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Reading
Requiredh

* fngel chapter 5.

Cptional:

& CpenGlred book, chapter 5.

Pinhole camera

To create an image of avirtual scene, we need to
define a camera, andwe needtomodel lighting and
shading, For the camera, we use a pinhele caman,
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The image is rendered onto an image plane (usually
in front of the camera),

Viewing rays emanate from the center of projection
[COF) atthe center of the pinhole,

The image of an object point P is at the intersection
of the viewin g ray through P andthe image plane.

But is Pwisible? This the problem of hiddaen surface
removal (alk.a. visible surface determination).
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Rasterization

Graphics hardware assumestheworld is made of
triangles.

It does hidden surface determination by projecting
every friangleto the image plane, and"smearing”
properties stored at each vertex across each
projected triangle,

The pracess offilling in the pixels inside of a polygon
is called rastarization.

Graphics hardware smears the z-values of the
triangle wertices, anduses a Z-buffer to determineif a
pointinside atriangle iswvisible. More onthisin
another lacture. ..




Shading

Sofar, weve talked exclusively about geometry,

What isthe shape of an objedy
How do | place itin avirtual 30 space?
How do | know which pixels it cowers?

How do | knowowhich of the pixels | should
actually draw?
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Once we've answearad all those we have to ask one
mora important guestion:

* Towhatwalue dolset each pixel?

Answering this question isthejob of the shading
modal.

Other names

Our problem

wadelingthe flow of light in a scene is very complex:
photons pour out of light sources and bounce
around and aroundbefore reaching a camera,

Here wie focus on lecal illumination, i.e, what
happensfor asingle bounce:

light source — surface — viawer

Mo interreflact ons, no shadows,

Were goingto explore two modelsithe Phong and
Blinn-Fhong illumination modals.

They have thefollowing charactaristics:

* physically plausible @lbeit not strictly correct)
* very fast

* Lighting model o widely used
+ Light reflection model
¢ Localillumination model
* Reflectance modal
* BRDF
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Setup... “Iteration zero”
The simplest thingyou can daois. ..
Assign each polygen asingle color
=k,
whera
* [isthe resultingintensity
* k. isthe emissivity orintrinsic shade assodiated
Given:

apoint P on asurface visible through pixel g

¢ Thenormal Nat P

* The lighting direction, L and (color] intensity, /.
a P

* The viewing direction, Vf, at P
* The shading ceefficients at P

Compute the color /. of pixel p.

Assume that the directi on wectors are normalized:

INI= IEll= v =1

with the object

This has some spedial-purpose uses, but not really
goodfor drawing a scene,

[Mote:k iz omitted in Angel.]




“Iteration ona”

Let'smake the color atleast dependentonthe
overall quantity of light available in the scene:

=k +ki1,

* [k istheambient reflection coafficient.
+ really the reflectance of arbient light

+ “amhbisnt” light isassumed to beequal inall
directions

s | istheambient light intensity,

Physically, what is “ambient” light?
Psir Mo s inferreflection

[Mote: Angel uses L instead of £, ]
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Wavelength dependence

Really, k.. ¥, and [, are fun cions over all
wavalengths A,

Ideal by, wewould do the calculation on these
functions, Forthe ambient shading equation, we
wiould start with:

then we wouldfind good RGB valuesto reprasant the
spectrum A

Traditionally, though, kg and i, are represented as
REBtriples and the computation is performed on
each color channel separately:
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Diffuse reflection

Let's examine the ambient shading model:

* objects have different colors
* e can control the overall light intensity
+ what happens when we tum off the lights?
+ what happens as the light intensity inaeases?

+ what happens if we change the color of the
lights?

Sofar, objects are uniformly lit.

+ notthe way things really appear

* in reality, light sources are localized in position
of direction

Diffuse, or Lambartian reflection will allow reflected
intensity to wary with the direction of the light.

-
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Diffuse reflectors

0

l'.
Diffu e reflecti% occursfrom dull. matte surfaces,
like latex paint, or chalk,

These diffuse of Lambartian reflectors reradiate
light equally in all directions.

Picture arough surface with lots of tiny microfacats.




Diffuse reflectors

..0f picture a surface with little pigment particles
embedded beneath the surface (neglect reflection at
the surfaceforthe moment):
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The microfacets and pigments distribute light raysin
all directions,
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Ermbedded pigments are responsible for the
coloration of diffusely reflected light in plastics and
paints,

Mote: the figures abowve are intuitive, but not strictly
(physically) correct.

