Shading



Shading

 realistic computer graphics
— gradation of colors

— what is heeded ?

e light :
e matter (= material) :
e optics ( ) or physics




6.1 Light and Matter



Light and M atter

o Light representation in computer graphics
— based on three color theory : Red, Green, Blue
o Matter

— material properties determine which wavelengths are
absorbed or reflected to some extent

In réal world In computer graphics



Rendering Equation

 J T.Kaiya, “The Rendering Equation”,
S GGRAPH ' 86, pp.143-150, (1986).

— computer graphics rendering
— optics approximation

e rendering eguation
- Illumination model

light source, matter,

_

rendering equation

\‘ pixel




| llumination M odel

= shading model, lighting model

— amethod to calculate
the intensity of light
at a given point on the surface of an object

o Light-Material interactions

— material
(a) (b) (c)

specular surface diffuse surface transucent surface



6.2 Light Sources



Light Sources

e light
— self-emission : ( )
— reflection :

 light source ( )

e [llumination function

(X, ¥,z q,f, 1)
— point (x, Y, 2)

Q1) |




Light Sources

 additive behavior of light
— . Integral of all lights
—color: R, G, B
el.u él(xyzq,f, I)u
| —§|gu S, (xy.20.f 1)
el By za.f, I)H
o four typesof light sources
— ambient lighting
— point light source
— spotlight
— distant light




Ambient Light

« uniform lighting (typically in the room)

— the combination of light reflections
from various surfaces

- light

— ambient light ,

e ambient illumination ; ascalar value |

\\il/
— B —



Point Light Sources

 ideal point light source

—  Po

— emitslight equally in all directions
 light received from the point light source

1(P,Pg) =—— 1 (Py)

‘p' po‘2

\"w
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Point Light Sources

e point light sourcein real world

— Ideal point light source
 not point, but arealight source

/ umbra: (
/ penumbra :

)
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Spotlights

e COne emit
_ ps : apex ( )

<. light direction

— g:angle

e morereaistic case

e point light source : g =180°

A

Intensity

L cost f
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Distant Light Sour ces

o =paralld light source

— 1n homogeneous coordinate,

éxu éxu

é u é u

_ &Yy _a&vg
pO T oA >pO — A s
ezu ezu

e u e.u

u u

point light source parallel light source
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6.3 The Phong Reflection M odé€l



Phong Reflection M odel

e Bui-T. Phong, “lllumination for Computer Generated Pictures’,
Comm. ACM, 18(6):311-317, (1975).

e |ocd illumination model

normal vector
light direction view direction

— ambient term |
— diffuse term
— specular term

reflection
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Phong Reflection M odel

e reflection on the surface
— ambient 1llumination

 indirect reflection
approximate

— diffuse illumination

— specular illumination

AND Yol

Ja
NS
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Ambient Reflection

e ambient reflection |
— ?

« asurface that is not exposed directly to alight
source still will be visible if nearly objects are

Illuminated
- L,: ambient light
-k ambient reflection coefficient
O£k, £1 N
2 —, d

R
Ia:kaLa
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Diffuse Reflection

— Lambertian surface:
* 1g= KglLgqcosg =Kyl xn)L,

— Ky : diffuse reflection coefficient
— L4 intensity of light source

— n : unit normal vector of surface e
— | - unit light direction vector
o attenuation form : (d)
— a, b, c: constants
d
— kd

)L .
¢ = arbdrodr Wk @
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Specular Reflection

. highlight
— . perfect specular reflection
e | .= k,cosrf L= K(r xv)2L
— K, : specular reflection coefficient
— L, intensity of light source highlight
— r: unit reflection vector
— V. unit view direction vector
— a . shineness coefficient

o attenuation form : (d)
— a, b, c: constants

k
| = S r xv)2 L
> a+bd+cd2( )L
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Phong Reflection M odel

e Phong
— ambient, diffuse, specular term
=1, +1,+]_
Skl ()L, + ks (r xv)? L,

% a+bd+cd? a+bd +cd?
1

- a+bd +cd? (kd L, (I>n) + KL (r xv)* )+ KaLa
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6.4 Computation of Vectors



