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Espectro Eletromagnético

O Espectro Eletromagnético

penetra a
atmosfera T oic e 0 odo |
terrestre?
S radio micro | eiNim | visivel | MR | raios X | reiosy
{metros} 10° 10 10+ 0.5x10* 10# 10 10
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dos corpos |
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http://www.aprenderciencias.com/2011/10/uma-onda-eletromagnetica-na-faixa-do.html
?view=mosaic


http://www.aprenderciencias.com/2011/10/uma-onda-eletromagnetica-na-faixa-do.html?view=mosaic
http://www.aprenderciencias.com/2011/10/uma-onda-eletromagnetica-na-faixa-do.html?view=mosaic

Emissao e Absorcao de Fotons

Excitation Electron is
Ener kicked up to a
eray higher energy
state

. Electron is

(SS\) dropped down to

a lower energy
state

Fluorescence

Emission

Fluorescence - ground state to singlet
state & back
Phosphorescence -ground state to triplet
state & back

Fluorescence Phosphorescence
105to 108 s 10-to 10 s
-
[ | ]

ground
singlet state

excited
triplet state

excited
singlet state

Example of
Phosphorescence




Metais, Semi-condutores e Isolantes

L L]

MNon-m etal
(Glass)
- a '- ; " ‘ ."". .__. EI'-_.-- = . - ] . r- :
r 1 s | 5
. ® ® ) (@ © @ ) e o )
Good conductor Semic onductor : Insulator
‘ conduction band conduction band
[~ - t
cuﬂductTUﬂ band empty
T T small energy gap

large energy gap
very large energy gap

valence band

Semiconductors

valence band

Conductors

Figure 2

Insulators

http://www.artinaid.com/wp-content/uploads/2013/04/Conductors-semiconductors-and-insulators.gif


http://www.artinaid.com/wp-content/uploads/2013/04/Conductors-semiconductors-and-insulators.gif

Leil de Deslocamento de Wien

+ 483 nm

-t
o

A T=2898 x10° m-K
peak

The wavelength of the peak of
the blackbody radiation curve

N
E 8
o 7 isible ) |
= 6 '\ 6000 K gives a measure of temperature.
T s 580 nm:
2 4 !\ 5000K
[iT) - ~
= 3 :
5 / p ™ 4 4000 K
3 2 ! ¥ 724 nm ~
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966 nm (IR) Wavelength (nm)

http://hyperphysics.phy-astr.gsu.edu/hbase/wien.html#c2


http://hyperphysics.phy-astr.gsu.edu/hbase/wien.html#c2

Formula de Radiacao de Planck

P=gaAT"

Radiared power:

dﬁf‘ﬁi& Stefan-Boltzmann
et 8
@
=
a@‘ﬁian’rﬂ‘ o
11;\"\ -
o 0.0029

ﬂ'ﬂt"ﬂn‘f =

a :
. & distri
g = 87the I peak of in Wien Displacement
A }LF- he L
AT
e Hﬂfamr )
Planck Radiation 10 eng,,, ateg
) QJ"'I!]:E!,-]. POweg,
Formula A Sify
*}%@'Qﬂ!,,a;},@? density o
W O Energy density in
EODEE‘% phatons
"
&
B Nk I I
j1'ﬁf'-.f!rﬂrn'.'.l.'r_g_ - o T
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Radiative Cooling Time

http://nyperphysics.phy-astr.gsu.edu/hbase/quantum/planckapp.html#cl


http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/planckapp.html#c1

Ondas Eletromageéticas

E = energia

h=constante de Planck (6.626.10°*Js)
v=frequéncia

c=velocidade da luz (2.996.10°ms™)
A=comprimento de onda




Difracoes

DIFFRACTION OF WAVES

: : . ™y
Wave impinges : Wave : :
on a narrow slit 2 interference ket

o T | ,:-'a_ ..
.......... l.q_‘;:-\.rf
o o Wl -
il leg ol
- I -
Barrier E;lr'r:r o
Wave impinges - Barrier
on a broad slit is longer L]
than the
wavelength |
Barrier wavelength
www.shutterstock.com - 369964910

https://glofx.com/what-are-diffraction-kaleido


https://glofx.com/what-are-diffraction-kaleidoscope-glasses/

Polarizacao

Componentes horizontais
sdo absorvidas e refletidas

Componentes verticais
sdo fransmitidas

Polarizador

http://www.infoescola.com/fisica/polarizacao-da-luz/


http://www.infoescola.com/fisica/polarizacao-da-luz/

Refracoes

Reflection and Refraction

angle of |angle of
incidence | reflection

incident ray reflecied ray

angle of | refracied ray

refraciion

n
nWater sen 61'