Diffuse reflectors, cont.

Thereflacted intensity from a diffuse surface does
not depend on the direction of the wiewer, The
incoming light, though, does depend on the
direction of the light source:
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“Iteration two"
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Theincoming energy is proportional to - giving
the diffuse reflection equations:

I=k, +ii, +k,,B Cos0

=k +th I, rE BN LY

where:

kjisthediffuse reflection coafficiant
Iy isthe (color] intensity ofthe light source
Nisthe normal tothe surface unit vec or)

Listhe direction to thelight source (unit
vector)

* £ prevents contribution of light from below the
surface:

* & * »

_[1 ifN-L>0
“lo ifN-L=z0O

[Mote: Angel uses L instead of f, and finstead of ]
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Specular reflection

Spacularreflaction accounts forthe highlightthat
yoll se2 oh some objeds,

Itis particularly important for smooth, shiny surfaces,
such as:

metal
polished stona
plastics

apples
skin

* 0+ % & ¥

Froperties:
+ Specularreflection depends on the wiewing
direction V.

* Fornon-metals the color is determined solely
by the color of the light.

* Formetals, the color may be altered(e.q. brass)




Specular reflection “derivation” ~7
(=] .
Y

For a perfect mirror reflactor, light is reflected about

N, 5o
f, if¥=R
i=
0 atherwise

For anear-perfect reflector, you might expectthe
highlight to fall off quickhy with increasing angle

Also known as:

* “rough spacular” raflaction
+ “directiomaldiffuse” reflaction
+ “glossy” raflaction

Phong specular reflection

=1

]

s = 1282
e =T e e

One way to get this effectisto take (RW), raisedtoa
powearn

As n, gets largar,

+ thedropaff becomes{morelessi gradual
+ gives aflarger.smallerf highlight
+ simulates a{morelessi mirror-like surface

FPhon g specular reflection is proportional o

!/

spacubar

=BR- V>

G

where (], = maz(i.x).

Blinn-Phong specular reflection

A common alternative for specular reflection isthe
Blinn-Phong modal (sometimes called th e modified
Phong medal.)

We compute the wector halfway between L and ¥ as:
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Analegousto Pheng specular reflaction, we can
compute the specular contribution in terms of MH),
raised to a powerng

!

speculr

where, again, (x], = ma0, x).

“Iteration three”

The next updatetothe Blinn-Phong shading model is
then:

1=, + bl + bl BIN-L )+ b L BN H O™
= by bl B[ (N L)+ (N-HY ]

woh ere:

+ [ isthe spacular reflection coefficient
+ n.isthe specular e@xponant or shininass

* Histhe unit halfway vector between Land V,
where Wistheviewing direction.

[Mote: Angel uses ainstead of n, andmaintains a
separatelyand L, instead of asingle),. This choice
reflectsthe flexibility available in OpenGL.]

peli]




Directional lights

OpenGl supports three different kinds of lights:
ambient, directional, and point. Spet lights are also
supported as a special form of peint light.

Wehveseen ambient light sources, which are not
really geometric.

Diractional light scurces have asingle diraction and
intensity associated with them.

P
N
W

Using affine notation, what isthe homogeneous
coordinate for a directional light? O
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Point lights

The direction of a peint light sources is determined
by the wector from the light position to the surface
point,

Physicstells usthe intensity must drop off inversely
with the square of the distance:

1
atten 2

Sometimes, this distance-squared dropoff is
considered too "harsh.”" A common alternativeis:
1
f =—2
atten g+ e+ oy
with user-supplied constants for g, b and c.

Using affine notation, what is the homogeneous
coordinate for a point light? [
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Spotlights

OpenGlL also allows one to apply a directional
attenuation of a pointlight source, giving a spetlight
effect,

SEENEYE

sthecwist

“The spotlight intensity factor is computed in OpenaL
as;

= . LA & 1

fspot =(L-s)y {fe-’nP o bt
wihere
* Lizthediractiontothepaointlight.
* Sisthe center direction ofthe spotlight.
+ Histh g he spotlight
. eath —
*
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“Iteration four”

Sincelight is additive, we can handle multiple lights
by taking the sum ower every light.

Cur egquation is now (for point lights):

1 .
;ﬁfusi[;ﬁ (N-L )+ (NH, ﬁf]

Thisisthe Blinn-Phong illumination model,

Which quantities are spatial vectors?

Which are RGB triples?

W hich are scalars?

