Advanced Shading

or: The Absolute Basics of Shading
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What is Shading

Offline Rendering / Raytracing | Real-time rendering

At every bounce of e.g. a path, figure out how much light bounces on e For every fragment, calculate how much light reaches the eye
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vec3 f = sampleBeckmannF(wo, wi, normal,

float costerm = max(@.@, dot(wi, normal)) "';\
+= glossy weight * f * te - =
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Who cares?
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Everyone

« Almost all commercial renderers these days aim to be physically correct
* Previously, laws were broken excessively to reduce noise and rendering times
* Now laws are broken in a much more controlled manner

iNrr?tOStta” game engines these days aim to use physically based materials,
ights etc.

* On older hardware, “correct” shading was impossible/too expensive.

« With only direct lighting, didn’t really matter

« Today engines incorporate lots of indirect lighting and the benefits of being physically
based is becoming quite obvious.

Realistic Images look realistic “for free”. Much less tweaking by artists.
Physically based materials look “right” under any kind of lighting.
When things look wrong, we can reason about why.
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Why should you care?

* Implementing almost any CG algorithm is much easier
when you know the underlying theory.

* In the (Game/CGil) industry, you are more than likely to
have to write a baking tool, new material shader or Gl
algorithm some day.

* Most importantly: It's fun stuff!
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Basics: Radiometry

essdedsescsnces
» Lightsource emits
photons. Photons carry | ¢ o .

energy [J]
(At a specific wavelength)

| Phobons carr
The energy that passes a | energy [J] £
region of space per time
unit is measured in

radiant flux, o [7/s=w] | Tnadiarizl ol 2
| E(p)= dO/dA [w/m’]
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Irradiance (E) at some ;
point p, is the flux per unit | T::Zd?i?”a%ﬁﬁ%z
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Basics: How an image is formed

» Let's consider a digital
pinhole camera
 The opens to

let in photons for a
short time (zis)
The IS the
size of the little
pinhole
Each sensor, with
area 4is will measure
the energy (number of
photons) that hit it
during zis
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Basics: How an image is formed
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» Let's consider a digital
pinhole camera e o ® o
 To calculate, we 2
integrate over O

sensor area and ENEEE Received encigy [I] on senson:
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Basics: How an image is formed
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Basics: How an image is formed

 Radiance does not
change along a ray
between two surfaces!

So to figure out the
iIncoming radiance from w
at p, we shoot a ray to
find p’ and figure out the
outgoing radiance In
direction -w
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Basics: How an image is formed

 Radiance does not
change along a ray
between two surfaces!

So to figure out the
iIncoming radiance from w
at p, we shoot aray to
fina o tthe
outgoing radiance in
direction —w

‘\'hts is whal: shaJm
To find 240 (p—w) We mi i$ all “‘”“t‘

»ansider all incomir

rau.. " _ue how
much of it reflects
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Surface Reflection
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We wan't to figure out the
ourgoing radiance for
some direction at a point
p.

We integrate over the
hemisphere

For every incoming
direction, we can find out
the differential irradiance
over JArL

We want to know the
irradiance on the surface,
dA

Sssdodnnesesensssnsensssssss

I—o(P,wo) = J dEl(w;) = J dE (wi)

2 dE"=

cosP;

n

do

et —

dA”

o () dE

cosd, dA I cosPi
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Surface Reflection

csssdetnnccsecssnsssnssssssssss

 What we want to sum is
radiance. To get there, we ® ¢ @ &l
make an assumption.
We invent a function that L(p,wo) = JF(“’"“’J cos®i Li(wi) dwi
for any incoming and £k
outgoing directions
converts from differential
irradiance to differential
outgoing radiance.
* This function is the BRDF

W7 [T T7F T}/ 7 77
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The BRDF

esslednnscsssnsssncnssssnsss
« The BRDF describes the

material o o ® o
L(p,ws) = Jf(waw,) cos®i L;(w;) dws

L1

* A physically based BRDF
has some important
properties

pﬂopewties of BRDE:

