
Department of Computer Sienes Graphis { Fall 2005 (Leture 14)Illumination I: The Phong Illumination Model

Components of Phong illumination or reetion model using RGB model:OpenGL allows us to break this light's emitted intensity into 3 omponents: ambient La,di�use Ld, and speular Ls. Eah 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 reetion)from eah point in the diretion of the viewer.Solution: This is ahieved by �rst assoiating reetivity or material properties to all themodelled objets in the sene, and then applying a Phong reetion alulation to determinethe transmitted light intensity.The Reeted Light Luminane/Intensity funtion shall be aptured by:I = (Ir; Ig; Ib)for eah of Light's omponents. For example,The University of Texas at Austin 1



Department of Computer Sienes Graphis { Fall 2005 (Leture 14)� ambient emission Ia = 0�IarIagIab1AAn objet's material properties determines how muh of a given input Light intensity isreeted. Under the Phong model, material properties are aptured by reetivity oeÆientvetors K = (kr; kg; kb) for ambient, di�use and speular. Thus kdr is the fration of reddi�use light that is reeted from an objet. If kr = 0, then no red light is reeted.The omputation of reeted luminane/intensity funtion using Phong illumination, for eahobjet and light soure, shall be governed by the following four light/material interations.� Emission intensity: to model objets that glow� Ambient reetion: A simple way to model indiret reetion. All surfaes in all positionsand orientations are illuminated equally.� Di�use reetion: The di�use shading produed by dull, smooth objets.� Speular reetion: The bright spots appearing on smooth shiny (e.g., metalli orpolished) surfaes.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 14)Relevant Vetors for Phong Shading
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The shading of a point on a surfae is a funtion of the relationship between the viewer, lightsoures, and surfae. The following vetors are relevant to diret illumination. All vetorsare assumed to be normalized to unit length.� Normal vetor: A vetor ~n that is perpendiular to the surfae and direted outwardsfrom the surfae.� View vetor: A vetor ~v that points in the diretion of the viewer.� Light vetor: A vetor ~l that points towards the light soure.� Reetion vetor: A vetor ~r that indiates the diretion of pure reetion of the lightvetor.The University of Texas at Austin 3
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Given any three non-ollinear points, P0, P1, P2, on a polygon, a normal of the polygon isgiven through a ross produt~n = (P1 � P0)� (P2 � P0):
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Normals by ross produt.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 vetor ~n of the polygon.The University of Texas at Austin 4



Department of Computer Sienes Graphis { Fall 2005 (Leture 14)Normals for Impliitly De�ned Surfaes

Given a surfae de�ned by an impliit representation, i.e., de�ned by some equationf(x; y; z) = 0then the normal at some point is given by gradient vetor
~n = 0��f=�x�f=�y�f=�z1A
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Department of Computer Sienes Graphis { Fall 2005 (Leture 14)Normals for Parametri Surfaes

Surfaes in omputer graphis are most often represented parametrially. The parametrirepresentation of a surfae is de�ned by three funtions of 2 variables or parameters:x = �x(u; v);y = �y(u; v);z = �z(u; v):Then the normal of the surfae 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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~n0 = (~n �~l)~n~u = ~n0 �~l~r = ~l + 2~u = ~l+ 2(~n0 �~l) = 2(~n �~l)~n�~l
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If �l and �t are the refrative indies of the materials on the two sides of the surfae, thenSnell's law states that �lSin(�l) = �tSin(�t)The University of Texas at Austin 8
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Using this and the fat that ~l, ~n, and ~t are assumed oplanar, we an alulate the unittransmitted light vetor ~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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Ambient light is simplest to deal with. Let Ia denote the intensity of ambient light. For eahsurfae, let 0 � ka � 1denote the surfae's oeÆient of ambient reetion, that is, the fration of the ambientlight that is reeted from the surfae. The ambient omponent of illumination isIa = kaLaNote that this is a vetor equation (whose omponents are RGB).
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Di�use reetion arises from the assumption that light from any diretion is reeteduniformly in all diretion. Suh a reetor is alled a pure Lambertian reetor.
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The key parameter of surfae that ontrols di�use reetion is kd, the surfae's oeÆientof di�use reetion. Let Id denote the di�use reetion omponent of the light soure.Assume ~l and ~n are normalized, then os � = (~n �~l). If (~n �~l) < 0, then the point is onthe dark side of the objet.The di�use omponent to illumination isId = kdmax(0; ~n �~l)Ld
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Most objets are not perfet Lambertian reetor. One of the most ommon deviation is forsmooth metalli or highly polished objets. They tend to have speular highlights (or \shinyspots").The parameters of surfae that ontrol speular reetion under Phong model, are ks, thesurfae's oeÆient of speular reetion, and s, shininess.The formula for the speular omponent isIs = ks(~r � ~v)sLs
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Department of Computer Sienes Graphis { Fall 2005 (Leture 14)Speular Reetion II

Another way of alulating speular reetion under the Phong model, is via the halfwayvetor (OpenGL).De�ne ~h to be the halfway vetor, the normalized vetor whih is the halfway of ~l and ~v.De�ne ~h = Normalize (~l + ~v).The formula for the speular omponent an then be written asIs = ks(~n � ~h)sLs
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Department of Computer Sienes Graphis { Fall 2005 (Leture 14)The Phong Model Illumination Equation

The total illumination of a point in OpenGL is omputed for the supported Light soures andis alulatedI = 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 distane from the objet to the light soure.The reetion material properties for front/bak of eah surfae is spei�ed by OpenGL usingfor example,GLoat ambient[℄=0.1,0.25,0.0,1.0GLoat di�use[℄=0.1,0.25,0.0,1.0GLoat speular[℄=1.0,0.0,1.0,1.0The University of Texas at Austin 15



Department of Computer Sienes Graphis { Fall 2005 (Leture 14)GLoat emission[℄=0.0,0.8,0.0,1.0glMaterialfv(GL-front-and-bak,GL-speular,speular)glMaterialf(GL-front-and-bak,GL-shininess, 100.0)For multiple light soures, we add up the ambient, di�use, and speular omponents for eahlight soure.
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Chapter 6 pages 293 - 303, of Reommended Text.Please also trak the News setion of the Course Web Pages for the most reentAnnounements related to this ourse.(http://www.s.utexas.edu/users/bajaj/graphis25/s354/)
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