@
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Choosing the parameters

Experiment with different parameter settings. To get
youl started, here are a few suggestions:

* Tryn.intheranga [0,100]
* Tryk +kg+k. <1
& Usze asmall k, (~0.1)

Materials in OpenGL

The OpenGL code to specify the surface shading
properties is fairly straightforward, For example:

BLfloat ke(] = { 0.1, 0O.15, 0.05, 1.0 };
BLfleat kall = { 0.1, 0,15, 0.1, 1.0 };
BLfleat kd[] = { 0.%, 0.3, 0.2, 1.0 3};
GLfloat ks(] = { 0.2, 0.2, 0.2, 1.0 };
CLfloat ns[] = { 50.0 };

glMaterial fi (GL FRONT, GL EMISSTION, ke);

i v glMarerial fv{EL_FRONT, GL_AMETENT, ka);
P o g glMaterial fv {GL_FRONT, GL_DIFFUSE, kd);
glMaverial fv {EL_FRONT, GL_SPECULAR, ks);
etal lrge stnall, color | Large, color glMaterial fr (5L FRONT, GL SHININESS, ns);
of retal of rretal - -
fedium, ) Moteas:
Flastic rrediurm color of ﬁﬁlleum,
plastic * The cL_FRONT parameter tells Opanil that wa
) are spedifiving the material s for the front of the
Flaret 0 varying 0 surface.
* Onlythe alpha value of the diffuse coloris used
for blending, It's usually setto 1.
25 26
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Shading in OpenGL Shading in OpenGL, cont’d

The OpenGl lighting model allows you to associate
different lighting colors according to material
propearties they will influenca,

Thus, our original shading equation:

I= b bl +
S N L) i (N

Tl
T &TE e

bacom es:

I= Il'-(e + Ha'r.'j +
1 iz
i oL Byt Ly bl (N W ]
where you can have a global ambient lightwith
intansity Iy, in addition to having an ambient light
intensity ir,; associated with each individual light, as

wall as separate diffuse and spacular intensities, fz;;
and Iz, repactively,

a7

In OpenGLthiz equation, for one light source (the oty s
spedfied something like:

CLfloat Lal] = { 0.2, 0.2, 0.2, 1.0 };

GLfleat La0(] = { 0.1, 0.1, 0.1, 1.0 };
GLfloat LaD(] = { 1.0, 1.0, 1.0, 1.0 };
BLfleat LsWl] = { 1.0, 1.0, 1.0, 1.0 };
SLfloar = {1.0,1.0, 1.0, 0.0 };
GLEloat adf] = { 1.0 }: —
GLfloat bO[] = { 0.5 };

GLfloat cO[] = { 0.25 }: _
BLfloat S0[] = { -1.0, -1.0, 0.0 };
GLfloat betal[] = { 45 }:

SLfloar e0[1 = { 2 };

glLightModelfv{GL_LIGHT MODEL _AMEIENT, La);
glLight fw (3L LIGHTO, GL AMBIENT, La0);
glLight fw (GL_LIGHTO, GL DIFFUSE, LdO);
glLight fw (GL_LIGHTO, GL_SPECULAR, Ls0);
glLighe fw (GL_LIGHTO, GL_POSIT pos0) ;
glLight fw (GL_LIGHTO, GL CTNSTANT ATTENUATION, al);
glLight fw (GL_LIGHTO, G LINEAR ATTENUATION, bo);
glLight fw{GL_LIGHTO, GL\QUADRATIC ATTENUATION, oii;
gllLight fv (GL_LIGHTO, GL SPOT DIRECTION, =0);
glLighe £(CL_LIGHTO, GL_SPOT_CUTOFF, betal);

glLighe £(GL_LIGHTO, GL_SPOT_EXPONENT, =0);
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Shading in OpenGL, cont’d
Motas:

You can hawe as many as GL_MAX_LIGHTS lightsin a
scene, This number is sy stem-cdepen dent.