Reflectancia de Fresnel

Formula de Cook-Torrance

Fio)=1=9) [H(c(gw)—lf]

(e(g—c)+1)’

c=cos. =1[h
g=y(2) +et-1

T=(1—FA(9i))Z—§L
1




Reflectancia de Fresnel

Fresnel 0.0 P
Reflectance .|
0.7 -
== copper 0.6
= aluminum 0.5 -
— 110N 0.4
diamond 03 1
- glass Ly =
— water =y

" 0 I lD Elﬂl 3I(] 4ID 5ID 6I(} TI[] SID 90

Image from “Real-Time Rendering, 3™ Edition”, A K Peters 2008 angle of incidence 6,

Incidéncia normal -
caracteristica especular
da superficie



Aproximacao de Schlick
F(f)=f +(1-f)-1h}

, where f 15 reflentance al normal incident
!;'.[J[_',.l 15 fresnel retlectance term,
18 the hight direction,
v 18 the view direction,
Mt 15 the half vector between [ and v

1.0~
2 2 nel SChliCk_

f o= n,—n, _(n—l i =
O_ T L".E:
n, +tn, n+1 _
n 1 nal
n=— L i
n, n, i

0. 0.5 1.0


https://seblagarde.wordpress.com/2013/04/29/memo-on-fresnel-equations/#more-1921
https://seblagarde.wordpress.com/2013/04/29/memo-on-fresnel-equations/#more-1921

Valores Tipicos de Fresnel

Insulator Rrp(0°) (Linear) | Rr(0°) (sRGB)
Water 0.02,0.02,0.02 0.15,0.15,0.15
Plastic / Glass (Low) | 0.03,0.03,0.03 0.21,0.21,0.21
Plastic High 0.05,0.05,0.05 0.24,0.24,0.24
Glass (High) / Ruby | 0.08,0.08,0.08 0.31,0.31,0.31
Diamond 0.17,0.17,0.17 0.45,0.45,0.45

Metal Rr(0°) (Linear) | Rr(0°) (sRGB) | Color
Gold 1.00,0.71,0.29 1.00,0.86,0.57 s
Silver 0.95,0.93,0.88 0.98,0.97,0.95

Copper 0.95,0.64,0.54 0.98,0.82,0.76

Iron 0.56,0.57,0.58 0.77,0.78,0.78 el B
Aluminum | 0.91,0.92,0.92 0.96,0.96,0.97




reflection coefficient

Reflectancias Externa e Interna

water = air refraction

air -= water refraction
1 1 -
| |
0.8} lr 0.8} |
n 1 |I n 2 |I
L t 0.6} |
.' .E 0
0.4} 5t 04} | e
/ / angulo
021 ;I | 0.2t , critico .
¥4 £ |
P * S
- f,f”
ol ol- — .
0 30 60 90 0 30 60 90
angle of incidence (degrees)

angle of incidence (degrees)

Reflectancia externa Reflectancia interna

Indice de refracdo maior - angulo critico



Modelamento de Energia Luminosa

010l Coherent state

: <= 25.2
{2} J!l Var(n) = 25.3
=0.05 - -

M| —

Photon number n

Funcéo de Distribuicdo de probabilidade de Fotons

b
EIPr:f p(n)dn



Angulo Sélido

Unidade de medida de angulo solido (sr), tal gue uma esfera
completa de area 4;r° tem sempre 47 esterradianos.



VoS

Computacao de Angulos Solidos

/sz - 0(s(g) ~coslg))  p

2 ]
~

(d)

Figure 26.21: Various solid angles on the unit sphere.



