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Compute pixel ray
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Check ray-object intersection
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Ray-casting basics

For each pixel And then?
Compute pixel ray
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For each object
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Ray-casting: summary

For each pixel
Compute eye ray
For each object
Check ray-object intersection
Get closest intersection
Shade depending on light and normal vector

Finding intersection point and normal is the central part of ray-casting!
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Ray tracing

#include <stdlib.h> // card > aek.ppm
#include <stdioc.h>

#include <math.h>

typedef int i;typedef float f;struct v{
f X,v,2z;v operator+(v r){return v(x+r.x
¥+r.v,z2+r.z);}v operater*(f r){ return
v(x*r,y*r,z*r);}f operator$(v r){return
X*r.x+y*r.y+z*r.z;}v() {}v operater~(v r
) {return v(y*r.z-z*r.y,z*r.x-x¥*r.z,x*r.
y-y*r.x);}v(f a,f b,f c){x=a;y=brz=c;}lv
cperator! () {return*this* (1/sqrt (*thiss*
this));}}:;1i G[]={133022, 133266&,13326¢,
133022, 25409&, 131216, 131934, 131072,
258048, }; £ R() {return(f)rand()/RAND MAX
231 T(v o,v d,£fat,ven) {t=1e9;i m=0;f p=
-0.z/d.z; if(.01<p)t=p, n=v(0,0,1),m=1;
for(i k=19;k--;)for(i 3=9;3--;)if(G[]]=&
1<<k) {v p=o+v(-k,0,-7-4);f b=p%d, c=pip-
1,q=b*b-c;if (g>0) {f 3=-b-sqrt(q);if(s<t
£&3>.01) t=3,n=! (p+d*t),m=2;} }return m;}
v S(vovd{f t;v n;i m=T(o,d,t,n) ;if(
'm)return v(.7,.6,1)*pow(l-d.z,4) ;v h=0
+d*t,1=! (v(9+R (), 9+R(),16) +h*-1) , r=d+n*
(n$d*-2);f b=1%n;if(b<0||T(h,1,t,n))b=0
;£ p=pow(lsr*(b>0),99);if(msl) {h=h*.2;
return((i) (ceil(h.x)+ceil(h.y))&l2v(3,1
f1):v(3,3,3))*(b*.2+.1); }return v(p,p,P
)+S(h,r)*.5;}i main() {printf("P6 512 "
"512 255 ");v g='v(-6,-16,0),a=!(v(0,0,
1)~g)*.002,b=!(g"a)*.002,c=(a+b) *-256+g
sfor(i y=512;y--;)for(i x=512;x--;){v p
(9,9,9):for(i r=64;r--;){v t=a*(R()-.95)
*99+b* (R()-.5)*99;p=S(v(17,16,8)+t, ! (t*
=1+(a*(R()+x)+b*(y+R() ) +c) *18&) ) *3.5+p;}
printf("$cicic”, (i)p.x, (i)p.v, (1)p.2):}}




Ray tracing

Basically 2 functions: Light(s)
« trace YA
 find intersection with an object <
« directlllumination £y
 Direct lighting at a given point
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Ray tracing

color trace(ray) {
hit = intersectScene(ray)
if(hit) {
color = directlllumination(hit)
if hit is reflective
color += c_refl * trace(reflected ray)
if hit is transmissive
color += c_trans * trace(refracted ray)

} else
color = background_color

return color
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Ray tracing

color trace(ray) {
hit = intersectScene(ray)

if(hit) {

|color= directllMumination(hit) | ?

color += c_refl * trace(reflected ray)
if hit is transmissive
color += c_trans * trace(refracted ray)

} else
color = background_color

return color




Ray tracing

color directlllumination(hit) {
color = (0,0,0)
for each light L {
T = cast shadow ray to L
if hit is not shadowed by L
color += Ambient+diffuse+specular terms(L,hit)

}

return color




Ray tracing

color directlllumination(hit) {
color = (0,0,0)
for each light L {

| | = cast shadow ray 1o L \ 2

color += Ambient+diffuse+specular terms(L,hit)

}

return color

Difference between eye ray and shadow ray ?




Ray tracing

color directlllumination(hit) {
color = (0,0,0)
for each light L {
T = cast shadow ray to L
if hit is not shadowed by L
color ¥= AmbientFdiffuse¥specular terms(L,hi 2

}

return color

Material properties (we will see it soon in details)




Ray tracing

color trace(ray) {
hit = intersectScene(ray)

if(hit) {

|.Co|f)r.= drectiumination(fi) | oK

color += c_refl * trace(reflected ray)
if hit is transmissive
color += c_trans * trace(refracted ray)

} else
color = background_color

return color




Ray tracing

color trace(ray) { —

hit = intersectScene(ray)
if(hit) {

color = directlllumination(hit)
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color += c_refl

if hit is transmiss

color += ¢ _trans

} else
color = background_color

return color

Recursive!




