ GL_SPECULAR
* GL_POSITION

+ GL_SPOT_DIRECTION
« GL_SPOT_EXPONENT
+ GL_SPOT_CUTOFF

* GL_CONSTANT_ATTENUATION

* GL_LINEAR_ATTENUATION
* GL_QUADRATIC_ATTENUATION

* glEnable( GL_LIGHTO)

Lecture
9
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OpenGL Programming

» Shading Models

« glShadeModel( mode )
* Mode
« GL_FLAT
* GL_SMOOTH (Gouraud)

Lecture
9
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Lecture

OpenGL Programming 9

» Material Properties

* glMaterial( face, param, value )
« Face
* GL_FRONT
+ GL_BACK
« GL_FRONT_AND_BACK
* Parameters
+ GL_AMBIENT
* GL_DIFFUSE
+ GL_AMBIENT_AND_DIFFUSE
*« GL_SPECULAR
* GL_SHININESS
+ GL_EMISSION

See Chapter 5 for other techniques to minimize performance
costs associated with changing material properties
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Lecture

OpenGL Programming g

Vertex Col or = (Emissi on)maeria +

(Ambient)ignt* (Ambientnaeia +

num Iigh'(s‘I A
& 1 &—1 O« (spotlight effect)*
=1 1 ekc+kid + ked a

[ (Ambient)ign* (Ambient)eia+
(L - N)* (Diffuse)iigh* (Diffuse)maeia +

(H - N)S"messc (Specular)igne® (Specl al’)maerial]i}
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Lect
OpenGL Code R

GLfl oat diffusevaterial[4] = { 0.5, 0.5, 0.5, 1.0 };

/* Initialize values for material property, light source,
* lighting nodel, and depth buffer. */
void myinit(void)
{
1.0, 1 ;
1

GLfl oat mat_specular[] = { .0}
= .0, 0.0 };

1.0, 1.0,
GLfloat 1ight_position[] { 1.0, 1.0,
gl Material fv(GL_FRONT, GL_DI FFUSE, diffuseMaterial);
gl Material fv(GL_FRONT, GL_SPECULAR, mat_specul ar);
gl Material f(GL_FRONT, GL_SHI NI NESS, 25.0);

gl Li ghtfv(G._LI GHTO, GL_POSITION, |ight_position);

gl Enabl e( GL_LI GHTI NG) ;
gl Enabl e( GL_LI GHTO) ;

gl Dept hFunc( GL_LESS) ;

gl Enabl e( G._DEPTH_TEST) ;

gl Col or Materi al (GL_FRONT, GL_DI FFUSE) ;
gl Enabl e( GL_COLOR_MATERI AL) ;
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Lect
OpenGL Code ey

voi d changeRedDi f f use (AUX_EVENTREC *event)

di ffuseMaterial [0] += 0.1;

if (diffusematerial[0] > 1.0)
di ffuseMaterial [0] = 0.0;

gl Col or4f v(diffuseMaterial);

}
voi d changeGreenDiffuse (AUX_EVENTREC *event)

di ffuseMaterial [1] += 0.1,

if (diffusematerial[1l] > 1.0)
di ffuseMaterial[1] = 0.0;

gl Col or4f v(diffuseMaterial);

voi d changeBl uebDi f fuse (AUX_EVENTREC *event)
{
di ffuseMaterial [2] += 0.1,
if (diffusematerial[2] > 1.0)
di ffuseMaterial[2] = 0.0;
gl Col or4fv(diffuseMaterial);
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