'Re.cilmociblj'. F(w;’wo) = F(wo)w;)

Ene1gy conservation J F(wi,w,) cosBi dw <1
)

15-02-13 Advanced Computer Graphics, Erik Sintorn



Optically smooth materials
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Ideal specular reflection

S0s30i000000008800008888008 4§
All energy incoming from

wdi shall be reflected in e o ® o
o Lo(we) = | Flws,w.) JE(wi)

So, the differential
Radiant Exitance (or
Radiosity) over a surface
perpendicular to wio Is
easily obtained.

But we can't find

derivative!
We know though, that it’s
another spikey function
and that if we integrate
over all outgoing
directions we get the

0213 Fadiosity.

A

r

dM‘L(wo) = 4 cosef‘E it Wiz o,

0 othewwise

.

0 if wizw,
dL, ={

? otherwse
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N

dlL,

L . dt
S(wt'wr)&sgo ::} -

ofE
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Ideal specular reflection

Ssslotnncsessnsssncnssssssss

"But I've implemented
ideal specular reflection e o ® o

and it iIs nowhere near CTA;
this complicated!” Lo(ws) j co8Bi Li(wi) du;

cos€o

[(,) - '( S (wi-y) L1 (w:) dw,,
o) B

NEXT LECTURE

he | [T - f(w,, w,) —— 7
Lo(wO)N R Z Pd{,‘(w;’wo) cos6, LL(U1)

Fou speculan reflection, pd€¢(w;,w,) = S (wi- wy)
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Ideal specular refraction

Sssdosnnocsessnsssncenssssnsss

 \What about refraction?
@ ® &

e dwli +dwlo
Snells Law :

« Radiance changes as it Di sin0i = nysindy |

passes from one media to e ,'
NPT -
anOther. Equate n/out th
Difterentiate snells baw to
Find 023 /8, relationsh)yp

p_; 5(10; 'T((Jnh)
ni |cos Dil

f((‘h; Uo) =
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Fresnel

Conductor (e.g.
metals)

=]
-
Q.
O ®
5 >
Non-transparent i o,
Dielectric L @
: y— —
(e.g. plastic) o O
= 2l
q) —
O
2 -
- I
Transparent
Dielectric
(e.g. glass)
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Fresnel

» A close approximation for
Dielectrics

* In Computer Graphics,
we rarely care about
polarization

« This effect is easily
observed on e.g. a still
lake
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cssletnnssecsnsssnssssssssss

@& @ @ é
Fuesnel reflectance fou Dielectuics

$0i - 1,
T, = De ©030i - icosBt } Pa.nall»cl polc«ui&d
Nt c050; + 1, co50¢

_ 1, c056i - 1050t
11058, + 1, c0s58¢

} petpendiculan polasi 2ed

FrfT e et e\ ayr 0 101yl
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Fresnel

csssletnncsecsnsssnssssssnsss
 Conductors don't refract,
but energy is turned into e o e o

heat. Faesnel Reflecbance from Conductors

: () K) cos 07 - 2y cos@; +1

Fy = 2, L2 2 }
; : ; - 1
index of refraction and (k) cosdi’ +2mcos@i+l

. T 2.12)- - 4
absorption coefficient pu, OR)-Lncosli v cosB
(W*+k?)+2y cos ®, +C05H;

« Equations depend on

« Both are wavelength A
dependent | ; ’
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Fresnel
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So for physically based
ideal smooth surfaces,
the BRDF takes fresnel

iInto account

Sssdesnnoesecsnsssncesssssnsss

ldeal specula‘\. 1eflection :

Pl = B i ciee)

C09% eo

leleal specnlat 1efvackion :

‘YE S(U{'T(Uo)")

(wr,w,) = (L- Frl(ws)) =
E i) £ (u,))m cos 84
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Microfacet Theory
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Microfacet theory