Normal Vector

* Phong shading model

e n: surface normal vector

— polygona model P2 = (%2, Y2, 2)
Polyg &
n=(p,- Po) (P1- Po) = &by
surface equation &cH

ax+by+cz+d =0
Py = (X Y1, Z)

Po = (X0 Yor Zp)
22



Normal Vector

e Implicit equation :
— I unit sphere

f(Xy,2)=x*+y*+2z°-1=0

normal vector

p=(XY,2)
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Normal Vector

e parametric equation :

X(u,Vv) =cosusinv
y(u,Vv) = cosucosv
z(u,v) =sinu

normal vector

éx(u,v)g
p(u,v) = gy(u,v)g
gz(u,v){
éfxu  eTxu
éq,. U €, U
~qu - v -
o _glyg o _glyy
fu éfua 1TIv éfva
efzg el
&ut &vH
_Tp. p

n=— ——

fu 9v
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Normal Vector

e in OpenGL
— void gINormal 3f(float x, float y, float z);
— void gINormal 3fv(float v[3]);
e usethe normal vector for a vertex

e example normal vector: (0, 1, 1)

glBegin(GL_QUADYS);
glColor3f(1.0, 1.0, 1.0);
glNormal 3f(0.0, 1.0, 1.0); color: white

O
glVertex3f(1.0, 1.0, 1.0); position: (1, 1, 1)

glEnd(GL_QUADYS);
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Reflection Vector

e light direction I:

* reflection vector r:

e |I.n,r normalize
I =|n|=|r[=1
q; =q, P cosg; =cosq,
cosq, =l =cosqg, =nx
letr =al+bn
nx =alxn+b =
rx =a’+2ablxn+b*
r=2(Ix)n- |
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Halfway Vector

J. Blinn, “Models of Light Reflection For Computer Synthesized
Pictures’, SGGRAPH' 77, 192-198, (1977).

specualr reflection : | = k,cos*f L, = k(r xv)aL,
halfway vector h :

_ | +v
I +v]

h

r xv = cosf =coszy
N> =cosy < cosf

(r xv)2 » (n xh)a¢ ,ac

— approximation ,
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Transmitted Light

. (refraction)

e Sndl’slaw:
sng, _h, _
sing, h,

— h,, h, > Iindex of refraction (

Ccosq, :\/1- hiz(l— cos’q,)

t=an+bl

t = iI a%o ico Qn
h g Sqt h S‘qlz
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6.5 Polygonal Shading



Polygon Shading

polygonal mesh

polygonal object

...."““m.w“"“"““..
g
&

shading

e polygonal object

— flat shading

— Gouraud shading
— Phong shading
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Flat Shading

e = constant shading
— 1: flat polygon  n = constant
— 2. distant viewer v = constant
— 3. distant light | = constant, r = constant

— , polygon
shading

% ;1 .

NF




Flat Shading

« shading Phong model
| = a+bd1+ — (k, Ly (157) +k Lo (r ) )+ K, L,
e in OpenGL
glShadeModel (GL_FLAT);
. : Mach band effect
— polygon

Perceived intensity_
‘ iﬁjuctu.ill intensity
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Gouraud Shading

e = interpolative shading
* Mach band effect

— vertex normal
face normal

— face vertex
shading
bi-linear interpolation

\

R (.
/

B n,+n,+n,+n,|

bi-linear interpolation
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Gouraud Shading

e in OpenGL
glShadeModel (GL_SMOOTH);

— vertex normal
data structure

— , linked list

Vertices

01 I I o S o S Y

Polygons
| |




Phong Shading

e (Gouraud shading

— vertex shading Interpolate
— highlight

* Phong shading : normal vector interpolate
— shading pixel

bi-linear interpolation
N

\Y

normal vector
Na Ng Phong model
pixel
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Rendering Options

