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Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Basi
 De�nitions

Ray Tra
ing/Casting:� Setting: eyepoint, virtual s
reen (an array of virtual pixels, and s
ene are organized in
onvenient 
oordinate frames (e.g., all in view or world frames)� Ray: a half line determined by the eyepoint and a point asso
iated with a 
hosen pixel� Interpretations:{ Ray is the path of photons that su

essfully rea
h the eye(we simulate sele
ted photon transport through the s
ene){ Ray is a sampling probe that gathers 
olor/visibility information

scene

eye

screen
ray
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Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Ray Tra
ing: Re
ursive� Eye-s
reen ray is the primary ray� Ba
kward tra
king of photons that 
ould have arrived along primary� Interse
t with obje
ts� Determine nearest obje
t� Generate se
ondary rays{ to light sour
es{ in re
e
tion-asso
iated dire
tions{ in refra
tion-asso
iated dire
tions� Continue re
ursively for ea
h se
ondary ray� Terminate after suitably many levels� A

umulate suitably averaged information for primary ray� Deposit information in pixelSee raytra
e psuedo-
ode do
ument http://www.
s.utexas.edu/users/bajaj/graphi
s24/
s354/raytra
e.pdf
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Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Ray Casting: Nonre
ursive� As above for ray tra
ing, but stop before generating se
ondary rays� Apply illumination model at nearest obje
t interse
tion with no regard to light o

lusion� Ray be
omes a sampling probe that just gathers information on{ visibility{ 
olor
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Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Interse
tion Computations

General Issues:� Ray: express in parametri
 form E + t(P � E)where E is the eyepoint and P is the pixel point� S
ene Obje
t: dire
t impli
it form{ express as f(Q) = 0 when Q is a surfa
e point, where f is a given formula{ interse
tion 
omputation is an equation to solve:�nd t su
h that f(E + t(P � E)) = 0� S
ene Obje
t: pro
edural impli
it form{ f is not a given formula{ f is only de�ned pro
edurally{ A(f(E + t(P � E)) = 0) yields t, where A is a root �nding method (se
ant,Newton, bise
tion, et
.)The University of Texas at Austin 5



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Quadri
 Surfa
es:� Surfa
e given byAx2 +Bxy + Cxy +Dy2 + Eyz + Fz2 +Gx +Hy + Jz +K = 0� Ray given by x = xE + t(xP � xE)y = yE + t(yP � yE)z = zE + t(zP � zE)� Substitute ray x; y; z into surfa
e formula{ quadrati
 equation results for t{ organize expression terms for numeri
al a

ura
y; i.e., to avoid� 
an
ellation� 
ombinations of numbers with widely di�erent magnitudes

The University of Texas at Austin 6



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Polygons:� The plane of the polygon should be knownAx+By + Cz +D = 0{ (A;B;C; 0) is the normal ve
tor{ pi
k three su

essive verti
esvi�1 = (xi�1; yi�1; zi�1)vi = (xi; yi; zi)vi+1 = (xi+1; yi+1; zi+1){ should subtend a \reasonable" angle (bounded away from 0 or 180 degrees){ normal ve
tor is the 
ross produ
t vi�1 � vi � vi+1 � vi{ D = �(Ax+By + Cz) for any vertex (x; y; z; 1) of the polygon� Substitute ray x; y; z into surfa
e formula{ linear equation results for t� Solution provides planar point (x; y; z)The University of Texas at Austin 7



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16){ is this inside or outside the polygon?
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Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Planar Coordinates:� Take origin point and two independent ve
tors on the planeO = (xO; yO; zO; 1)~b0 = (u0; v0; w0; 0)~b1 = (u1; v1; w1; 0)� Express any point in the plane asP �O = �0~b0 + �1~b1{ interse
tion point is (~�0; ~�1; 1){ 
lipping algorithm against polygon edges in these � 
oordinatesAlternatives: Must this all be done in world 
oordinates?� Alternative: Interse
tions in model spa
e{ form normals and planar 
oordinates in model spa
e and store with modelThe University of Texas at Austin 9