Sssdosnnsssssnsssnssnssssssse
* Torrance and Sparrow

[1967] suggested that ® o
rough surfaces can be Macte sutnce:
modelled as collections of

iIdeally smooth mirrors

* We will then only see
reflections from those
microsurfaces that have Micto susface:
normal = half-angle S eholsbiv] i flck:

Rough suface:

« The surface is described Dlw)
by a distribution function
D(w), which says how
likely a microsurface is to
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Microfacet theory

Ssslosnncsessnsssncnssssssss
« We begin by figuring out
how much flux is reflected ¢ o e o
from one direction. The incoming flux, 30 [W] on & suaface, dA

from o Emb solid ongle, dw; s -

dd : Li(ws) dw cos B4 A

Fo: sb?me Einy ipom of incoming diveckions, dw,,
w ave o tiny span o acet-poumal
cdwy,, that mattu?. P Pk I

The perwentaqe o - e o
m‘tmﬂls are: D(&hTéCJSWS with such

So, the size of the sutface bhat actioNy

reflecks 1iﬁbt T4z
dACwy) = Dew) dwndA 7Y v

dA
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Microfacet theory

Sssdodnnssesensssnssssssnsss

“oon o o
Then , bhe amount of Clux that will he aeflected "

fuom  clw; is: O on |
In two climensions ) dow = L; (wi) dw; cos On Dlw,) dwi, d A V—%—

It
i 7
/

/ The outgoing flux 1s: d®, = Flw,) dO,
L=
But in 3D, the amou

15 ‘r\on-‘loi;neo.ﬂﬁ Lo(wo) 1 d(bg = Flw,) Li(wt) Adw;cosO,, D(wh) dwp dA

duw, cosB, dA dwe c05O, dA
e 9
Fwo) Li(wi) dwi cos®n DCwn) Tepse, AA
s, cosBo i

Flwo)Li (wi) D (wy) du;
HeosB,

The outgoing radiance is :
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Microfacet theory

Sosdeln0s0000008800088888828Ss
We begin by figuring out
how much flux is reflected e o e o
from one Q|rectlon. | - e Flwo)Li4w3) D () des?
Then we find outgoing YeosO,
radiance
And then we can express

the Torrance Sparrow
BRDF Toumance - Sparrow BRDF:

F(‘*’i w) » dLo(wo) ' ClLo(U)o)
: dE(wi)  Lilwr) cosBidwr

Add shadowing/masking Y 5 o D)
function H cosO, cosO:

What about Need shadowing Function , G, w,),
<

. I E | :

interreflection? xample G

Glwi,we) = min(1, mm(l(h wh)(n-w) 2(n- wn)( /4})
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Microfacet theory

* Final Torrance Sparrow
BRDF
« F, Gand D are
Interchangeable
 (but facets must be
perfect mirrors)

* One possible distribution
D, which should be
familiar, was suggested
by Blinn [1977]
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Sssdossnnssssensssnsensnsssss

Final Torrance - Spatuow BRDF:
M d s F(w.) D(wn) Glwi,w,)

Hcos86 c0s501
Example: Blinn's mictofacet dist1ibution :
D(wi) oc (wy,- n)™m"e*

dA

] ’ ’ ’
’ : :H' ':H:'—""-“"" "
[ ' I . ‘

The sum of khe PWoJe.clzd oMeo
of all dA(w,) must be oA

jD(w.,)cosQu dw, =1

5N

D) - Simsss e
1

ghinyness
@y 1)
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What about diffuse?

o

A

Lambestion:
g‘witw,) = c°1-|—
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Oren - Nwa‘b ("Okgh'lCSs 1)
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Torrance - Sparrow with
Gox D, smith G,
voushness = 1.0
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rofacet Models for Refraction through Rough Surfaces
Walter, Stephen R. Marschner, Hongsong Li, and Kenneth E. Torrance




What else did we skip? — Complex Materials

S -t =
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What else did we skip? — Subsurface Scattering
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