Ray tracing

color trace(ray) { —
hit = intersectScene(ray)

if(hit) {

Recursive!
color = directlllumination(hit)
if hit is reflective
color += c_refl
if hit is transmiss
color += ¢ _trans
} else
color = background_color How to stop??
* Recursion depth
return color « After a number of bounces
* Ray contribution
} » Reflected/transmitted

contribution becomes too small

¥
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Ray tracing

color trace(ray) { —

hit = intersectScene(ray)
if(hit) {

color = directlllumination(hit)

if hit is reflective

color += c_refl

if hit is transmiss

color += ¢ _trans

} else
color = background_color

return color

Recursive!

How to stop?




glossary

Ray casting:
eye ray only

Ray tracing:
all secondary rays

Shadow ray:
surface to light ray (shadow test)

Ray marching:
step by step surface intersection test




Ray-tracing

What if intersection cannot be computed analytically?

Final Shaded Translucent Surface ™
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Ray marching height-fields
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Ray marching he|ghtelds
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http://www.iquilezles.org/www/articles/terrainmarching/terrainmarching.htm

Ray marching height-fields

Pt)=ro+rg*t Optimizations:
* Interpolate between the 2 last positions

camera Height field f(z,2) =y @
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Pt)=ro+rg*t Optimizations:
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Ray marching height-fields

Pt)=ro+rg*t Optimizations:
* Interpolate between the 2 last positions
* Increase deltaT with distance from eye
« See: http://www.iquilezles.org
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http://www.iquilezles.org/

Ray marching height-fields

Pt)=ro+rg*t Optimizations:
* Interpolate between the 2 last positions
* Increase deltaT with distance from eye
« See: http://www.iquilezles.org
Normal computation:
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http://www.iquilezles.org/

Ray marching implicit surfaces
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Ray marching implicit surfaces

Plt)=r,+rsxt
(#) =ro+7q Flay,2) = 0

< f(x,y,2) <0
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Ray marching implicit surfaces

Plt)=r,+r;xt
(> ’ d f(z,y,2) =0
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Ray marching implicit surfaces

Plt)=r,+r;xt
:<k10 - ! flz,y,z)=0

1

2: d= 10

3: while k < k,,qz dO +

t d=f(r(k)) ==
6
7

if d <0 then return kAt
kE=k-+1

: return 0
o )
< f(fl?,y, Z) <0
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Ray marching implicit surfaces
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Ray marching implicit surfaces
P(t)=ro+rgxt

f(z,y,2) =0

1: t=0

2:d=0

3: while t < D do

4: d= f(r(t))

5 if d < ¢ then return {
6 t=t+d

7: return 0

_—V
s g

camera

Implicit surface @




Ray marching implicit surfaces

P(t) =70+t 1rg*xt Normal computation:
1: t=0 ng = f(z+¢€y,2)— f(z—¢y,2)
2: d=20 '"vyzf(ZL',y—l-G,Z)—f(.'L',y—G,Z)
3: while ¢t < D do n, = f(z,y,z+¢€) — f(z,y,2 — ¢€)
4 d= f(r@t))

5 if d < € then return ¢
6: t=t+d
7

: return 0 / +

camera + —]

Implicit surface




c«:mon implicit surfaces

Sphere - signed

P, 21l0alu S
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Common implicit surfaces

Sphere - signed Plane - signed - Box - signed '

Torus - signed Round Box - unsigned Cone - signed

Complete list:



http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Distance operations

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Distance operations

Substraction

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Distance operations

Substraction

Intersection '

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Domain o eraions

Repetition \ ‘sl ;’
flcat cpRerp %I
> VN

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Domain o eraions

"‘ |
Repetition L\ ‘s;,
flcat opRep %l
, VN

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Domain o eraions

Repetition AN -;!5

flcat opRer m
N

7 LN

= mod (v m) e ol
LoJd (M © - —

Rotation/Translation % ‘

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Distance deformations

Displacement

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Distance deformations

Displacement

for instance...

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Domain deformations

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Domain deformations

Cheap Bend

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm

Domain deformations

Cheap Bend

Complete list:


http://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm
https://www.shadertoy.com/view/Xds3zN
https://www.shadertoy.com/view/Mss3zM
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