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Ray Reflections
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Ray Refraction

Snell's Law
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Ray Refraction

T =723+ N(?,C08(?) -sqr(1 + ?2,,(Cos%(?)))
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Shadows

To get shadows in raytracing, at everyintersection
we shoot a test ray toward each light source.

If the ray gets to the light source then this lightis
used in the lighting calculation.

If the ray hits something then the light source is not
used in the lighting calculation.

The ray direction used to test the light source can be
used in the lighting calculation




« Sample More Rays
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Anti - Aliasing
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« Instead of Vectors use Truncated Cones, Rods, Pyramids

« Stochastic Sampling

« Sample More Rays
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Anti - Aliasing

« Instead of Vectors use y
Truncated Cones, Rods,
Pyramids
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Anti - Aliasing

« Stochastic Sampling
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Anti - Aliasing

Fig. 3. ia) Monkey eyve photoraceptor distribution. |b) Optical transfarm of
monkay aye.
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Temporal Anti - Aliasing
Motion Blur
Sub-pixel samples are stochastically sampled over time and space
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Temporal Anti - Aliasing
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Temporal Anti - Aliasing
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Forward Ray Tracing

This means tracing rays from the light source into the scene.

« This can be very expensive
« But adds effect that can only be found if this is done.

» One of the ways to get water caustics
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Forward Ray Tracing
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MinRay

t ypedef struct{double x,y, z}vec;vec U, bl ack, anb={.02,.02,.02};struct sphere{
vec cen, col or;doubl e rad, kd, ks, kt, kI ,ir}*s, *best,sph[]={0.,6.,.5,1.,1.,1.,.9,
.05,.2,.850.,1.7,-1.,8.,-.5,1.,.5,.2,1.,.7,.3,0.,.05,1.2,1.,8.,-.5,.1,.8,.8,
i1.,.8,.7,0.,0.,1.2,3.,-6.,15.,1.,.8,1.,7.,0.,0.,0.,.6,1.5,-3.,-3.,12.,.8,1.,
1.,5.,0.,0.,0.,.5,/1.5,};yx;double u,b,tmn,sqrt(),tan(); doubl e vdot (A B)vec A
,B;{return A x*B.x+A y*B.y+A z*B. z; }vec vconb(a, A B)doubl e a;vec A B;{B.x+=a*
A x; B.y+=a*A y; B.z+=a*A z;return B; }vec vunit(A)vec A {return vconb(1l./sqrt(
vdot (A, A)), A bl ack); }struct sphere*intersect(P, D)vec P, D;{best=0;tni n=1e30; s=
sph+5; whi | e(s-->sph) b=vdot (D, Usvconb(-1., P, s->cen)), u=b*b-vdot (U, U) +s->rad*s
->rad, u=u>0?sqrt (u): 1e31, u=b- u>le- 7?b- u: b+u, t mi n=u>=1e- 7&&u<t m n?best =s, u:
tmin;return best;}vec trace(level,P,D)vec P, D, {double d, eta,e;vec N, color;
struct sphere*s,*|;if(!level--)return black;if(s=intersect(P,D));else return
anb; col or =anb; et a=s->i r; d= -vdot (D, Nevuni t (vconb(- 1., P=vconb(tnin, D, P), s->cen
)));if(d<0)N=vcomb(-1.,N, black),eta=1/eta, d= -d;|=sph+5;while(l-->sph)if((e=l
- >kl *vdot (N, U=vuni t (vconb(-1., P, | ->cen)))) >0&& ntersect (P, U ==l ) col or =vconb(e
,I->col or, col or); Uss->col or; col or. x*=U. x; col or. y*=U.y; col or. z*=U, z; e=1- et a*

et a*(1-d*d);return vconb(s->kt,e>0?trace(level, P, vconb(eta, D, vconb(eta*d-sqrt
(e), N, black))): bl ack, vconb(s->ks, trace(l evel, P, vconb(2*d, N, D)), vconb(s->kd,
col or, vcomb(s->kl, U, black))));}main(){printf("%l %\ n", 32, 32); whil e(yx<32*32)
U. x=yx982- 32/ 2, U. z=32/ 2- yx++/ 32, U. y=32/ 2/ t an( 25/ 114. 5915590261) , U=vconb( 255. ,
trace(3, bl ack, vunit(U)), bl ack), printf("%O0f %0f %O0f\n",U);}/*ninray!*/
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MinRay
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MinRay

Lypedet structdoubl e xy,zhvec ves U bl ack,arbel 02 02,.02):sisuct sphore
VB, Sl o !...uma ,,m'm’k. W ».w‘q,m RO n‘ YAl
05..2,.85.0..1.7,1..8 5 3.0 6 a

137nn12

570000 515 xdnuh\euhlmnsvl Lan Sounl & yoat (A v A
T Db aie SO R Vet (mr&a‘l\mé’m“ 12 E i Yisat
Fh B yecatA y:8 2 onetA et Gl Ry vee A {retut veomb(1 rsar
Ut (A A A bl acky Vst et spher o1 o s {best =G; {m n-1e30.
SpheS-unt 5[5 251 boydol (0, Ueveos b-vdol (U 1) 35 >r a5
t ikt 7uu<ln5nu)cs i

TG Tl e,
e i o e
R, o iy Sl kel
B LT T L e
S bR e
ey

558823072, bl 221 2304
trace(3, bl ack, vuni t (1)), bl ack)  printf ("% 0f o i nray

Jarorveorite
1o

Lecture
18

21

11