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16){ ba
ktransform the ray into model spa
e using inverse modeling transformations{ perform the interse
tion and illumination 
al
ulations� Alternative: Interse
tions in world spa
e{ form normals and planar 
oordinates in model spa
e and store{ forward transform using modeling transformations
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Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Ray-Polyhedron Interse
tion

(This algorithm is a variation/extension of the Liang-Barsky line segment 
lipping algorithm)The 
onvex polyhedron is de�ned as the interse
tion of a 
olle
tion of halfspa
es in 3-spa
e.Represent the ray parametri
ally as P (t) = P + t~u, for s
alar t > 0, point P and a unitve
tor ~(u). Let H1, H2, . . . , Hk denote the halfspa
es de�ning the polyhedron. Computethe interse
tion of the ray with ea
h halfspa
e in turn. The �nal result will be the interse
tionof the ray with the entire polyhedron.An important property of 
onvex bodies (of any variety) is that a line interse
ts a 
onvex bodyin at most one line segment. Thus the resulting interse
tion of the ray with the polyhedron
an be spe
i�ed entirely by an interval of s
alars [t0; t1℄. The parametri
 representation ofthe interse
tion is de�ned by the line segment Initially, let this interval be [0;1℄.(For a line-segment interse
tion with a polyhedron, the only 
hange is that an initial value oft1 is set as the endpoint of the segment rather than1).Suppose we have already performed the interse
tion with some number of the halfspa
es.It might be that the interse
tion is already empty. This will be re
e
ted by the fa
t thatThe University of Texas at Austin 11



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)t0 > t1. When this is so, we may terminate the algorithm at any time. Otherwise, leth = (a; b; 
; d) be the 
oeÆ
ients of the 
urrent halfspa
e.We want to know the value of t (if any) at whi
h the ray interse
ts the plane. Plugging inthe representation of the ray into the halfspa
e inequality we havea(px + t~ux) + b(py + ~uy) + 
(pz + t~uz) + d � 0;whi
h after some manipulations ist(a~ux + b~uy + 
~uz) � �(apx + bpy + 
pz + d)If P and ~u are given in homogeneous 
oordinates, this 
an be written ast(H � ~u) � �(H � P )This is not really a legitimate geometri
 expression (sin
e dot produ
t should only be appliedbetween ve
tors). A
tually the halfspa
e H should be thought of as a spe
ial geometri
obje
t, a sort of generalized normal ve
tor. For example, when transformations are applied,normal ve
tors should be multiplied by the inverse transpose matrix to maintain orthogonality.The University of Texas at Austin 12



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)We 
onsider three 
ases.(H � ~u) > 0: in this 
ase we have the 
onstraintt � �(H � P )(H � ~u) :

Let t� denote the right-hand side of this inequality. We trim the high-end of the interse
tioninterval to [t0;min(t1; t�)℄.(H � ~u) < 0 in this 
ase we have t � �(H � P )(H � ~u) :

Let t� denote the right hand side of the inequality. In this 
ase, we trim the low-end of theinterse
tion interval to [t0;min(t1; t�)℄.(H � ~u) = 0: In this 
ase the ray is parallel to the plane, either entirely above or belowor on. We 
he
k the origin. If (H � P ) <= 0 then the origin lies in (or on the boundaryThe University of Texas at Austin 13



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)of) the halfspa
e, and so we leave the 
urrent interval un
hanged. Otherwise, the origin liesoutside the halfspa
e, and the interse
tion is empty. To model this we 
an set t1 to anynegative value, e.g., �1.After we repeat this on ea
h fa
e of the polyhedron, we have the following possibilities:t1 < t0: In this 
ase the ray does not interse
t the polyhedron.0 = t0 = t1: In this 
ase, the origin is within the polyhedron. If t1 = 1, then thepolyhedron must be ungrounded (e.g. like a 
one) and there is no interse
tion. Otherwise,the �rst interse
tion point is the point P + t1~u.0 < t0 � t1: In this 
ase, the origin is outside the polyhedron, and the �rst interse
tion isat P + t0~u.
The University of Texas at Austin 14



Department of Computer S
ien
es Graphi
s { Fall 2005 (Le
ture 16)Reading Assignment and News

Chapter 12 pages 625 - 638, 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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