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s { Fall 2005 (Le
ture 14)Illumination I: The Phong Illumination Model

Components of Phong illumination or re
e
tion model using RGB model:OpenGL allows us to break this light's emitted intensity into 3 
omponents: ambient La,di�use Ld, and spe
ular Ls. Ea
h type of light 
omponent 
onsists of 3 
olor 
omponents,so, for example, Lrd denotes the intensity of the red 
omponent of di�use illumination.Question: What is the amount of light that is transmitted (either by emission or re
e
tion)from ea
h point in the dire
tion of the viewer.Solution: This is a
hieved by �rst asso
iating re
e
tivity or material properties to all themodelled obje
ts in the s
ene, and then applying a Phong re
e
tion 
al
ulation to determinethe transmitted light intensity.The Re
e
ted Light Luminan
e/Intensity fun
tion shall be 
aptured by:I = (Ir; Ig; Ib)for ea
h of Light's 
omponents. For example,The University of Texas at Austin 1
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s { Fall 2005 (Le
ture 14)� ambient emission Ia = 0�IarIagIab1AAn obje
t's material properties determines how mu
h of a given input Light intensity isre
e
ted. Under the Phong model, material properties are 
aptured by re
e
tivity 
oeÆ
ientve
tors K = (kr; kg; kb) for ambient, di�use and spe
ular. Thus kdr is the fra
tion of reddi�use light that is re
e
ted from an obje
t. If kr = 0, then no red light is re
e
ted.The 
omputation of re
e
ted luminan
e/intensity fun
tion using Phong illumination, for ea
hobje
t and light sour
e, shall be governed by the following four light/material intera
tions.� Emission intensity: to model obje
ts that glow� Ambient re
e
tion: A simple way to model indire
t re
e
tion. All surfa
es in all positionsand orientations are illuminated equally.� Di�use re
e
tion: The di�use shading produ
ed by dull, smooth obje
ts.� Spe
ular re
e
tion: The bright spots appearing on smooth shiny (e.g., metalli
 orpolished) surfa
es.
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ture 14)Relevant Ve
tors for Phong Shading
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The shading of a point on a surfa
e is a fun
tion of the relationship between the viewer, lightsour
es, and surfa
e. The following ve
tors are relevant to dire
t illumination. All ve
torsare assumed to be normalized to unit length.� Normal ve
tor: A ve
tor ~n that is perpendi
ular to the surfa
e and dire
ted outwardsfrom the surfa
e.� View ve
tor: A ve
tor ~v that points in the dire
tion of the viewer.� Light ve
tor: A ve
tor ~l that points towards the light sour
e.� Re
e
tion ve
tor: A ve
tor ~r that indi
ates the dire
tion of pure re
e
tion of the lightve
tor.The University of Texas at Austin 3
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ture 14)Normals Computation

Given any three non-
ollinear points, P0, P1, P2, on a polygon, a normal of the polygon isgiven through a 
ross produ
t~n = (P1 � P0)� (P2 � P0):
P
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Normals by 
ross produ
t.For a polygon is given by n points P0, P1, . . . , Pn�1. If we 
an determine a plane equation(via least-squares �t): ax + by + 
z + d = 0from these n points, then normalizing (a; b; 
) is the unit normal ve
tor ~n of the polygon.The University of Texas at Austin 4
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ture 14)Normals for Impli
itly De�ned Surfa
es

Given a surfa
e de�ned by an impli
it representation, i.e., de�ned by some equationf(x; y; z) = 0then the normal at some point is given by gradient ve
tor
~n = 0��f=�x�f=�y�f=�z1A
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s { Fall 2005 (Le
ture 14)Normals for Parametri
 Surfa
es

