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Graphics vsPhysics

Rel3ection Spectrum:
Fraction of light of eachdéquency
that gets el3ected

Color of an object

Intensity/Color of | o
light ray Radiance Distribution

Intensity/Color of Intensity spectrum of a
point light souce point light souce
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Some pgsics...

Radiometly = measuring light

Photon .guantum of light with positiomirection of

oropagation and a walength!

(assumption - light @mpogates in straight lines In
Isotropic medium)

¥speed c that depends orfractive index of medium

¥frequency f = d/ :invariant to refractive index
¥ energ q = hf = hc! ,h ~1e34 PlanisCzonstant
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¥ Light =Radiant Eneng

¥ measued injoules, Q = Z
¥ Spectral Radiant Engrg

¥ sun vssingle-weelength laser

¥ amount of radiant eneggper unit waelength inteval at
wavelength!

¥ measued in (oules/nm), Q; = ‘;—!Q
¥ Radiant RuxXRadient paver)

¥ power = energ per unit time

¥ time rate of Bav of radient energ

¥ measued in (oules/segwatts), | = ==



¥ Radiant Flux Density

¥ radiant Rux per unit @a at a point on a surface
¥ measued in (vatts/n?)

¥ amiving Rux - Iradiance E = A

¥Iea/ing Rux - Radiant exitanceM = d!dz\ut
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SolidAngles

Reminder
A regular angley = 7 circle has 2! radians

solid angle spanned by a cone
IS measured by the area of
Intersection of the cone with a

sphere:
$

| 1
o

differential solid angle can be assigned
a direction. Unit: steradian (full sphere =4"#
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Radiancavleasue of Light

Radiance(Luminanc®&umber of photons(or energ) ariving
per time at a small &a perpendicular to the safrom a
particular direction

(1) = d?! watt
| cos#dAd! m2ster adi ans

! () !
A

$%&! () *Yot 0

!" ! II#II

—

Plysical quantity equivalent tomﬂgicél Hconcept of
brightness as obsged ly us
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| ocal illumination model

Describes interaction of the light and the surface

I light can be reflected, absorbed and
transmitted

I most important: [reflection

I reflection can be ideal specular, diffuse and
and anything between

| reflection equation relates the outgoing
radiance in some direction to the incoming
radiance

© 2005 Denis Zorin



¥ Once agairradiance:
X d?! watt

I 11 :
) cos#dAd! m2ster adians

¥ and iradiance (Rux density incoming engmer aea)
E = d! in
dA

waltt
m?2

E(,")=L(!,")cos"d! =
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OBRDFO

Bidirectional Rel3ectance Distribution Functi

refdected radiance
exiting a surface In |

directionr
Irradiancaencident
( on the surface fsm )
direction| .,
f(lllr):Lr(|r1 r)
| Ei(!i,"i)

unit :steradians
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Reflection equation

the outgoing radiance in direction r is the sum
of the radiances due to radiance from all incoming
directions:

LAV "# £l 1 " L1 98" dl .

the integral is over the upper hemisphere
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Reflection geometry

N: norm al
V 4 R: reflected
- diection%
V: direction ,//
to the eye el L: direction to the
surface light source

R =2(N,V)N -V
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SnellOslaw

If a surface separates two media with different
refraction indices (e.g. air and water) the light
rays change direction when they go through.

Snell@ law: the refracted ray is stays in the plane
spanned by the normal and the direction of the
original ray. The angles between the normal and
the rays are related by !, I"'#6, $ | - I"#0-
where ! . and ! , are refraction

indices. g, | normal

|
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Refracted ray direction

T$ —!V%(! EVEN' — /(=1 & —8V$N'"')N
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lllumination model

Two main components:
I light source charact eristics

| position

| intens ity for each freq. (color)
often, different intensity can be specified for
different colors

I directional distribution

| surface properties
I reflectance for each freq. (color)

| differ ent reflectance can be specified for diffuse
and specular lig ht
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And now grahics...

Il Midterm Evaluation
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Local lighting model

Describes interaction of the light with the surface.

Almost never truly based on physics: perception
play s a greater role.

Visible light: electro magnetic waves, with
wavelengths 400nm (violet) - 700nm (red);
Intensit y can vary over many orders of

magnitude .
Computer model: only three OfrequenciesO: RGB,

Intensit y varies over a small range, typically only
255 discrete values/ color.