For directional lights, wou specify alight direction,
not position, and the attenuation and spotlight terms
are ign ored,

The direction s of directional lights and spotlights are

specified in the coordinate systems of the lights, not
the surface points aswe've been doing in lecture,
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BRDF

The diffuse+spacular parts of the Blinn-Phong
illumination model are a mapping from lightto
wiewing directions:

Mg
L+V
[=18 ML+ |N——
o ( ||L+v|J+

=I, EILV)
The mappingfunction f,is often written in terms of
incoming (light) diractions @, and eutgoing
[wiewing] directions gy

f.l’(m' d:zjo-:rr:l or fr(a%n _)mout:]

e

Thisfunction is called the Bidiractional Reflactance
Distribution Function (BRDF),

Here's a plot with @y, held constant:

r(mhfmout)

BROFs can ba quite sophisticated. ..
30

More sophisticated BRDF's

Artistics BROFs [Gooch]
kA

Gouraud vs. Phonginterpolation

Mow we know how to compute the color at a point
an a surface using the Blinn-Phonglighting model.

Does graphics hardware dothis calculation at every
point? Mot by default..

Smoaoth surfaces ara often approximatad by
polygonal facets because:

* Graphics hardware generally wants polygons
[esp. triangles).

* Somatimes it easier to write ray-surface
intersection algorithms for palygonal models,

How dowe compute the shadingfor such a surface?

]




Faceted shading -
£r
Pssume each face has a constant normal: L y

DQ L'J'_Z'cjl' .‘ELL,L[

For adistant viewer and a distant light source and
constant material properties over the surface, how
will the color of each trian gle vary?

Result: faceted, not smooth, appearance,
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Faceted shading (cont'd)

) [Williarns and Siegel 1990]

Gouraud interpolation

To get asmoother result that is easily performed in
harcherare, we can do Gouraud intarpolation.

Here's how it works:

1. Compute normals at the wertices.
2. Shade anly the vertices.
3. Interpolate the resultingvertex colors,

'
Interpolate

1
Iy 1 "\r’
i\
-~ A
I,
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Rasterization with color

Recall that the z-buffer works by interpolating z-
walues across atrianglethat has been projectedinto
image space, a process called rasterization.

During rasterization, colors can be smeared across a

triangle aswell:

(E1:8n: 21)
Yi (Ry, Gy, By)

A
1

Y

(2, 42, 22l

({2, Gz, Bo

(#3, 3, 22)

(3, Ga, By)

T;

i




Facted shading vs. Gouraud interpolation

37 [Williarns and Siegel 1990]

Gouraud interpolation artifacts 4,*\{
(4
o

v

T

L Gouraud interpolation has significant limitation s,

1. Ifthe polygonal approximation is too coarse, wa
can miss specular highlights,

v
NHL

A ,%“ (A

2. We will encounter Mach banding (derivative X

discontinuity enhanced by human eye].
Thisiswhat graphics hardware does by default, 5
A substantial improvementisto do. ..

]

Phong interpolation

To get an even smoaother result with fewer artifacts,
wie can perform Phong interpolation.

Here's how it works:

1. Compute normals atthe vertices.
2. Interpolate normals and normalize.
3. Shade using theinterpolated normals.
N,
Ny

Interpolate

~ KN
'
Shade

'

4
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Gouraud vs. Phonginterpolation

40 [Williarns and Siegel 1990]




Default pipeline: Gouraud interpolation

Default vertex processing :

Programmable pipeline:
Phong-interpolated normals!

L detennine lighting dira tion
Yertex V e cleternire viswing dirsction Vertex Vertex shader: L
frroce s50r W= norrmalzs(n, | attac: N0 werex aSJEr}r.lng"
cﬁEQ—shadewithLV,N,kd,k,,n, Processor attac ve_t-:-vertgas rying
o e s M+ project vto irmage
attach cp‘ffongtoverta asvarying
Vi — projed vioimage
Primitive Primitive J4? 4 tiangke
assembler Viewi v — triangk assembler
vl el ) .
r Fragment
"i‘ " Fragment vE nf ke kD 6l
i | v Chang) . .
Rasterizer AT Rasterizer |©
P 41
LV O ) ¥
Vi« ]
. Fragment shader:
L= detarrming lighting dirsction
Fragment Default fragment processing: Fragment W cletarming wigwing direc tian
processor color e cf, processor A e norralizenf)
e calor - shade with L, L k2, of
41 42
Summary Surface normals

You should understand the equation for the Blinn-
Phong lighting model describedin the “Iteration

Four slide:

* hat isthe physical meaning of each wariable?
* How arethe terms computed?
& What effect does each term contributetothe

image?

* What does vanying the parameters do?

You should also understand the differances betwesn
facetad Gouraud, and Phenginterpalated shading.

And you should understand how to compute the
normal toa surface of revolution.

L1

How can we compute the normal to a surface at a

given point?




Tangent vectors and tangent planes
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Normals on a surface of revolution
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