Fatores de Forma

Analogia de Nusselt (1928): fatores de forma de projecoes de
um patch sao equivalentes ao do proprio patch.




Analogia de Nusselt

Patch Aj

A

.

il

- unit radius %

Projecao de (dA,cos 8/r?) sobre o patch: dA,cos 6;cos 6,/r?

Area do disco unitario cos B;cos b,

Fator de forma dA, -dA; FdAidAj: -

cos 6, cos o,
Fator de forma A-dA;: Fipa = j T dA;
f r
A

J




Grandezas Radiomeétricas

* Fluxo Radiante: taxa de energia radiante Q transferida de uma
regiao a outra através de um campo.

_dQ Q=hy= "1 ¢ — 2.998 x 10° m/s

T A h (Constante de Planck — 6.62620x1034Js

* Densidade do fluxo radiante: taxa do fluxo radiante por area da
superficie.
d¢

u:_

dA

- lrradiancia (E): sentido do fluxo para dentro da superficie

- Saida radiante (M) ou Radiosidade (B): sentido do fluxo para
for a da superficie.



Grandezas Radiomeétricas

. , * Intensidade Radiante:
Esterradiano (sr) e uma fxo radiante por unidade

unidade de medida de de angulo sélido
angulo soélido, tal que uma |
esfera completa de area 4mr” Feferee e

p tem sempre 4n '

: esterradianos.




Grandezas Radiomeétricas

* Radiancia: fluxo radiante por unidade de area e
por unidade de angulo sélido.

Surface

nmrTa1 *,iwﬁ*
B &
|
1
| d°® d*@

L .= ~
T dAdwcos (0] dAdw

Projected Source Area,

l A Cos @
Side View of
En-ur'-l:r:i-ﬂ-rﬂ. | L2/ cos o




Grandezas Radiomeétricas

Energia Radiante (Q) em Joule (J)

Fluxo radiante () em Watt (W)

rradiancia (E) em Watt/mz2 (W/mz2)
ntensidade Radiante (I) em Watt/sr (W/sr)
Radiancia (L) em Watt/mz.sr




Luz: Faixa Espectral Visivel

-— Aumento na Frequéncia (v)

1?24 1?33 “I::ED l?lﬂ “I:.iﬁ I[I}H 1?11 l?tﬂ II'}E ]IDI'.‘- Iiﬂ-l llﬂl Ilﬂﬂ v {_HEJ
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http://www.itseducation.asia/pics/light-waves.jpg


http://www.itseducation.asia/pics/light-waves.jpg

Conceltos

* Radiometria

— Técnicas de medicao de radiacao eletromagnética,
incluindo a faixa espectral visivel.

* Fotometria

— Técnicas de medicao da luz, em termos de como 0
seu brilho e percebido pela visdo humana.

 Colorimetria

— Técnicas de quantificacao e “afericao” da percepcao
de cores pela visao humana.



Fotometria e Radiometria

 Radiometria: medidas sobre a luz (radiacoes) em termos do
espectro eletromagnético

 Fotometria: medidas sobre a luz em termos da percepcao da
visao humana.
Radiometry and Photometry

| Wis 685 L
at 2353 niml
\-A @, Flux Radiant Flux M, Flux/Proj. Area

Radiomet ric quantities Badiant Exitance

are related to photometric Waits

are related to pho etric T o
guantities through the \ Luminous Flux ”.””'I:jf”r

CI9IE luminous efficiency Lumens LUIHII‘IULIH F]U'-";
CUrve Lumens/m-=Lux

\
0/

Photometric unit = Kk x 3 6"!814
I, Flux/Q2 Radiant L Flux/AQ Radiance

radiometric unt
Wattshnisr

Where KiLl = 685 ViL)

E. Flux/Area Recd.

Intensity

lrmrjmnl:l. Watts/sr Luminance
Watts/m- Ry
. Luminous Lumens/mr-/sr
I]]um:nin{,ju Nt | T
Lumensfm = i e [
e Lumens/sr (ILfem*/srl/x

g o ! ft Lambert = ( IL/ft2/sr)m
P e I Candela=Icd=1L/sr Im Lambert = (1L/m%/sr¥/ 7



