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Context Overview
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4 1/ General algorithm for ray tracing

B dnocd’s 2/ Simple scene application
2+t 422 =1 => See objects
3/ Shading

=> 3D aspect

v e Projective rendering

Multiples solutions eReye 4/ Physical model
(+/=) “Ray tracing => Toward photorealism




3D Scene

— Geometry: equation
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3D Scene= Color/Material

Camera/screen
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In the real world In the real world
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In the real world Our 1lst model

+ Simple
+ Physically accurate

First algorithm
- Algorithmic complexity

For all light sources s 5 "
grc SoL k} Inifinite number of reccursions

For all direction d1
Throw _ray(dl)

Throw_ray(d) : p = 2m(1—cos(f)) .. 27(1—cos(¢))
If d intersect any object 5 4w dm
Save Color

|

|

|  For all direction d2 \

| Throw ray(d2) p touch pixel=0.0000000007%
|

|

|

send 130 000 000 000 rays
If d intersect screnn
Set current Color to pixel | e 10cm

_*__ 2
D= 3Dcm C} —— ata,n

p touch object=0.0015%

Accelerating the rendering Accelerating the rendering

Fermat principle:
Problem : |lot of useless rays Same light path in both directions




Accelerating the rendering

Fermat principle:
Same light path in both directions

.I'al

Improvement:
- Finite number of rays
All usefull

Ray tracing algorithm

1/ Fermat principle
+ Physically OK

2/ No secondary

diffusion
- Loss of physics

quantification:
~2 000 000 rays

0.1 ms/rays :

set green color to pixel 3 min/pic
VS 150 days/pic

Ray tracing algorithm

set green color to pixel

Ray tracing algorithm

| For k=1..N_pixels
Throw ray(dy)

Throw_ray(d)
—t If d intersect object
——— Set object Color to Pixel




Ray-tracing summary Formalization

For all lines D
Compute D N O

For k=1..N_pixels —_— | ObJeCt O

Throw ray(d,)

f \
Throw ray(d .
| 1If d intersect object
| et object Color to Pixel

Computation
complexity

Formalization Formalization

_ 1: We search 2: Solve for t
For all lines D

F(x,y,2)=10
Compute DNO m(t) = go + tu Deduce: /

x(t) et n(t)
Ei@y ) =0 Shading |
(fz(u,v), fy(u,v), f2(u,v)) | (local properties)

Keep only t=0

Py 2) =0
(fﬁ(u! U)! fy(“: 'U), fz(u, v




/ Il System to solve:
Lp S { z(t) = xg + tu

< 2(t) — &gy >=0

2/ Application for simple

3D Scenes ' //ﬁ”fﬁ{] \‘fct}planar

\Intersectian

t;—:,{:lvf \vtc:u

1 intersection 0 intersection

rEP=<z—2p,n, >=0




Sphere

Real sphere model: no discretization

Note: Using the wrong intersection

o
b \

,-;_-:::’}

-
_.a-":__,-‘-"f
T
.-.'-/_/'
i




Triangle

(B=A)x(C'—A)

N = MB=A)x(C—A)

x(t) = xo + tu

+ check

X

reT =

Same as plane
L0

t — <A—ZE[].J.H¢>
<u,n; >

using barycentric coordinates

=aA+ BB +~C

Triangle: barycentric coordinates

Triangle: barycentric coordinates

_ (B-Alx{C-A)
i A=t

r=aA+ BB +~C
cifafiF

A= area(xg — Xa. X — I,.q)
A = area(xg — X5, X — IE)
.-qg = area(xA — X, X — Ic)
Az = area(Xpg

with area (Vp. Vq) = 1/2[[vg x V4|

a=A/A
= = Agffq

Y= qufffq

Fi

3 =L 1Nt
W3 l=seqit);

[a=

v3 xlB=internal xl-internal =&:

v3 xZB=internal =2-internal x3;

V3 ulb=x10.normallzed(] ;
v3 uZB=x20.normalized(]);

v3 n=ull, cross{uZ@) .normalized() ;

tle epsilan=le-B;
std:: fabs{pro]ji<epsilon)
n inter

t={internal =B0-seg.x8{}).dot(n)/praj:

area_U={lnternal_xZ2-lnternal_xl).cross{xl-1nterna L
I={internal_xQ0-intermal_x2).cross(xi-internal_x2).nore(
-interna (

|
[(1/2
]