. graphics package
— quality vs. speed  trade-off

e wireframe edge

o flat-shading face

e (Gouraud shading

e Phong shading

e mixed shading
— non-specular object : Gouraud shading
— specular object : Phong shading

36



Wire-frame

37



Ambient |llumination Only
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Flat-Shading
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Gouraud Shading

40



Phong Shading

41



6.6 Approximation of a Sphere



Unit Sphere

 Iimplicit equation P polygonal approximation
fx,y,2) =x2+y°+7-1=0
e recursion
— . tetrahedron
— face subdivision

A,
AT PN
- | L

(a) (b)




Unit Sphere

e pseudo code

void triangle(vertex a, vertex b, vertex c, int level) {
if (level >=limit) {
draw_triangle(a, b, ©);
return;
}
vertex ab = normalize( (a+b)/ 2);
vertex bc = normalize( (b +c)/2);
vertex ac = normalize( (a+c)/ 2);
triangle(a, ab, ac);
triangle(ab, b, bc);
triangle(c, ac, bo);
triangle(ab, bc, ac);

bc



6.7 Light Sourcesin OpenGL



Light Sourcesin OpenGL

 Phong shading model
| =1, +1,+1,

k k
=k L + d )L, + S r xv)? L
272 a+bd +cd? = a+bd+cd2( )" L

1
= k. L,(In)+k.L.(r>=)?®)+k,L
a+bd+cd2(d d( ) ss(r )) a—a

o atleast 8light sources
— GL_LIGHTO, ..., GL_LIGHT7
glEnable(GL_LIGHTING); // light source
glEnable(GL_LIGHTO); /[ light source #0 on
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Light Sourcesin OpenGL

 light source
void glLightf(GLenum light, GLenum name, GLfloat value);
void glLightfv(GLenum light, GLenum name, GLfloat* values);

 light source position (or direction)
gliLightfv(GL_LIGHTO, GL_POSITION, lightO_pos);

— point light source, spotlight : position
GLfloat light0 pog | ={ 1.0, 2.0, 3.0, 1.0 };

— distant light source : direction vector
GLfloat light0_pog ] ={ 1.0, 2.0, 3.0, 0.0 };

= d1+c (k. Ld@wwksLs(r W) )+, L,
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Light Sourcesin OpenGL

« the amount of ambient, diffuse, specular light
GLfloat ambient O ] ={1.0, 0.0, 0.0, 1.0}; // RGBA rep.
glLightfv(GL_LIGHTO, GL_AMBIENT, ambient_0);
glLightfv(GL_LIGHTO, GL_DIFFUSE, diffuse 0);
glLightfv(GL_LIGHTO, GL_SPECULAR, specular_0);

o global ambient light (if necessary)
glLightModelfv(GL_LIGHT_MODEL_AMBIENT, global_ambient);

_ 1 a
= (kd@(l m)+k@(r ) )+ka©
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Light Sourcesin OpenGL

» distance attenuation model
glLightf(GL_LIGHTO, GL_CONSTANT _ATTENUATION, a);
glLightf(GL_LIGHTO, GL_LINEAR_ATTENUATION, b);
glLightf(GL_LIGHTO, GL_ QUADRATIC_ATTENUATION, ¢);

Kijii

kd I—d (I >ﬂ) + ksLs(r ><V)a )+ kaLa
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Light Sourcesin OpenGL

e gpot light
glLightf(GL_LIGHTO, GL_SPOT_CUTOFF, 30.0F);
glLightf(GL_LIGHTO, GL_SPOT_EXPONENT, e);
glLightfv(GL_LIGHTO, GL_SPOT_DIRECTOIN, vector);

P.‘. Intensity
4 f q
| COs* Q
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Light Sourcesin OpenGL

e Vviewer location

— default: infinite position ( COP )
— COP
. , Shading Y

glLightModdi(GL_LIGHT _MODEL_LOCAL_VIEWER, GL_TRUE);