Unidades em Portugueés

UNIDADES USADAS EM FOTOMETRIA E RADIOMETRIA

Medida

Radiométrica

Fotométrica

Uso

emissao total

emissdo num angu-
o solido de uma
fonte puntual

emissac total rece-
bida

emissdo por unida-
de de é4rea

potencia: watts
intensidade : watts/
estéreo-radiano

poténcia. watts

irradiancia: W/m?

lumens

intensidade lumino-

sa: candela = lumen/
estéreo-radiano

lumens

iluminancia: lumen/
m?3 = metro-candela

luz de I|ampadas

estrelas

detectores

detectores



Grandezas Radiomeétricas

Distribuicido de Radiancia: Solar height 10 deg Solar heigh 22 deg.
descreve fluxos de radiacdo o
de um dado comprimento
de onda que chegam a um
ponto em todas as
direcoes.

VEGETATION SPECTRAL PROPERTIES

Incident
Radiation
Reflected
Radiation

Vertical




Classes de Superficies

\/ Dielétricos
\ \(
Condutores \I
Polidas Rugosas

\

Compostos (plastico)

http://www.cs.umbc.edu/~rheingan/435/pages/res/gen-11.l1llum-single-page-0.html


http://www.cs.umbc.edu/~rheingan/435/pages/res/gen-11.Illum-single-page-0.html

BRDF

Bidirecional Reflectance Distribution Function

F' 3

Funcao de Distribuicao de N:}.
Reflectancia Bidirecional :",ia :Im/

— Descreve a razéo entre ol
radiagoes luminosas : y
incidentes e refletidas e, o
num ponto de uma | S .

superficie

Satisfaz reciprocidade

de Helmholtz

Satisfaz conservacao

de energia

P,
b,

Bidirectional reflectance
distribution function (BRDF)

B (05 )

j{gir‘.ﬁirgr-.ffﬁr) —_ dE!(Hi'«ft'l'_}




éw.«% irragdiancia
Ty .

—

adiancia,\ ™

Para uma superficie
Lambertiana (perfeitamente
difusa), BRDF é constante:

www-graphics.stanford.edu/~smr/brdf/bv/



http://www-graphics.stanford.edu/~smr/brdf/bv/
http://www-graphics.stanford.edu/~smr/brdf/bv/

Equacao de Reflectancia

~~. galtura

= 0 W
I
I
I
I




BRDF: fonte pontual/direcional

L(wO)Zf(ooo,a)i)L(w )(ﬁ-wi)

* Termo especular de Phong

_>, mShl
ks(r ooo)

ﬁ'&)l

f Phong (wo ’wi ) —

L
* Termo especular de Blinn -©-~

ks(ﬁ.Z)mshi
n-ow,

f Blinn ( Ol)o ’Q)i ):




BRDF anisotropica

* Efeito anisotropico: efeito em gque a aparéncia visual de
uma superficie altera quando ela gira em torno de um

elxo.
Modelo de Ward para reflectancia especular
_ ) -
L 1 NL 2(’2—"{) + (1)
pee V(N -L)(N - R) 4maza, 1+ (H-N)

—  Qutro modelo
f (wo’wi) :mspec(\/l_(7‘?)2\/1—(\_;'_l:)z—(_i._f),(‘;.—l:))msm



http://www.graphics.cornell.edu/~bjw/wardnotes.pdf
http://en.wikipedia.org/wiki/Specular_highlight#Ward_anisotropic_distribution

Comparacoes Visuais

“The BRDF types determine the type of the highlights and
glossy reflections for a material. You would use Ward for
metals such as stainless steel. Blinn and Phong for plastics
and none metals and Blinn for chrome materials. Calculation

speeds do vary for each type. Phong is fastest, followed by
Blinn, and then Ward.”