[ 2 A= | L AL
area 2={ilnternal xXl-internal x0).cross{xl 1 x8).mora|
Ay i

area =xl1@.cross(x28).nomi()/2.0;

=0 && b>=0 && Cc>=0 && &=<=]1 &E& be=1 && C==])
f(std;:fabs({a+b+c-1.0)=epslilon)
inter.push back(intersection data(xi,m,t}));

inter;

L x1).normt)/s2.8;
LB
Fa.8;

Triangle

v =1




Triangle => Mesh rendering Ellipsoid

(z —z.)ID(x —x.) =1

0 0
D = B 0
0 C

Ellipsoid Implicit surfaces

(3—2e) D@ —2,) =1
) | S ={(z,y,2) € R°|F(z,y,2) = 0}

A
0
0

T 2 T T i I We generaly don't know the analytical
(;1 D:I:I)t;(y Du+u’Dy)t+y Dy —1=0 solution of SN D
— L0 T L¢

We look for an approximation
A = (y!'Du+ u!Dy)? — 4(u!Du)(y! Dy — 1)

‘ _ y'Dutu!Dy+VvA
1/2 — 2 uTDu




Implicit surfaces Implicit surfaces

S ={(z,y,2) e R®|F(z,y,z) = 0}

Implicit surfaces Implicit surfaces

S = {(z,y,z) € R®|F(z,y,z) = 0} S ={(z,y,z) € R3|F(z,y,2)

:C 0 J;"f _r*= ro + fu x 0
u

1st Solution:
't — '+ ALu
b
?




Implicit surfaces Implicit surfaces

S = {(5‘: Y, z) € H3|F($:y§3) = ﬂ} R 7 o S = {('T Y,2) € R3|F($:y&z) - {]}

-

L0
-
LY

lst Solution-
— gt + ALu

F: differentiable

0.001 r/
/ 2nd Solution:

TL | F(z")]
't = o u
|V F||max

Implicit surfaces Implicit surfaces

S = {(z,y,z) € R®|F(z,y,z) = 0}

s S = {(z,y,2) € R3|F(z,y,z) = 0}
s !
B ]
e
2nd Solution:

s F(z")]
SR e

u

I Aax

esglmated S Acceleration of the convergence:

1: Binary search

2: Newton
at the end

F(z")
<VF(z*),u>

quadratic convergence

t+1

€T =




Implicit surfaces Implicit surfaces

S = {(z,y, 2) € R3|F(z,y, z) = 0}

The gradient is important:

F(x+h)—F(x) V F' analytical
h

[Efarfieldtechnology]

Fluid simulations

Shadows

Obvious Iin ray-tracing

Visual effects




Soft shadows

Soft shadow

Secondary
ray

- sources

intersection Total shadow

p

Soft shadows Reflections

ombre douwce
™
o ' SOUFCES
ombre tobale

Point light source Spherical light source




Reflections Reflections

Several level of
reflections:

Reflections Refraction

Level of details




Caustics Caustics

Prefered path of the refracted/reflected rays

Need a more advanced model of ray tracing

Caustics Caustics

2 2
= =7 & Use of a photon map

i

[CG Arenal [deviantart]

Etape 1: Etape 2:
Throwing photons Throwing rays

Light emit (O Light receive

> Caustics

-+

Store photons Use of the
StDrEd pthDHS [lensen, EGWRAG]




Bidirectional
Reflectance
Distribution
Function

Physically based rendering

[Wikipedia]

065

BRDF Rendering equation

Bidirectional Reflectance Distribution Function

P(z,0,) = Pu(z,0,) + f F(2, 65, 8,) Pa(, 6:) cos(6;) d;
=LY

O
Fq

Perfectl Perfectl
e specu;;; Problem: Pa depends on P

Integral equation: infinitely reccursive

Q2
Pt

2

[D-Likr Megazine 02] ‘-‘




Rendering equation Path tracing

F'[ni':-ﬁr)j . ‘H'(-h Hm:' = I/;.EH f':-]':'ﬁ.hﬁle' Pn{-'f- 'Hl'}f":"ﬁ{ﬂf} d#; "l_"‘m : i We ra ndomly Sam ple 91

2 Approches:

1- Finite element discretization
Radiosity

2- Monte-Carlo

Path Tracing
Metropolis Light Transport (MTL)

Path tracing

Modeling secondary light sources:

Direct illumination Path tracing