= 1 2(ded(|>qn)+kSLs(r>@a)+kaLa
e two-side shading

~a+bd+cd
— back face shading

glLightModeli(GL_LIGHT _MODEL_TWO_SIDED, GL_TRUE);
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6.8 Specification of Materialsin
OpenGL



Materialsin OpenGL

e material functions
void glMateriaf(GLenum face, GLenum name, GLfloat value);

— face
— face = GL_FRONT, GL_BACK, GL_FRONT _AND_BACK

GLfloat ambient][ ] ={0.2,0.2, 0.2, 1.0}
glMaterialfv(GL_FRONT_AND BACK, GL_AMBIENT, ambient);
glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuse);
glMaterialfv(GL_BACK, GL_SPECULAR, specular);

_ 1 a
= (@Ld(l m)+@Ls(r ) )+©La
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Materialsin OpenGL
e shininess
glMateriaf(GL_BACK, GL_SHINESS, 100.0);

= (kL (on)+k L w®+ KL

~ a+bd +cd?

e salf-emission
— surface

GLfloat emission[ ] ={0.0, 0.3, 0.3, 1.0};
glMateriaf(GL_FRONT_AND BACK, GL_EMISSION, emission);

1 o
| = kK. L, (Ixn)+k.L_(r>x)®)+k. L. #emission
a+bd+Cd2(d d( ) ss( )) aa




Materialsin OpenGL

e color tracking

— set the materials parameters by tracking the colors set
by glColor*( )

glEnable(GL_COLOR_MATERIAL);

glColorMaterial(GL_FRONT, GL_AMBIENT_AND_DIFFUSE);

glColor4fv(color);

glMateriafv(GL_FRONT, GL_AMBIENT, color);
glMaterialfv(GL_FRONT, GL_DIFFUSE, color);
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6.9 Shading of the Sphere M odel



Unit Sphere Shading

e 2 shading model

— flat shading
glShadeModel (GL_FLAT);

— Gouraud shading
gl ShadeModel (GL_SMOOTH);

— sphere.c
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6.10 Global Rendering



L ocal and Global Illumination

 |ocal illumination : Phong shading model

—000 -000
—Q 00 0009
global illtj:r}lination local iII(z]mination

e global illumination
— Ray Tracing : specular, ,
— Radiosity : diffuse

59



Ray Tracing

backward ray tracing

forward ray tracing :

b

b
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Ray Tracing

(1989).

. Academic Press,

A. Glassner, An Introduction to Ray Tracing

refraction & reflection

mirror effect

shadow rays
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Ray Tracing

e SCreen pixel ray
— construct abinary ray-tracing tree
« |eft branch : reflected ray path
e right branch : transmitted ray path
e limit depth
— tree , pixel
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Ray Tracing
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Radiosity

o C.Gordl, et d., “Modelling the Interaction of Light Between Diffuse
Surfaces’, SGGRAPH'’ 84, 212222, (1984).

e Basicidea
— thermal-engineering models for the emission and
reflection of radiation
— conservation of light energy in a closed environment

— energy equilibrium

e

64



Radiosity

o real diffuse effect ?
— surface
— surface

e patch:
— surface

light interaction

patch

—  patch diffuse term

— form factor : pacth 1

modeling

energy
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Radiosity
e form factors

F; =1/ A dcosq; cosq; /(pr“))H;;dA;dA

A Aj
COs(Q. CO
» O =i 5 X dAjHij

Y

N

A

oF

dA
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Radiosity

e energy equilibrium eguation i
BA=EA+ra BjFA

é. B,F, j=1
/ FA=FA

5 _ o]
\riéBjFij \ BI_Ei-l-ria. BJFIJ
]
— radiosity B; : the rate of energy leaving the surface |
— emission E; : the rate of energy emitted from surface |
— reflectivity r : the fraction of the light incident on a surface|

which is reflected back into the environment

— form-fractionF; :  thefraction of energy leaving the surfacei
and landing on surface |
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ity

|0Sl

Rad
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Global Illumination

ray tracing : specular effect
radiosity : diffuse effect
hybrid approach : 2

— video card level
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