L A A

Phong Blinn Ward


http://area.autodesk.com/tutorials/vray_2_0_materials_guide

Reflectancia Difusa

* Modelo de Oren-Nayar
L = g -costl; - (A+ (B - max|0, cos(¢; — ¢, )] - sine - tan 3)) - Eq

2

(¥
—1_ o = max(f.. 6
A=1 0'5’5"??”-33 (6, 6; )
B_ous_ O 8 = min(#;,8,)
T T g2 00.09
r“! faj
l ' 3

Real Image Lambertian Model Oren-Nayar Model


http://en.wikipedia.org/wiki/Oren%E2%80%93Nayar_reflectance_model

Microgeometria

* Modifica as direcoes das reflexoes.
* Blogueia reflexdes.
* Altera a distrubuicédo dos vetores normais das micro-estruturas

e (Gera efeito de retro-reflexdes.

"r'-
J_I“".l-l" \
.-l_,.".-l' -

Figure 23: On the left. we see that some microfacets are occluded from the direction of |, so0 they
are shadowed and do not receive light (so they cannot reflect any). In the center, we see that some
microfacets are not visible from the view direction v, so of course any light reflected from them will

not be seen. In both cases these microfacets do not contribute to the BRDF. In reality. shadowed light
does not simply vanish: it continues to bounce from the microfacets and some of it does make its way
into the view direction (as seen on the right). These interreflections are ignored by microfacet theory.
(Image from “Real-Time Rendering, 3rd edition” )

04/26/16



Microfacetas

macrosurface

S

7 light (1)

h
view (v) \ \
Modelo de Cook-Torrance

/ Fator d

— F ( L, h)(G( ) D <h )\ Distribuicdo de Beckmann: fungéo de
4n

[,
T) ( ) distribuicao de vetores normais

microsurface

=

b

= <4
<

04/26/16


http://kevin-george-2n3x.squarespace.com/blog/2014/5/25/the-brdf-and-microfacet-theory

Termos do Modelo Cook-Torrance

F(f)=f+(1-1)1-Lh} j

1—n
, where fis reflentance at normal incident f 0 — ( —:]
F(f) is fresnel reflectance term,
115 the hight direction, ]' +H
v is the view direction. , where [ is reflentance at normal incident
i1 is the half vector between [ and v n 15 the refractive index
(nh)’—1
2 2
o (n,h,v,1)=(nl)(ny) g™ (nh)
implicit (h n m) _
Beckmann = 2, 4
xm” (n.h)

, where /1 1s the microfacet normal.
i 18 the macro surface normal,

(n.8,v, )=min(1, 220122 Znb)nl) e

Cook Torrance but usually within me[0,1]
V h V ‘II'!I underline denotes clamping to zero
¥ ¥

04/26/16


http://simonstechblog.blogspot.com.br/2011/12/microfacet-brdf.html

BRDF: Iobulos difusos e especulares

\

lobe 2 (highlight)

¥

lobe 1 (diffuse) :

Cook-Torrance He-Torrance

@ www.scratchapixel.com



http://math.nist.gov/~FHunt/appearance/brdf.html

Gonioreflectometer

§ Detector \
Source N Optical
Off-axis encoder gears encoder Reflectance Detector ==
Stepper
motors

Sample holder and turntable

Large ring bearing




BSDF

Funcao de Distribuicao de
Espalhamento (Scattering)
Bidirecional

— 2 BRDFs
— 2 BTDFs




Espalhamento

\(eﬂexo
-' L] 1 /

difusa /

reflected (reflexde$ especulares)

transmitted
(refracoes)

Modelos fisicos
apresentam custo
computacional muito
alto!!!

|

Métodos heuristicos
baseados em
observacoes.



Reflexoes Difusas no Volume

o e _LI"
§§~‘* E—}E ':ml}g"ﬂ‘%i &Ei\l 2
WS EWS =W
m KGN U
volume f? //
, e 28 y- J-"?,{?N x 2,
f \.1 £ ’Ir\:‘r ".IL
simples simples difusas/
com- multiplas
atenuacoes
N 4
N
lluminacao Local

lluminacao Global

Scattering = reflexdes + refracoes



Bidirectional Scattering Distribution
Function

A ) \(/

Reflective Transmissive

b

0
> s

58y

(c) (d)

(AN s

Lambertian Retroreflective

(e) (f)



