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Camera




Camera Model

® Pinhole lens-free camera

® Has Position, Direction, Orientation

= Pixel resolution, Field of view
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Rays of Light
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Basic Ray-casting

normal

® For each pixel
= Form COP=>Pixel Ray(COmpute color: RG%

Find first hit of Ray = )For each object

Find point of intersection between Ray and object
If closest yet, save point, object

={Compute color (Shade Ray) = )If no saved intersection, return null color

Otherwise, shade (as per saved object) =
For each light:
Form “light/shadow” ray: point=>light
If first intersection == light
Shade object and accumulate color



Ray-cast picture

Without Shadow With Shadow



Recursive Ray Tracing
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Recursive Ray Tracing

Color RayTrace(Ray &ray, int depth)
{

Point IntersectionPoint, LightPoint;

it (depth > MAX) return nullColor;

if(! Intersect(&IntersectionPoint, ray) return Background;
shadowRay = FormRay(IntersectionPoint, Light);

it lIntersectAtLight(shadowRay, Light) ljocal = O

else liocal = kala + 15(kg(n.1) + ks(h.n)™) // Approximate direct lighting at intersection
point

return liocal + k/*RayTrace(Reflect(ray), depth+1) + ki*RayTrace(Refract(ray), depth+1);
}



Per Ray vs Per object Rendering

® For each pixel

= Form COP => Pixel Ray
= Find first intersection of Ray with any object
= Shade Ray

For each point on the object

Find pixel where it projects

Assign point’s color to pixel /



Ray Tracing Arithmetic

® Represent Ray: P(t) =0 + td
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d unit vector
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The direction of reflected ray

|deal reflection
3 r Use |i.n| (two-sided lighting) or min(0, i.n)
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-i+r=-2(i.n)n

r=i-2(i.n)n n

) I
There are two surface normals
q [ Usually only one is specified
.
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Refraction

Snell’'s Law:
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Total Internal Reflection

t=y._ i- (nHi n.i+\/ 1 =52, (1 — (n.i)2)> n

Negative root => Total internal reflection ?—/

[t=i-2(i.n)n ]
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Shoot light ray also to the opposite side of normal (behind)

Translucent object =>

For translucent “shadow” caster transmits (refracted) ray



Make Eye Ray
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Field of V|ew>
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Camera:
> Position (eye) YT
> Direction (ref) Oo—>
> Head orientation (up) < X = normalize (up X (eye-ref))
. FOVx, FOVy 17

oV 21 Jov 2j
i,] = ref+tanf = ,l —1 )x + tan —= .] —-1)y
2 \ width 2 \ height



Make Ray @Intersection

® Offset ray origin r erroneously

. . Intersects the

® Or, offset t of intersection same surface
E / o

recision
In computing
Intersection



Algebraic Intersection

® Point satisfies
=o0+t¢d
=»f(xyz)=0
=f(o,+td,,0,+td,0,+¢d,)=0

® Example
=(0,0,5)+t(0,0,1)
=»x2+y2+ 72 =1
»0+0+(5+¢)2=1,i.e,t=%x1-5=-4&-6
= (0,0,5)-4(0,0,1)=(0,0,1)