Perception

Perceptual esponse to light with an arbitrgirspectrurnr

Perceptual esponse poduced ly a linear combinatior
of 3 primary warelengths(R,G,B)
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Highlights

¥ Avoid surfaces that look dulliifess

¥ Change as object nves

¥ Provides visual infmation about shpe and motion
¥ A simple modelPhong Shading

¥Deve|oped ly Bui- Tong Phong , In 1973 dissdation

Olllumination for Computer Gener ated PicturesO

¥ _argey empirical
¥ Fast andealistic enough

Tosun 2007



A simple model

In the model commonly used in graphic s
applications, there are several components

| diffuse relection: Intensit y does not depend
on the direction to the viewer

| specular: simulates relective surfaces and
specular highlights depending on the
direction to the viewer

| ambient: a crude approximation to the
illumination created by the light diffusel y
reflected from surfaces
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Ambient Component

La = laSa=|ra 0,04

¥ Scatteed light in the
environment

¥ Seems to come &m all
directions

¥ When ambient light hits a
surfaceit® scatteed in all
directions

¥ Usualy given a dim constant
value (eg..2)

¥ Example:a geenish object
might hae an ambient value of

[FaOhbd] =[.1,.3,.1]
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Diffuse(Lambetian) Component

¥Lambet@ Cosine L : Color intensity Is pop.to the
cosine of the angle bew®en surface normal and
direction to light souce

i, T ? T
w E ' . 4
ST, T ary - « LT .
_ L . - _ i ot L L &
et o BT ot e

http://esciencearu.edu.au/lectwg/cg/lllumination/lamb&CosineLa.en.html

Ly <ecos"
Lg <e(n " L)

lg =lasa(n"L)
L Ly = lg s max(0,(n " L))

K (or =lgsa|n" L|)
La = [rd,0,000] [n " L]

Does not depend on vig direction = scatters the same wan all diections
E.TO6




Diffuse(Lambetian) Component

¥ Light comes fom one diection

¥ Brighter if perpendicular to surfac
¥ Once hits surfacescattered equajf
¥ Example Paer
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Specular(Phong) Component

Highlights - parof surface whee #=0 brightest
highlightThere®also brightnesehen# small.

need a function s.tit® high
when r=e and graduglifalls
off as r gets way from e.

“x r .
N © lsss(e " r) too large aea,
€ can be negater

Ls = lsssmax(0ge " rp
Ls= [rs,G,bsJmax(0,e " rp

r=2("n)n-l
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Specular(Phong) Component

¥ Light comes fom a paticular
direction

¥ Bounces off surface at a
preferred direction

¥ OShininessO

¥ Mirror - light from source
reaches theye only if r=e
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Specular reflection
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Metal vs. plasitic

Natural look of metallic surfaces is difficult to
simulate, but the first approximation is obtained
using proper highlight color.

For plastic objects, highlights are close in color to
the color of the light. For metals, to the color of
the surface. Assuming white lights, for plastic

set kypec=[C,C,C], where c Is a constant, for more

metallic lo ok set k .= Ky

plastic look metallic look
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Attenuation

¥ In real lie:Radiance @gs dovn by 1/r2
¥ Ex:Stars vsSun

¥ Due to gpproximations iwverse-squag lav
results in ery dark images

¥ Solution 1et the user choose the
atteruation factors (a,ja)

1/(a + br + cr)

Default - (1,0,0) - no attamtion



Complete Equation

=

La — r a, ga ,ba] Ambient Diff
Ls = [rs, & ,ls] max(0,e "r)) P . : )
A =1/(a + br + cP) d

S | = Phong Reflection

Total Radianceor a light L = A(La + Lg + L)

For multiple lights L with own colors [L,Lg,Ly]

L:A([r a,ga,ba] +
Ui IL o LasLo] ([r a,gabadmax(©,( n'L)) +[r s,gsbsmax(0,( e'r)e) ))
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Few points to note..

¥ No shadav suppot.

¥ No second or higher ader reRections (thus
the ambient term)

¥ For fast computation assume

¥ Light souces ae point souces placed
iInPnitey avay

¥ Viewer is also at inbnity



For your homework

¥ Given globay:
¥ viewing direction (camera)
¥ light direction

¥ Given per \ertex :[x,y,z,nx,ny, nz]

¥ Use the light model equation

[r1g1b] - ([r a,g a,ba] +
i [LoLoLo] (Ir 6,ga,0aJmax(0,( n'L)) +[r sgsbsmax(0,( e'ryr) ))

¥ to get to[x,yz,5g,b]