Surfa
es in 
omputer graphi
s are most often represented parametri
ally. The parametri
representation of a surfa
e is de�ned by three fun
tions of 2 variables or parameters:x = �x(u; v);y = �y(u; v);z = �z(u; v):Then the normal of the surfa
e at a point is de�ned as the~n = ���u � ���vwhere ���u = 0���x=�u��y=�u��z=�u1A ���v = 0���x=�v��y=�v��z=�v1AThe University of Texas at Austin 6
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e
tion Ve
tor
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~n0 = (~n �~l)~n~u = ~n0 �~l~r = ~l + 2~u = ~l+ 2(~n0 �~l) = 2(~n �~l)~n�~l
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ture 14)The Refra
tion Ve
tor
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If �l and �t are the refra
tive indi
es of the materials on the two sides of the surfa
e, thenSnell's law states that �lSin(�l) = �tSin(�t)The University of Texas at Austin 8
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Using this and the fa
t that ~l, ~n, and ~t are assumed 
oplanar, we 
an 
al
ulate the unittransmitted light ve
tor ~t, as follows. let � = �t�l , we haveCos(�t) = ((1 � 1�2(1� Cos2(�l)))12and t = �1�~l� (Cos(�t)� 1�Cos(�l))~n
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ture 14)Ambient Light Re
e
tion

Ambient light is simplest to deal with. Let Ia denote the intensity of ambient light. For ea
hsurfa
e, let 0 � ka � 1denote the surfa
e's 
oeÆ
ient of ambient re
e
tion, that is, the fra
tion of the ambientlight that is re
e
ted from the surfa
e. The ambient 
omponent of illumination isIa = kaLaNote that this is a ve
tor equation (whose 
omponents are RGB).
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ture 14)Di�use Re
e
tion

Di�use re
e
tion arises from the assumption that light from any dire
tion is re
e
teduniformly in all dire
tion. Su
h a re
e
tor is 
alled a pure Lambertian re
e
tor.
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The key parameter of surfa
e that 
ontrols di�use re
e
tion is kd, the surfa
e's 
oeÆ
ientof di�use re
e
tion. Let Id denote the di�use re
e
tion 
omponent of the light sour
e.Assume ~l and ~n are normalized, then 
os � = (~n �~l). If (~n �~l) < 0, then the point is onthe dark side of the obje
t.The di�use 
omponent to illumination isId = kdmax(0; ~n �~l)Ld
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ular Re
e
tion I

Most obje
ts are not perfe
t Lambertian re
e
tor. One of the most 
ommon deviation is forsmooth metalli
 or highly polished obje
ts. They tend to have spe
ular highlights (or \shinyspots").The parameters of surfa
e that 
ontrol spe
ular re
e
tion under Phong model, are ks, thesurfa
e's 
oeÆ
ient of spe
ular re
e
tion, and s, shininess.The formula for the spe
ular 
omponent isIs = ks(~r � ~v)sLs
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ular Re
e
tion II

Another way of 
al
ulating spe
ular re
e
tion under the Phong model, is via the halfwayve
tor (OpenGL).De�ne ~h to be the halfway ve
tor, the normalized ve
tor whi
h is the halfway of ~l and ~v.De�ne ~h = Normalize (~l + ~v).The formula for the spe
ular 
omponent 
an then be written asIs = ks(~n � ~h)sLs
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The total illumination of a point in OpenGL is 
omputed for the supported Light sour
es andis 
al
ulatedI = Ie + Ia + 1a+ bd+ 
d2(Id + Is)= Ie + kaLa + 1a+ bd+ 
d2(kdmax(0; ~n �~l)Ld + ks(~n � ~h)sLs);where d is the distan
e from the obje
t to the light sour
e.The re
e
tion material properties for front/ba
k of ea
h surfa
e is spe
i�ed by OpenGL usingfor example,GL
oat ambient[℄=0.1,0.25,0.0,1.0GL
oat di�use[℄=0.1,0.25,0.0,1.0GL
oat spe
ular[℄=1.0,0.0,1.0,1.0The University of Texas at Austin 15



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
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oat emission[℄=0.0,0.8,0.0,1.0glMaterialfv(GL-front-and-ba
k,GL-spe
ular,spe
ular)glMaterialf(GL-front-and-ba
k,GL-shininess, 100.0)For multiple light sour
es, we add up the ambient, di�use, and spe
ular 
omponents for ea
hlight sour
e.
The University of Texas at Austin 16
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ture 14)Reading Assignment and News

Chapter 6 pages 293 - 303, of Re
ommended Text.Please also tra
k the News se
tion of the Course Web Pages for the most re
entAnnoun
ements related to this 
ourse.(http://www.
s.utexas.edu/users/bajaj/graphi
s25/
s354/)
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