BSDF




Modelo de lluminacao Phong
Reflexdes Difusas

Intensidade luminosa
refletida é diretamente
proporcional ao coseno

do angulo 6

— Icos(81d00d A

Diffuse
Reflection

Intensidade percebida pelo
observador independe da sua
posicao

N focos(g) dddA
[df2g cos{#)] dAg




Modelo de lluminacao Phong
Reflex0es Especulares

Intensidade luminosa

refletida é diretamente
proporcional a poténcia a do
coseno do angulo

— Is - ks Is (COSB)“

I:] " ] t] on o F | x":ﬂxx“a I | | v:nls-ialpl': a) I_
Max Specular RN cosiahaa —— |
Reflection 372 N | & II:. Ikkﬁ cosialpha)**s0 -----

(R) - 4 08 [ H i
1"&'"’ 04 Ih‘n _
B D @ D2 i

f I b I I | h“"ﬁ-._,__ ,




Modelo de lluminacao Phong
Multireflexoes

Intensidade luminosa comum para todos o0s pontos do ambiente
Ia = ka Ia



ambiente Modelo de Phong
| =K.l + kg1, cosl + kg I (cosp)”




Modelo de lluminacao Phong

ambiente Modelo de Phong
| =K.l + kg1, cosl + kg I (cosp)”




Modelo de lluminacao Phong

ambiente Modelo de Phong
| =k, + k1, cosb + kg I (cosp)”

AN
R

difusa




Modelo de lluminacao Phong

ambiente Modelo de Phong
| =kl + Kk, 1, cost + kg I (cos[)*

\ . _

difusa

especular



Modelo de lluminacao Phong

| =Kl + Ky 1y cos6 + Kk | (cosp)

N
L R cosO = N.L /(|N]|L[)
7V cosP = R.V /(|R]||V])
0
R=2N(N.L)-L

Vetor Normal no célculo da componente especular!!

http://www.cs.umbc.edu/~rheingan/435/pages/res/gen-11.1llum-single-page-0.html


http://www.cs.umbc.edu/~rheingan/435/pages/res/gen-11.Illum-single-page-0.html

Modelo de lluminacao Blinn

| = K,l, + K, 1, cosb + kg | (coso)”

H=L+7V . .
Intensidade luminosa
L +¥ |l refletida é diretamente
proporcional a poténcia «’ do
coseno do angulo 6
l, =k, I, (cosq)*

Vantagem: Quando a fonte luminosa e o observador forem distantes,
H é constante.



Refracao .

unreflected (geometrical)
A line of sight reflected (optical)
N line of sight
N cos 0,- L -
05 % '/ﬂet
v 8
[ S, %,
i 2]
O
N cos 6,
0
Line of sight
M=(N cos 6;-L) /[N cos 6, - L|

sing, = n,/n, sing,
(snell's law)

—a —m —a —m —a A —a |—a —a —a

Y

http://www.cs.umbc.edu/~rheingan/435/pages/res/gen-11.lllum-single-page-0.html


http://www.cs.umbc.edu/~rheingan/435/pages/res/gen-11.Illum-single-page-0.html

Uma Aproximacao

X fator alfa

/E(RGBa)

1 (R,G,B,,«,)
T (Ro, +(1-a)R,, G, +(1-))G,, Bo, +(1-,)B,)
viewing direction ou

(Rzaz + (1_ az)Rp Gzaz + (1_ az)Gp Bzaz + (1_ az)B1)



Tonalizacao (Shading)

Calcular as propriedades
graficas ou geomeétricas em
algumas amostras e propaga-
las para o restante dos pontos

Copia (Flat shading) Interpolacao (Gouraud shading)

B WA




Tonalizacao
Interpolacao Linear de Intensidades

T1¢x1,%1%
TafXa,vs) Ib{Xhb,¥=)
k'
I=s

TI(K2, T8

T4 ixd, v43

T3(X3, 73
Gouraud Shading

Interpolacao linear de intensidades
L =tl + @91,
(D) =t + (1) I,



Tonalizacao
Interpolacao Linear de Intensidades

ni

ixdl, 71y

Phong Shading
Interpolacao linear de vetores normais
N,(t) = tN, + (1) N,

Ny(t) = tN, + (1-t) N,



Tonalizacao

FLAT SHADING PHONG SHADING

GOURAUD SHADING
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